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STANDARDS DEVELOPMENT 

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

(PF) , for the development of official pharmaceutical standards. 
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USP publishes Pharmacopeial Forum (PF) bimonthly as the working vehicle of the USP Council of Experts. PF provides 
interested parties an opportunity to review and comment as the Council of Experts develops or revises standards for the 
United States Pharmacopeia and the National Formulary (USP-NF). 

PF includes the following: 
1. Potential revisions--entirely new standards, revision ideas, and drafts not yet targeted for official adoption (Pharmaco

peial Previews) 

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

3. Adopted revisions- new or revised standards that become official and binding before the publication of the next USP-
NF or Supplement (Interim Revision Announcement) 

USP welcomes comments and data on potential, proposed, or official standards.* Comments, along with USP's responses, 
will be published either in PF Briefings, the Commentary section of PF, the Commentary section of Supplements to USP-NF, 
or the Commentary section of USP-NF. 

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

Public Review and Comment Process 
for Standards Development 

USP Expert Cwnmittee approves item 
for publication in 

PhannacopeiaJ Fon,m (PF) 

USP Scientific StaffLiwon and the 
Executive Secretariat review item 

Item published in PF for public review 

Public comment received 

USP Expert Committee reviews comments 
and responds to the 

USP Scientific Staff Liaison 

USP Scientific St.a.ff Liaison compiles and 
analyzes comments and 

USP Expert Committee responses 

Further revision needed 

Comments and r.esponses 
published in PF Briefings with 

proposal for further revision 

No further revision needed 

Revision proposal becomes official; 
revision published in Jnurlm 
Revision Announcement or 

Sllf'plement to USP-NF; comments 
and responses published under 

Commentary in Supp/emend 

PF/USP-NF 

Questions on the process should be addressed to John W. Gasper, M.A., J.D., Director, Office of the Executive Secretariat, 
U.S. Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: jg@usp.org). 

lf you are not immediately able to submit comments but you intend to do 
so, please notify USP by using the Intent to Comment form provided before 
the section Chromatographic Reagents Used in USP-NF and PF. 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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HOW TO USE PF 
This section provides descriptions of the various parts of PF. It also includes Committee Designations and the Staff Directory. 
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The contents of the different sections of PF are briefly described below. Readers will get an idea of how each section is 

relevant to their job functions. They may contact USP scientific staff liaisons or staff members of the Executive Secretariat 

(listed in the Staj]Directory) if they have any questions . A more detailed description of each section is provided at the begin

ning of that section. 

Proposed and Adopted Revisions 

Section Content How Readers Can Respond 

Pharmacopeial Previews • BRJ EFING: Scientific rationale for potential inclusion or change. Review drafts and provide comments 

Early ideas for revisions May include other information useful to the analyst such as the to the appropriate staff liaison cited in 

brand name of the column used in developing the proposed method the Briefing preceding each Preview. 
and the USP scientific staff liaison who handled the issue. 
• Potential revisions not yet targeted for official adoption that re-

quire a longer public review and comment process because of is-
sues such as : 

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

study; and 
- articles produced by multiple sources. 

In -Process Revision • BRIEFING: Scientific rationale for proposed changes. May include Review material and send comments 

Revisions targeted for other information useful to the analyst such as the brand name of promptly to USP staff liaison (see the 

adoption the column used in developing the proposed method and the USP Staff Directory). Guidelines on how to 

scientific staff liaison who handled the issue. comment are found at the end of the Po-

•New and revised standards that have been approved for publica- licies and Announcements section. 
lion by the appropriate USP Committee when it is considering 
whether to advance standards to official status (see Standards De-
velopment). New or revised text is marked with symbols (• • or 
•• or • b) to specify the tentative earliest date on which the revision 
would e officially adopted. 

Harmonization • BRIEFING: Scientific rationale for the potential inclusion or Review material and provide com-

Items the Pharmacopeial change or for the proposed change. The designated stage ofhanno- ments to the appropriate staff liaison ci-

Discussion Group (PDG) nization. The stage detennines whether an item appears under ted in the Briefing preceding each 

is trying to harmonize in- Pharmacopeial Previews or under In-Process Revision, both sep- Preview or in-Process Revision. 

temationally arate sections of Harmonization. 
•For In-Process Revision , new or revised text is marked with sym-
bols c• .) to specify the tentative, earliest date on which the revi-
sion would be officially adopted. 

Interim Revision Standards that have been adopted and will become officially bind- Review to see if affected by any of the 

Announcement ing on the specified date. Effective date is specified in the section's changes. Note effective date when stan-

Adopted standards introductory page or within parentheses followini a particular dards become official and ensure com-

item. New or revised text is set off by the symbols • · pliance. 

t; 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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Other Sections 

Committee Designations 

HOW TO USE PF 
Pharmacopeial Forum 

Vol. 29(1) [Jan.-Feb. 2003] 

Names of the committees (composed of volunteer scientific experts) that USP staff work with on the development of stan
dards. 

Staff Directory 
Names of all USP scientific staff liaisons with contact information. 

Policies and Announcements 
• General scientific and policy issues affecting USP-NF standards and processes 

Update on standards-related issues being considered by USP 
• Summaries of meetings of the Council of Experts 

Guidelines on how to comment 
• Publication and comment schedules 

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

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

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

Index 
Cumulative directory for the content of all issues of PF beginning with PF 28(1 ). 

Reference Standards Catalog __ 
List of official USP Reference Standards specified in USP- NF, along with availability and o;dering information. 

Chromatographic Reagents Used in USP-NF and Pharmacopeial Forum 
Update of chromatographic reagents based on the proposals published in this issue of PF. 

© 2003 The United States Pharmacopeial Convention. Inc. All Rights Reserved. 
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EXPERT COMMITTEE DESIGNATIONS* 
stan-

The names of the Committees and their abbreviations are as follows: 

AER Aerosols 

AMB Analytical Microbiology 

BBP Blood and Blood Products 

BNA Bioavailability and Nutrient Absorption 

BNT Biotechnology and Natural Therapeutics- Diagnostics 

BPC Biophannaceutics 

BST Biostatistics 

CRX Compounding Pharmacy 

arties I/ DSB Dietary Supplements- Botanicals 

DSN Dietary Supplements- Non-Botanicals 

EMC Excipient Monograph Contentt 

ESC Excipients- Substances and Characterization t 

ETM Excipients- Test Methods 

GCT Gene Therapy, Cell Therapy, and Tissue Engineering 

GTB General Toxicity and Biocompatability 

NL Nomenclature and Labeling 

PAI Pharmaceutical Analysis I 

PA2 Phannaceutical Analysis 2 

PA3 Pharmaceutical Analysis 3 

PA4 Pharmaceutical Analysis 4 

PAS Pharmaceutical Analysis 5 

PA6 Pharmaceutical Analysis 6-actives 

PA7 Phannaceutical Analysis 7-Antibiotics 

PDF Pharmaceutical Dosage Fonns 

PPC Parenteral Products- Compounding and Preparation 

PPI Parenteral Products- Industrial 

PSD Packaging, Storage, and Distribution 

PW Phannaceutical Waters 

RMI Radiophannaceuticals and Medical Imaging 

SMU Safe Medication Use 

VET Veterinary Drugs 

VVI Vaccines, Virology, and Immunology 

~ HDQ Indicates USP Headquarters items. 
The Expert Committee has been renamed. The old name, Excipients-Substances and Characterization (ESC) has been changed 10 Excipient Monograph Content (EMC). 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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STAFF DIRECTORY 

Pharmacopeial Forum 
Vol. 29(1) [Jan.-Feb. 2003) 

This is an updated directory that reflects assignment changes based on the reorganization of USP. The general USP tele
phone number, (301) 881-0666, may still be used for general inquiries or when a particular Committee is not identified. The Fax 
number is (301) 816-8373. 

STAFF 

Clydewyn M. Anthony, 
Senior Scientific Associate 

Frank P. Barletta, Scientist 

E-MAIL 

cma@usp.org 

fpb@usp.org 

Charles H. Barnstein, Consultant chbarnstein@ 
email.msn.com 

Lokesh Bhattacharyya, Senior lb@usp.org 
Scientist 

Barbara A. Bowman, bab@usp.org 
Manager, Administrative 
Services 

William E. Brown, Scientist web@usp.org 

Todd L. Cecil, Director, tlc@usp.org 
General Policies and 

Requirements 

Elizabeth Cowley, epc@usp.org 
Communications Coordinator, 

Practitioner and Product 
Experience 

Roger Dabbah, Director, rd@usp.org 
Complex Actives 

Behnam Davani, Scientist bd@usp.org 

Ian F. Deveau, Senior Scientist ifd@usp.org 

Lawrence Evans, Senior le@usp.org 
Scientific Associate 

L. Valentin Feyns, Director, lvf@usp.org 
Reference Standards Evalua-

tion 

John W. Gasper, Director, 
Executive Secretariat 

jg@usp.org 

PHONE 

(301) 816-8139 

(301) 816-8328 

(301) 774-9457 

(301) 816-8201 

(301) 816-8278 

(301) 816-8380 

(301) 816-8234 

(301) 816-8217 

(301) 816-8336 

(301) 816-8394 

(301) 816-8178 

(301) 816-8389 

(301) 816-8121 

(301) 816-8241 

ASSIGNMENT 

Pharmaceutical Analysis (PA 1) 

Pharmaceutical Waters (PW) 
Parenteral Products-
1 ndustrial (PPI); 
Radiopharmaceuticals and 
Medical Imaging (RMI) 

Nomenclature and Labeling 
(NL) 

Blood and Blood Products 
(BBP); 

Vaccines, Virology, and 
Immunology (VVI) 

USP Correspondence 

Biopharmaceutics (BPC); 
Biostatics (BST) 

Safe Medication Use (SMU) 

Blood and Blood Products 
(BBP) 

Pharmaceutical Analysis 
78-Antimicrobial 
and Antivirals (PA7B) 

Cell Therapy, Gene 
Therapy and Tissue 
Engineering (CGT); 
Veterinary Products 
and Natural Products 
Monographs 

Pharmaceutical Analysis 
6 (PA6) 

USP Reference Standards 

General Issues 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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STAFF DIRECTORY (continued) 

STAFF E-MAIL PHONE ASSIGNMENT 

tele- if 
Gabriel I. Giancaspro, Senior gig@usp.org (301) 816-8343 Dietary Supplements-Botani -

Scientist cals 
3 Fax !1 and Latin American Liaison (DSB); Dietary 

Supplements-
Non-Botanicals (DSN); 
Bioavailability and 
Nutrient Absorption (BNA) 

A1) 1:1 Elena Gonikberg, Scientist eg@usp.org (301) 816-8251 Pharmaceutical Analysis 4 
!l.. (PA4) 

I) }J Sue C. Harris, Director, sch@usp.org (301) 816-8275 Excipient Monograph Content 
Non-Complex Actives and (EMC); 
Excipients Excipients-Test Methods 

d ¥'~ (ETM) 
,j I 

James W. Kelly, Scientist jwk@usp.org (301) 816-8167 Pharmaceutical Analysis 2 
ling :n (PA2) 

Justin J. Lane, Senior Scientific jl@usp.org (301) 816-8323 Excipients-Test Methods 
Icts ti Associate (ETM) 

Anju K. Malhotra, Manager, akm@usp.org (301) 816-8346 USP Conferences and 
Conferences and Meetings Meetings 

Ronald G. Manning, Vice 
President , Standards Opera-

rgm@usp.org (301) 816-8562 

tions 

Margareth R. Marques, Scientist mrm@usp.org (301) 816-8106 Biopharmaceutics (BPC) ; 
and Latin American Liaison Reagents 

Alan W. Nichols, Director, awn@usp.org (301) 816-8321 USP Reference Standards 
Reference Standards 
Production 

Claudia C. Okeke, Senior Scien- cco@usp.org (301) 816-8243 Compounding Pharmacy 
tist (CRX); Parenteral Products-

Compounding and Prepara-
tion (PPG); Packaging, Sto-
rage, and Distribution (PSD) 

cts i1 W. Larry Paul, Scientific Fellow wlp@usp.org (301 ) 816-8331 Nomenclature and Label ing 
(NL) ; Pharmaceutical Dosage 
Forms (PDF) 

David A. Porter, Senior Scientist dap@usp.org (301 ) 816-8225 Analytical Microbiology (AMS); 
Biotechnology and Natural 
Therapeutics-Diagnostics 
(BNT); General Toxicity and 
Biocompatabil ity (GTB) 

David B. Roll, Director, 
Dietary Supplements 

dbr@usp.org (301) 816-8316 

Karen Russo, Scientist kar@usp.org (301) 816-8379 Excipient New Monograph 
Development 

Salvador Salado, Scientist and ss@usp.org (301 ) 816-8165 Pharmaceut ica l Ana lys is 3 
Latin American Liaison (PA3) 

Stefan P. Schuber, Director, sps@usp.org (301 ) 816-8551 
Information and 
Administration 

Catherine M. Sheehan, Senior cxs@usp.org (301 ) 816-8262 Excipient Monograph Content 
Scientific Associate (EMC); Excipients-Test 

Methods (ETM) 

Eric B. Sheinin, Vice President, 
Information and Standards 

es@usp.org (301 ) 816-8103 

Development 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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STAFF DIRECTORY (continued) 

STAFF E-MAIL 

V. Srini Srinivasan, Vice vs@usp.org 
President, 
Dietary Supplements 
Verification Program 
(DSVP) 

Jerry T. Wadsworth, Manager, jtw@usp.org 
Corporate Editorial Services 

Andrzej Wilk, Senior Scientific aw@usp.org 
Associate 

William W. Wright, Scientific www@usp.org 
Fellow 

Kahkashan Zaidi, 
Scientist 

kxz@usp.org 

PHONE 

(301) 81 6-8334 

(301) 816-8353 

(301) 816-8305 

(301) 816-8335 

(301) 81 6-8269 

Pharmacopeial Forum 
Vol. 29(1) [Jan.-Feb. 2003] 

ASSIGNMENT 

Pharmaceutical Analysis 5 
(PA5) 

Pharmaceutical Analysis?
Antibiotics (PA?) 

Aerosols (AER) 

© 2003 The United States Pharmacopeial Convention, Inc. AU Rights Reserved. 
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POLICIES AND 
ANNOUNCEMENTS 

In this section, readers may find statements about general scientific and policy issues that may have an impact on USP-NF 
standards and processes, announcements about issues being considered by USP, and summaries of Council of Experts meet
ings. This section also includes publication and comment schedules. 
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(11 96 ) PHAR MAC OPEI AL HARMONIZATION, 
GENERAL INFORMATION CHAPTER ADDED IN 

FIRST IRA 

This general information chapter is intended to act as a 

guideline for its users. It includes the Pharmacopeial Dis

cussion Group (PDG) Working Procedures and the PDG 

Policy Statement, which have been approved by the PDG. 
In addition, it provides information on the degree of harmo

nization of various general chapters and monographs of the 

United States Pharmacopeia , the European Pharmaco

poeia, and the Japanese Pharmacopeia. The reader is ad
vised, however, that in any case of doubt or dispute where 

compliance with the United States Pharmacopeia is re

quired, that this chapter does not in any way affect the status 
of the monographs and general chapters as the authoritative 

reference. 

NEW AD M IS SIO N CRIT ERI A FOR DIETARY 
SUPPLEMENTS 

Since 1995, selection and prioritization of dietary supple
ments for admission to the USP-NF was based upon several 

factors that continue to guide both the Expert Committee on 
Non-Botanicals and the Expert Committee on Botanicals 

during the current revision cycle. These factors are: 

I . Extent of use, based upon market sales or other factors 

2. Historical use 

3. Knowledge of chemical composition 

4. Existence of other pharmacopeial standards 

5. Evidence of benefit 

6. Interest from a governmental body 

7. Absence of significant safety ri sk associated with its 
use. 

Because safety was a significant concern, the Scope Com

mittee was established in 1995 to analyze safety evidence to 

determine whether or not an article should be admitted to the 

USP-NF. The Scope Committee ceased to exist with the 
2000 Revision Cycle, and the newly formed Dietary Sup

plements Information Expert Committee assumed responsi
bility for safety evaluation. 

The Dietary Supplement Information Expert Committee has 

developed the foll owing criteria for consideration of articles 

proposed for placement in the USP- NF: 

I . Human data: safety studies, clinical studies, post-mar

keting surveillance, adverse events, interactions, pub-
1 icly available data (taking into account issues on 

phytoeq ui valency) 

2. Pharmacological data: reproductive toxicity, experi

mental animal studies, pharmacokinetics, therapeutic 

index, presence of toxic constituents 

3. Contemporaneous extent of use globally and in the 

U.S.: misuse and abuse 

4. Historical use 

In addition, the Committee identified the following two fac
tors as important for safety evaluations: 

I. Regulatory status in the U.S . and other countries, which 
could include regulatory actions, OTC status, GRAS 
status, etc.; and 

2. Existence of official Pharmacopeial monographs. 

After evaluating the above criteria and factors, and based 

upon the information contained in the materials reviewed, 

it was proposed that the Committee would recommend the 

inclusion of a given article into one of the following classes: 

Class I . Articles for which the Committee is unaware of sig

nificant safety issues present when the article is used 

and formulated appropriately that would prohibit a 
monograph being developed. 

Class I a. Articles for which the Committee is aware of lim

ited human scientific data concerning safety of the arti

cle, but is unaware of significant safety issues present 

when the article is used and formulated appropriately 

that would prohibit a monograph being developed. 

Class 2. Articles for which the Committee is unaware of sig
nificant safety issues present when the article is used 

and formulated appropriately that would prohibit a 

monograph being developed, provided there is a warn
ing statement in the labeling section. 

Class 3. Articles for which the Committee is aware of sig

nificant safety issues present that would prohibit a 
monograph being developed. 

The Council of Experts Executive Committee recently ap

proved this approach to dealing with safety issues of dietary 

supplements proposed for?USP- NF. Current placement in 
the USP requires the article to have either an FDA-approved 

or USP DI accepted use; otherwise the article will appear in 
the NF. Thus, articles falling within Class I or Class I a 

would be placed in the USP or NF; articles falling within 

Class 2 would also be placed in the USP or NF, but would 

require a warning statement in the labeling section; and ar

ticles that fall within Class 3 would not be admitted to either 

the USP or the NF due to significant safety issues. 

However, the Executive Committee of the Council of Ex

perts has recently approved changing the name of the " Nu

trit io nal Suppl e ments" chapter of USP to "Dietary 
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Supplements." Beginning with USP 27-NF 22, all mono

graphs for dietary supplements will appear in this new 

USP section. For an article that is both a drug ingredient 

and an ingredient of a dietary supplement, the main mono

graph will reside either in USP for pharmaceutical actives or 

in NF for excipients, but will be cross-referenced in the 

Dietary Supplements section. 

PHARMACOPEIAL EDUCATION COURSES. USP's 
Pharmacopeial Education series has been developed to 
enhance the knowledge , skills, and expertise of 
pharmaceutical industry personnel. 

The following list indicates tentatively scheduled course 

dates . For further information, contact Barbara B. Hubert, 

Director, Pharmacopeial Education, BBH@ usp.org, 301-

816-833 3, or Diana Lenahan, Program Associate, DPL@us

p.org, 301-816-8530. Call 301-816-8530 to get information 

on custom courses offered at USP or at your site. 

Calendar of Pharmacopeial Education Courses, 2003 

Date Name of course Location 

January 13 and 14 Fundamentals of Dissolution USP Headquarters, Rockville, MD 

January 21 and 22 Fundamentals of Dissolution (Europe) Basel, Switzerland 

February 4 and 5 Fundamentals of Dissolution Horsham, PA 

February IO and 11 Fundamentals of Dissolution (Spanish) USP Headquarters, Rockville, MD 

February 16 Analytical Method Validation Marriott, Philadelphia, PA 

February 26 Standards I 00: Fundamentals of the Use of USP- USP Headquarters, Rockville, MD 
NF and the Standards Development Process 

February 27 Standards IO I: Advanced Use of USP-NF, General USP Headquarters, Rockville, MD 
Notices, and Monograph Chapters 

March 20 Fundamentals of Microbiological Testing USP Headquarters, Rockville, MD 

March 24 and 25 Fundamentals of Dissolution USP Headquarters, Rockville, MD 

April I and 2 Fundamentals of Dissolution (Europe) Basel, Switzerland 

April IO and 11 Fundamentals of Dissolution USP Headquarters, Rockville, MD 

April 23 Analytical Method Validation USP Headquarters, Rockville, MD 

Mayland 2 Fundamentals of Dissolution USP Headquarters, Rockville, MD 

May 14 Standards I 00: Fundamentals of the Use of USP- USP Headquarters, Rockville, MD 
NF and the Standards Development Process 

May 15 Standards IO I: Advanced Use of USP- NF, General USP Headquarters, Rockville, MD 
Notices, and Monograph Chapters 

May 19 and 20 Fundamentals of Titration USP Headquarters, Rockville, MD 

June 9 and IO Fundamentals of Dissolution USP Headquarters, Rockville, MD 

June 18 Fundamentals of Microbiological Testing USP Headquarters, Rockville, MD 

July 14 and 15 Fundamentals of Dissolution USP Headquarters, Rockville, MD 

July 23 Analytical Method Validation USP Headquarters, Rockville, MD 

August 11 and I 2 Fundamentals of Dissolution USP Headquarters, Rockville, MD 

August 20 Standards l 00: Fundamentals of the Use of USP- USP Headquarters, Rockville, MD 
NF and the Standards Development Process 

August 21 Standards IO l: Advanced Use of USP-NF, General USP Headquarters, Rockville, MD 
Notices, and Monograph Chapters 

September 15 and 16 Fundamentals of Dissolution USP Headquarters, Rockville, MD 

September 18 Fundamentals of Microbiological Testing USP Headquarters, Rockville, MD 

September 24 Fundamentals of Titration USP Headquarters, Rockville, MD 

October 8 Analytical Method Validation USP Headquarters, Rockville, MD 
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Date Name of course Location 

October 20 and 21 Fundamentals of Dissolution USP Headquarters, Rockville, MD 

November 17 and 18 Fundamentals of Dissolution I USP Headquarters, Rockville, MD 

December 8 Standards I 00: Fundamentals of the Use of USP- I USP Headquarters, Rockville, MD 
NF and the Standards Development Process 

December 9 Standards IO I : Advanced Use of USP- NF, General I USP Headquarters, Rockville, MD 
Notices, and Monograph Chapters 

December 15 and 16 Fundamentals of Dissolution 

CHEMICAL STRUCTURES ARE SHOWN FOR THE 
NEW USAN AND OTHER NEW NONPROPRIETARY 
NAMES APPEARING IN THE FIFTH SUPPLEMENT 
TO THE 2002 USP DICTIONARY OF USAN AND 
INTERNATIONAL DRUG NAMES IN THE 
NOMENCLATURE SECTION OF THIS NUMBER 
OF PF. With this addition of these graphic formulas, new 
names added via Dictionary supplements will, 
henceforward , be complete as they appear in the main 
volume of the Dictionary. 

VISIT THE USP WEB SITE AT (http://www.usp.org). 
Various resources related to Pharmacopeial standards are 
presented, including highlights from PF 

USP-NF AVAILABLE IN THREE ELECTRONIC 
FORMATS. The trusted reference for official 
pharmaceutical standards is available in three convenient 
electronic formats- CD, intranet, and online. The CD is 
ideal for single users who prefer to have USP-NF on their 
hard drives. The intranet format allows Web browser-based 
access to multiple users within a company, through their 
own intranet server. The online format can be accessed by 
individual registered users through the World Wide Web. 
All three electronic formats provide fast and easy access 
to official USP-NF content. More information can be 
obtained by visiting www.usp.org/products or by calling 
USP's Customer Service Department at 1-800-227-8772 
or 301-881-0666. 

CHROMATOGRAPHIC REAGENTS NOW AVAILABLE . 
Chromatographic Reagents lists the brand names of the 
column reagents cited in every proposal for new or 
revised gas- or liquid-chromatographic test methods that 
have been published in Pharmacopeial Forum (PF) since 
1980 . Chromatographic Reagents also helps to track 
which column reagents were used to validate methods that 
have become official and are inc luded in USP-NF. The 
branded column reagents list is updated bimonthly 

USP Headquarters, Rockville, MD 

through Pharmacopeial Forum. Chromatographic 
Reagents can be ordered by calling USP ' s Customer 
Service Department at 1-800-227-8772 or 301-881-0666. 

INTERNATIONAL CORRESPONDENCE. Individuals 
who wish to correspond with the European and Japanese 
Pharmacopoeias concerning monographs in the Official 
Inquiry and Consensus stages of international 
harmonization should address their comments to the 
coordinating pharmacopeia for a given article. The 
addresses for the European and Japanese Pharmacopoeias 
are as follows : 

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

NAKASHIMA Nobumasa 
Evaluation and Licencing Division 
Pharmaceutical and Medical Safety Bureau 
Ministry of Health, Labour and Welfare, Japan 
Tel. +8 1-3-3595-2431 , Fax. +8 1-3-3597-9535 
E-mail : nakashima-nobumasa@mhlw.go.jp 

HOW TO SUBMIT COMMENTS. The USP welcomes 
and encourages interested parties to submit comments and 
data regarding potential, proposed, or adopted ( official) 
standards. Submissions concerning a particular item that 
has appeared in a PF should be submitted to the 
appropriate USP scientific staff liaison identified at the 
end of the Briefing accompanying each item. To submit 
comments and data to a liaison, use the e-mail address 
and telephone numbers listed in the Staff Directory 
included in every PF. 

Please note that USP-NF is being published in an annual 
edition with one main book and two Supplements a year. 
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In addition, the following schedule will repeat every year so 

that users will know what to expect and become familiar 

with the deadlines. 

Comment Deadline 

Main Book May 15, 2002 

Supplement One October 15, 2002 

Supplement Two February 17, 2003 

In the future, USP anticipates including the comment sub

mission deadline in each briefing of every revision proposal 

when it is published for public review and comment. 

The publication and comment schedule for USP 26-NF 21 

is as follows: 

Publication Date Official Date 

November 2002 January 2003 

February 2003 April 2003 

June 2003 August 2003 

For general inquiries or in cases where a particular liaison is 

not identified, use the general USP telephone number 301-

881-0666 or FAX number 301-816-8373 . 
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All official revisions are published in Supplements to USP-NF (twice yearly). Between Supplements, official revisions are 
published in PF in the Interim Revision Announcement; these revisions are also incorporated in the upcoming Supplement. 
The electronic version of USP- NF is updated as each Supplement becomes available and, therefore, contains all official text 
up to and including the contents of the latest Supplement. 

PUBLICATION SCHEDULES 

Publication Publication Date Official Date 

I" Supplement Feb. 2003• Apr. I , 2003• 

PF 29(2) [Mar.- Apr. 2003] Mar. 2003· Not Applicable 

2n,J IRA [published in PF 29(2)] Mar. 2003° Apr. I , 2003 • 

PF 29(3) [May- June 2003) May 2003• Not Applicable 

3,d IRA [published in PF 29(3)] May 2003• June l , 2003° 

2nd Supplement June 2003• Aug. I , 2003 • 

PF 29(4) [July- Aug. 2003] July 2003° Not Applicable 

4th IRA [published in PF 29(4)] July 2003• Aug. I , 2003 . 

PF 29(5) [Sept- Oct. 2003] Sept. 2003• Not Applicable 

5'h IRA [published in PF 29(5)) Sept. 2003• Oct. 1, 2003• 

PF 29(6) [Nov.-Dec. 2003] Nov. 2003• Not Applicable 

6 'h IRA [published in PF 29(6)) Nov. 2003· Dec. l , 2003 • 

Tentative 
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INTERIM REVISION 
ANNOUNCEMENT 

In this section readers will find the following: 

• The list of new USP Reference Standards that have become available 

• The list of assays or tests that are adopted but held in abeyance pending availability of required USP Reference Standards 

• New adopted (official) revisions to the USP-NF that become effective before the effective date of the next Supplement or 

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

stated on the next page.) 

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

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

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

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

panied by a number that indicates the IRA or Supplement in which the revision first appeared. For example, •2 indicates that 

the revision was officially adopted in the Second Interim Revision Announcement, and • 2 indicates that the revision was 

officially adopted in the Second Supplement. 
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New USP Reference Standards 
The following USP Reference Standards, which were in

dicated in past Supplements to USP-NF as being not yet 
available, have since become available. Thus , the official 
date of each USP 26 or NF 21 standard, test, or assay requir
ing the use of the following Reference Standards is indi
cated individually in this list. 

USP Alfentanil Hydrochloride RS (Jan. 1, 2003) 
USP Atovaquone RS (May 1, 2003) 
USP Atovaquone Related Compound A RS (May 1, 2003) 
USP Atracurium Besylate RS (July I , 2003) 
USP Dextran 40 System Suitability RS (May 1, 2003) 
USP Dextran 70 System Suitability RS (May 1, 2003) 
USP Dichloralphenazone RS (Jan. 1, 2003) 
USP Diethylene Glycol Monoethyl Ether RS (Feb . I, 2003) 
USP Dirithromycin RS (Jan. I, 2003) 
USP Ethchlorvynol RS (Jan. 1, 2003) 
USP Etoposide Resolution Mixture RS (July 1, 2003) 
USP Felodipine Related Compound A RS (July I , 2003) 
USP Fenbendazole RS (Jan. 1, 2003) 
USP Gadopentetate Monomeglumine RS (Jan. 1, 2003) 
USP Gadoteridol Related Compound B RS (July 1, 2003) 
USP Gadoteridol Related Compound C RS (July 1, 2003) 
USP Homosalate RS (Feb. 1, 2003) 
USP Hyperoside RS (Jan. 1, 2003) 
USP lodixanol Related Compound C RS (July 1, 2003) 
USP lodixanol Related Compound D RS (July I, 2003) 
USP Jodixanol Related Compound E RS (July I, 2003) 
USP loversol RS (Feb. 1, 2003) 
USP loxaglic Acid RS (Jan. I, 2003) 
USP loxilan RS (Jan. 1, 2003) 
USP lsometheptene Mucate RS (Feb. 1, 2003) 
USP lvennectin RS (May I, 2003) 
USP Lactitol RS (Jan. I, 2003) 
USP Letrozole RS (July 1, 2003) 
USP Letrozole Related Compound A RS (May I, 2003) 
USP Lovastatin Related Compound A RS (July 1, 2003) 
USP Menthyl Anthranilate RS (Feb. I, 2003) 
USP Meradimate RS (Feb. I, 2003) 
USP Methyl Benzylidene Camphor RS (Feb. 1, 2003) 
USP Octisalate RS (Feb. 1, 2003) 
USP Octocrylene RS (Feb. 1, 2003) 
USP Paroxetine Related Compound A RS (May l , 2003) 
USP Paroxetine Related Compound B RS (May 1, 2003) 
USP Paroxetine Related Compound C RS (May 1, 2003) 
USP Pentoxifylline RS (July 1, 2003) 
USP Quercetin RS (Jan. 1, 2003) 
USP Rimexolone RS (Jan . I, 2003) 
USP Selenomethionine RS (Feb. 1, 2003) 
USP Sulfaquinoxaline RS (Feb. 1, 2003) 
USP Sulfaquinoxaline Related Compound A RS (Feb. 1, 2003) 
USP Triclosan RS (July I, 2003) 
USP Ubidecarenone RS (May 1, 2003) 
USP Ubidecarenone fo r System Suitability RS (Feb. 1, 2003) 
USP Valerenic Acid RS (Feb . 1, 2003) 
USP Vecuronium Bromide Related Compound A RS (May I , 

2003) 
USP Zalcitabine Related Compound A RS (July I, 2003) 

The official dates of any USP 26 or NF 21 standards, tests, 
or assays requiring the use of the following new USP Ref
erence Standards are postponed until further notice pending 
availability of the respective Reference Standards. 

USP Alteplase RS 
USP Amiloxate RS 
USP Amitraz RS 
USP Positive Bioreaction RS 
USP Cefpiramide RS 
USP Cinoxate RS 
US P Decoquinate RS 
USP Desflurane RS 
USP Desflurane Related Compound A RS 
USP Dextran 40 RS 
USP Dextran 70 RS 
USP Dextran Calibration RS 
USP Dextran V0 Marker RS 
USP Diethylstilbestrol Diphosphate RS 
USP Enalapril Related Compound B RS 
USP Enzacamene RS 
USP Fludeoxyglucose RS 
USP Ginseng Extract RS 
USP Gonadorelin Hydrochloride RS 
USP Hypericin RS 
USP Lactase RS 
USP Menotropins RS 
USP Methyldopa- Glucose Reaction Product RS 
USP Mibolerone RS 
USP Monensin Sodium RS 
USP Narasin RS 
USP Ondansetron Hydrochloride RS 
USP Ondansetron Related Compound A RS 
USP Ondansetron Related Compound B RS 
USP Ondansetron Related Compound C RS 
USP Ondansetron Related Compound D RS 
USP Oxfendazole RS 
USP Poloxalene RS 
USP Potassium Perchlorate RS 
USP Pyrethrum Extract RS 
USP Sargramostim RS 
USP Sulisobenzone RS 
USP t.' -tetrahydrocannabinol RS 
USP t.9-tetrahydrocannabinol RS 
USP Thiacetarsamide RS 
USP Tiletamine Hydrochloride RS 
USP Tilmicosin RS 
USP Tinidazole RS 
USP Tinidazole Related Compound A RS 
USP Tinidazole Related Compound B RS 
USP Trenbolone RS 
USP Trenbolone Acetate RS 
USP Tylosin RS 
USP Powdered Valerian RS 
USP Vasopressin RS 
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USP 26 MONOGRAPHS 
Clavulanate Potassium 

Change to read: 
Limit of clavam-2-carboxylate potassium-

Mobile phase-Prepare 0. 1 M monobasic sodium phosphate, ad
just with phosphoric acid to a pH of 4.0 ± 0.1, and pass through a 
membrane filter having a 0.5-µm or finer porosity. Make adjust
ments if necessary (see System Suitability under Chromatography 
(62 1)). 

Standard solution-Dissolve USP Clavam-2-Carboxylate Po
tassium RS in water to obtain a solution having a known concen
tration of about • 5 µg per mL .• 1 

Test solution-Transfer about I 00 mg ofClavulanate Potassium, 
accurately weighed, to a I 0-mL volumetric flask, dissolve in and 
dilute with water to volume, and mix. 

• e l 
Chromatographic system (see Chromatography (62 1))- The 

liquid chromatograph is equipped with a 210-nm detector and a 
4-mm x 30-cm column that contains 3- to I 0-µm packing LI . 
The flow rate is about 0.5 mL per minute. Chromatograph the Stan
dard solution, and record the peak responses as directed for Proce
dure: the column efficiency is not less than 4000 theoretical plates; 
the tailing factor is not more than 1.5; and the relative standard de
viation for replicate injections is not more than • 5% .• 1 

Procedure-Separately inject equal volumes (about 20 µL) of 
the Standard solution and the Test solution into the chromatograph, 
record the chromatograms, and measure the responses for the ma
jor peaks. The relative retention times are about 0.7 for clavam-2-
carboxylic acid and 1.0 for clavulanic acid. Calculate the percen
tage of clavam-2-carboxylate potassium in the specimen taken by 
the formula: 

• (C/W)(rul rs), . 1 

in which C is the concentration, in • µg per mL,. 1 of clavam-2-car
boxylate potassium in the Standard solution; Wis the quantity, in 
mg, of Clavulanate Potassium taken to prepare the Test solution; 
and ru and rs are the clavam-2-carboxylic acid peak responses ob
tained from the Test solution and the Standard solution, respective
ly: not more than 0.0 I% is found. 

Dipyridamole Tablets 

Change to read: 
Dissolution p 11 )-

Medium: •o. I N. 1 hydrochloric acid; 900 mL. 
Apparatus 2: 50 rpm. 
Time: 30 minutes. 
Procedure-Determine the amount of C24H40N 8O 4 dissolved by 

employing UV absorption at the wavelength of maximum absor
bance at about 282 nm on filtered portions of the solution under 
test, suitably diluted with Dissolution Medium, if necessary, in 
comparison with a Standard solution having a known concentra
tion of USP Dipyridamole RS in the same Medium. 

Tolerances-Not less than 70% (Q) of the labeled amount of 
C24H40NsO4 is dissolved in 30 minutes. 

Etoposide 

Change to read: 
USP Reference standards ( 11 )-USP Etoposide RS. USP Etopo
side • Resolution Mixture. 1 RS. 

Change to read: 
Assay-

Buffer solution-Dissolve 5.44 g of sodium acetate in 2000 mL 
of water, adjust with glacial acetic acid to a pH of 4.0, and filter. 

Mobile phase-Prepare a filtered and degassed mixture of Buffer 
solution and acetonitrile (74:26). Make adjustments if necessary 
(see System Suitability under Chromatography (621)). 

Standard preparation-Dissolve an accurately weighed quantity 
of USP Etoposide RS in acetonitrile to obtain a Standard stock 
solution having a known concentration of about 2.0 mg per mL. 
Transfer 5.0 mL of this Standard stock solution to a 50-mL volu
metric flask , dilute with Mobile phase to volume, and mix. 

System suitability solution-Dissolve an accurately weighed 
quantity of USP Etoposide • Resolution Mixture RS in Mobile 
~hase. 1 to obtain a solution having a known concentration of 

0.3. 1 mg per mL. • e l 

Assay preparation- Transfer about I 00 mg of Etoposide, ac
curately weighed, to a 50-mL volumetric flask, dissolve in and di
lute with acetonitri le to volume, and mix. Transfer 5.0 mL of this 
solution to a 50-mL volumetric flask , dilute with Mobile phase to 
volume, and mix. 

Chromatographic system (see Chromatography (621 ))--The 
liquid chromatograph is equipped with a 254-nm detector and a 
3.9-mm x 30-cm column that contains packing LI 1. The flow rate 
is about I mL per minute. Chromatograph the System suitability 
solution • • 1 and record the peak responses as directed for Proce
dure: the resolution, R, between the etoposide and • cx-etoposide. 1 
peaks is not less than 1.35. • chromatograph the Standard prepa
ration , and record the peak responses as directed for Procedure:. 1 

the relative standard deviation for • e l replicate injections is not 
more than 2.0%. 

Procedure-Separately inject equal volumes (about 20 µL) of 
the Standard preparation and the Assay preparation into the chro
matograph , and allow the Assay preparation to elute for not less 
than 1.5 times the retention time of etoposide. Record the chroma
tograms, and measure the responses for all the peaks. Calculate the 
quantity, in mg, of C29H320 13 in the portion of Etoposide taken by 
the fonnula : 

500C(rul rs), 

in which C is the concentration, in mg per mL, of USP Etoposide 
RS in the Standard preparation; and ru and rs are the etoposide 
peak responses obtained from the Assay preparation and the Stan
dard preparation, respectively. 

Octisalate 
Former title: Octyl Salicylate 

Change to read: 
Chromatographic purity-

Test solution-Use the Assay preparation. 
Chromatographic system-Proceed as directed in the Assay. To 

evaluate the system suitability requirements, use the Standard 
preparation prepared as directed in the Assay. 
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Procedure-Inject a volume (about I µL) of the Test solution 
into the chromatograph, record the chromatogram, and measure 
all of the peak responses. Calculate the percentage of each impurity 
in the portion of Octisalate taken by the formula: 

I00(r/ r,), 

in which r; is the peak response for each impurity; and r, is the sum 
of the responses of all the peaks: not more than • o.5%. 1 of any 
individual impurity is found; and not more than • 2.0%. 1 of total 
impurities is found. 

Paclitaxel 

Change to read: 
Packaiing and storage- Preserve in tight, light-resi stant con
tainers , and store between 20° and 25° .• 1 

Change to read: 
Related compounds-

TEST 1 (for material labeled as isolated from natural sources)
lf the material complies with this test, the labeling indicates that it 
meets USP Related compounds Test 1. 

Diluent-Prepare as directed in the Assay. 
Solution A-Prepare filtered and degassed acetonitrile. 
Solution B-Prepare filtered and degassed water. 
Mobile phase-Use variable mixtures of Solution A and Solution 

B as directed for Chromatographic system. Make adjustments if 
necessary (see System Suitability under Chromatography (621 )). 

System suitability solution-Dissolve accurately weighed quan
tities of USP Paclitaxel Related Compound A RS and USP Pacli
taxel Related Compound B RS in methanol to obtain a solution 
having known concentrations of about IO µg of each per mL. 
Transfer 5.0 mL of this solution to a 50-mL volumetric flask, dilute 
with Diluent to volume, and mix. 

Standard solution-Dissolve, with the aid of sonication, an ac
curately weighed quantity of USP Paclitaxel RS in Diluent, and 
dilute quantitatively, and stepwise if necessary, with Diluent to ob
tain a solution having a known concentration of about 5 µg per mL. 

Test solution-Use the Assay preparation . 
Chromatographic system (see Chromatography (621 ))- The 

liquid chromatograph is equipped with a 227-nm detector and a 
4.6-mm x 25-cm column that contains 5-µm packing L43. The 
flow rate is about 2.6 mL per minute. The column temperature is 
maintained at 30°. The chromatograph is programmed as follows . 

Time Solution A Solution B 
(minutes) (%) (%) Elution 

0-35 35 65 isocratic 
35-{i0 35--.80 65--.20 linear gradient 
60- 70 80--.35 20--.65 linear gradient 
70-80 35 65 isocratic 

Chromatograph the System suitability solution, and record the peak 
responses as directed for Procedure: the relative retention times are 
about 0.78 for paclitaxel related compound A and 0.86 for pacli
taxel related compound B (relative to the retention time for pacli
taxel obtained from the Test solution); and the resolution, R, 

between paclitaxel related compound A and paclitaxel related com
pound B is not less than 1.0. Chromatograph the Standard solution, 
and record the peak responses as directed for Procedure: the rela
tive standard deviation for replicate injections is not more than 
2.0%. 

Procedure-inject a volume (about 15 µL) of the Test solution 
into the chromatograph, record the chromatogram, and measure the 
areas for the major peaks. Calculate the percentage of each impu
rity in the portion of Paclitaxel taken by the formula: 

I00(Fr;f ru), 

in which F is the relative response factor for each impurity peak 
(see Table I for values); r, is the peak area for each individual im
purity; and ru is the peak area for paclitaxel. 

Table I 

Relative Relative Re-
Retention sponse Fae- Limit 

Time tor (F) Name (%) 

0.24 1.29 Baccatin II1 0.2 
0.53 1.00 I 0-Deacetylpaclitaxel 0.5 
0.57 1.00 7-Xylosylpaclitaxel 0.2 
0.78 1.26 Cephalomannine (paclitaxel a1

1 

related compound A) 
a2

1 
0.78 1.26 2'.' ,3" -Dihydrocephaloman-

nme 
0.86 1.00 1 0-Deacetyl-7-epipaclitaxel 0.5 

(paclitaxel related compound 
B) 

b 2 1.10 1.00 Benzyl analog3 
12 

I.IO 1.00 3",4" -Dehydropaclitaxel C b2 
1.40 1.00 7-Epicephalomannine 0.3 
1.85 1.00 7-Epipaclitaxel 0.5 

1 Resolution may be incomplete for these peaks depending upon the relative 

amounts present; the sum of a, and a, is not more than 0.5%. 
2 Resolu tion may be incomplete for these peaks depending upon the relative 

amounts present; the sum of b1 and b2 is not more than 0.5%. 
3 TI1e following chemical name is assigned to the related compound, benzyl ana

log: Baccatin Ill 13-ester with (2R,3S)-2-hydroxy-3-phenyl-3-(2-phenylacetyla

mino )propanoic acid. 

In addition to not exceeding the limits for paclitaxel related impu
rities in Table 1, not more than 0.1 % of any other single impurity is 
found; and not more than 2.0% of total impurities is found. 

TEST 2 (for material labeled as produced by a semi-synthetic 
process)-lf the material complies with this test, the labeling indi
cates that it meets USP Related coinpounds Test 2. 

Diluent-Use acetonitrile. 
Solution A-Use a filtered and degassed mixture of water and 

acetonitrile (3:2). 
Solution B-Use filtered and degassed acetonitrile. 
Mobile phase-Use variable mixtures of Solution A and Solution 

B as directed for Chromatographic system. Make adjustments if 
necessary (see System Suitability under Chromatography (621)). 

System suitability solution-Dissolve accurately weighed quan
tities of USP Paclitaxel RS and USP Paclitaxel Related Compound 
B RS in Diluent, using shaking and sonication if necessary, to ob
tain a solution having known concentrations of about 0.96 mg and 
0.008 mg per mL, respectively. 
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Test solution-Transfer about 10 mg of Paclitaxel , accurately 
weighed, to a I 0-mL volumetric flask, dissolve in and dilute with 
Diluent to volume, using shaking and sonication if necessary, and 

mix. 
Chromatographic S)lStem _(see Chromatography (62 1))-The 

liquid chromatograph 1s equipped with a 227-nm detector and a 
4.6-mm x 15-cm column that contains 3-µm packing LI. The 
flow rate is about 1.2 mL per minute. The column temperature is 
maintained at 35°. The chromatograph is programmed as follows . 

Time Solution A Solution B 
{minutes) (%) (%) Elution 

0-20 I 00 0 isocratic 
20-60 I 00-> 10 0->90 linear gradient 
60-62 10->100 90-+0 linear gradient 
6_2-10 I 00 0 isocratic 

Chromatograph the System suitability solution, and record the peak 
responses as directed for Procedure: the relative retention times are 
about 0.94 for paclitaxel related compound B and 1.0 for paclitax
el; the resolution, R, between paclitaxel related compound B and 
paclitaxel is not less than 1.2; and the relative standard deviation 
for replicate injections is not more than 2.0%. 

Procedure-Separately inj ect equal volumes (about 15 µL) of 
the Diluent and the Test solution into the chromatograph, record 
the chromatograms, and measure the areas for all of the peaks. Dis
regard any peaks due to the Diluent. Calculate the percentage of 
each impurity in the portion of Paclitaxel taken by the formula: 

I OO(Fr;I r,), 

in which F is the relative response factor for each impurity (see 
Table 2 for values); r; is the peak area for each impurity obtained 
from the Test solution; and r, is the sum of the areas of all the peaks 
obtained from the Test solution. In addition to not exceeding the 
limits for paclitaxel related impurities in Table 2, not more than 
0.1 % of any other single impurity is found; and not more than 
2.0% of total impurities is found. 

Table 2 

Relative Relative Re-
Retention sponse factor Limit 

Time (F) Name (%) 

0.1 1 1.24 10-Deacetylbaccatin III 0.1 
0.20 1.29 Baccatin llI • 0.2. 1 
0.42 1.39 Photodegradant2 0.1 
0.47 1.00 I 0-Deacetylpaclitaxel 0.5 
0.80 1.00 2-Debenzoylpac l i taxel-2- 0.7 

0.921 
pentenoate 

1.00 Oxetane rin¥ opened, acetyl X 1 

0.92 1 
and benzoyl 

1.00 I 0-Acetoacetylpaclitaxel Xi 

0.941 1.00 I O-Deacetyl-7-epipaclitaxel X3 

(paclitaxel related compound 
B) 

1.37 1.00 7-Epipaclitaxel 0.4 
1.45 1.00 I 0, 13-Bissidechainpaclitax- 0.5 

el2 

1.54 1.00 7-Acetylpaclitaxel 0.6 
18-0 1.75_ . 13-Tes-baccatin Ill 0.1 

Relative 
Retention 

Time 
2.14 

Relative Re
sponse factor 

0. Name 
1.00 _ 7-Tes-im,clitaxe.l 

Limit 
lli2 
0.3 

1 Resolution may be incomplete for these peaks depending upon the relative 

amounts present; the sum of x11 xJJ and xl is not more than 0.4%. 
2 The following chemical names are assigned to the related compounds Photode
gradant, Oxetane ring opened, acetyl and benzoyl, and 10,13-Bissidechainpaclitax

el: 

Photode!,!radant 
( IR,2R,4S,5S,7 R, I OS, I JR, 12S, l 3S, JSS, 16S)-2, I O-diacetyloxy-5, 13-di
hydroxy-4, 16, 17, 17-tetramethyl-8-oxa-3-oxo- 12-phenylcarbonyloxy
pentacyclo[l l .3 . l .O'·" .O'·11 .O' ·10Jheptadec- l 5-yl (2R,3S)-2-hydroxy-3-
phenyl-3-(phenylcarbonylamino)propanoate 

Oxetane tini: opened acetyI and benzoyl mi l,!rated 
( I S,2S,3R,4S,5S, 7 S,8S, I OR, 13S)-5 , I O-diacetyloxy- 1,2,4,7-tetrahydroxy-
8, 12, 15 , 15-tetramethyl-9-oxo-4-(phenylcarbonyloxymethyl)tricy

clo[9.3 . l .O'·'Jpentadec- l l-en-13-yl (2R,3S)-2-hydroxy-3-phenyl-3-(phe
nylcarbonylamino )propanoate 

IO 13-bjssjdechainpacjjtaxeI 
Baccatin lII 13-ester with (2R,3S)-2-hydroxy-3-phenyl-3-(phenylcarbo
nylamino)propanoic acid, I O-ester with (2S,3S)-2-hydroxy-3-phenyl-3-
(phenylcarbonylamino )propanoic acid 

Propoxyphene Napsylate Oral 
Suspension 

Change to read: 
Assay-

Diethylarnine phosphate buffer, Diluent, Mobile phase, 
Standard preparation, and Chromatographic system-Proceed as 
directed in the Assay under Propoxyphene Napsy/ate •Tab/ets. 1• 

Assay preparation-Transfer an accurately weighed quantity of 
the well-mixed Oral Suspension, equivalent to about 50 mg ofpro
poxyphene napsylate monohydrate, to a 100-mL volumetric flask. 
Dissolve in and dilute with a solution of acetonitrile in water (2 in 
5) to volume, and mix. Further dilute 10.0 mL of the resulting solu
tion to 50 mL with the solution of acetonitrile in water (2 in 5). 

Procedure-Separately inject equal volumes (about 20 µL) of 
the Standard preparation and the Assay preparation into the chro
matograph, record the chromatograms, and measure the areas for 
the propoxyphene peaks. Calculate the quantity, in mg, of propox
yphene napsylate (C22H29N02 · C10Hs03S · H20) in each mL of the 
Oral Suspension taken by the formula: 

(565.72 I 547.72)500C(D I W u)(ru l r5), 

in which 565.72 and 547.72 are the molecular weights ofpropox
yphene napsylate and anhydrous propoxyphene napsylate, respec
tively; C is the concentration, in mg per mL, of anhydrous USP 
Propoxyphene Napsylate RS in the Standard preparation; D is 
the density, in g per mL, of the Oral Suspension; Wu is the weight, 
in g, of the Oral Suspension taken; and ru and rs are the peak re
sponses obtained from the Assay preparation and the Standard 
preparation, respectively. 
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Propoxyphene N apsylate Tablets 

Change to read: 
Dissolution (711 )-

Medium: pH 4.5 acetate buffer, prepared as directed in the Dis
solution test under Propoxyphene Hydrochloride, Aspirin, and 

Caffeine Capsules; 500 mL. 
Apparatus I : 100 rpm. 
Time: 60 minutes. 

Detennine the amount of C22H29NO2 · C 10H8O3S · H2O dis

solved by employing the following method. 
Diethylamine phosphate buffer, Mobile phase, and Chromato

graphic system-Proceed as directed in the Assay. • . , 
Standard solution-Dissolve an accurately weighed quantity of 

USP Propoxyphene Napsylate RS in Dissolution Medium to obtain 
a solution having a known concentration of about 0.1 mg per mL. 

Test solution-Quantitatively dilute a filtered portion of the solu
tion under test with Dissolution Medium to obtain a solution hav
ing a concentration of about 0.1 mg of propoxyphene napsylate per 

mL. 
Procedure-Separately inject equal volumes (about 20 µL) of 

the Standard solution and the Test solution into the chromatograph, 
record the chromatograms, and measure the areas for the propox
yphene peaks . Calculate the quantity, in mg, of C22H29NO2 • -

C10HsO3S · H20 dissolved by the formula: 

(565. 72 / 547 .72)500CD(rul rs), 

in which 565.72 and 547.72 are the molecular weights of propox
~phene napsylate and an~ydr?us propoxyphene napsylate, respec
llvely; C 1s the_ concentration, m mg per mL, of USP Propoxyphene 
Napsylate RS m the Standard solution; Dis the dilution factor used 
to prepare the Test solution; and ru and rs are the peak responses 
obtained from the Test solution and the Standard solution , respec
tively. 

Tolerances-Not Jess than 75% (Q) of the labeled amount of 

C22H29NO2 · C10HsO3S · H2O is dissolved in 60 minutes. 

Change to read: 
Assay-

_•Diethylamine phosphate buffer-Mix 5.0 mL of diethylamine 
with 995 mL of water, and adjust with phosphoric acid to a pH of 
3.2. 

Diluent-Prepare a mixture of Diethylamine phosphate buffer 
and acetonitrile ( 4: I). 

Mobile phase-:Pi:epare a mix~re of Diethylamine phosphate 
buffer and acetomtr1le (3 :2). Somcate for I 5 minutes, and pass 

through a filter havmg a 0.5-µm or finer porosity. Make adjust
ments 1f necessary (see System Suitability under Chromatography 
(621 )). 

Standard preparation-Dissolve an accurately weighed quantity 
of USP Propoxyphene Napsylate RS in Diluent to obtain a solution 
having a known concentration of about 0.1 mg per mL..1 

Assay preparation- Weigh and finely powder not fewer than 20 

Tab~ets. Transfer an accurately weighed portion of the powder, 
eqmv~lent to about 5 Tablets, to a 1000-mL volumetric flask. Dis
solve m and dilute with Diluent to volume, and mix. Further dilute 
10.0 mL of the resulting solution with Diluent, mix, and filter or 
centrifuge to obtain a clear solution having a concentration of 
about 0.1 mg per mL. 
. • c;:hromatographic system (see Chromatography (62 1)}--The 

liquid chromatograph is equipped with a 217-nm detector and a 
3.9-mm x 30-cm column containing packing Ll. The flow rate 
is about I mL per minute. Chrom_atograph the Standard prepara
/lon, and record the responses as d1rected_for Procedure: the tailing 

factor 1s not more than 1.5; and the relative standard deviation for 
replicate injections is not more than 2.0% .• 1 

Procedure-Separately inject equal volumes (about 20 µL) of 
the Standard preparation and the Assay preparation into the chro
matograph, record the chromatograms, and measure the areas for 
the propoxyphene peaks. Calculate the quantity, in mg, of propox
yphene napsylate (C22H29NO2 · C 10H8O3S · H2O) in the portion of 
the Tablets taken by the formula: 

(565.74 I 547.72)1 000CD(rul r5), 

in which 565.74 and 547.72 are the molecular weights ofpropox
yphene napsylate monohydrate and anhydrous propoxyphene nap
sylate, respectively; C 1s the concentration, in mg per mL, of USP 
Propoxyphene Napsylate RS in the Standard preparation; Dis the 
dilution factor used to P:epare the Assay preparation; and ru and rs 
are the responses obtained from the Assay preparation and the 
Standard preparation, respectively. 

Propoxyphene N apsylate and 
Acetaminophen Tablets 

Change to read: 
Dissolution (7 1 I)-

Medium: pH 4.5 acetate buffer, prepared as directed in the test 
for Dissolution under Propoxyphene Hydrochloride, Aspirin, and 
Caffeine Capsules; 500 mL. 

Apparatus I: 100 rpm. 
Time: 60 minutes. 
Determine the amount ofpropoxyphene napsylate monohydrate 

(C22H29NO2 · C10H8O3S · H2O) dissolved by employing the follow
mg method. 

Diethylamine phosphate buffer, Mobile phase, and Chromato
graphic system-Proceed as directed in the Assay under Propoxy
phene Napsylate • Tablets. 1• 

Standard solution-Transfer about 10 mg of USP Propoxyphene 
Napsylate RS _and about l0Jmg of USP Acetaminophen RS, both 
accurately weighed, to a I 00-mL volumetric flask, Jbeing the ratio 
of the labeled amount, in mg, of acetaminophen to the labeled 
amount, in mg, of propoxyphene napsylate in each Tablet. Dis
solve in and dilute with Dissolution Medium to volume, and 
mix. This solution contains about 0.1 mg of USP Propoxyphene 
Napsylate RS and 0. IJ mg of USP Acetaminophen RS per mL. 
[NOTE- Retain a portion of this solution for use in preparing the 
Standard solution when determining the amount of acetaminophen 

dissolved.) 
Test solution and Procedure- Proceed as directed in the Disso

lution test under Propoxyphene Napsylate Tablets. 
Determine the amount of acetaminophen (C8H9NO2) dissolved 

by employing the following method. 
Diethylamine phosphate buffer-Prepare as directed in the As

say under Propoxyphene Napsylate • Tablets. ,. 
Mobile phase, Chromatographic system, and Procedure-Pro

ceed as directed in the Assay for acetaminophen. 
Standard solution A-Transfer 10.0 mL of the Standard solution 

to a 100-mL volumetric flask, dilute with Dissolution Medium to 
volume, and mix. This solution contains about 0.0JJ mg of USP 

Acetaminophen RS per mL. 
Test solution A-Quantitatively dilute a filtered portion of the 

solution under test with Dissolution Medium to obtain a solution 
having a concentration of about 0.0IJ mg of acetaminophen per 

mL. 
Tolerances-Not less than 75% (Q) of the labeled amounts of 

C22H29NO2 · C10HsO3S · H2O and C8H9NO2 is dissolved in 60 min
utes. 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 

Ph, 
Vol 

Ch, 
Ass: 

D 
Chn 
ProJ 

S, 
phe1 
both 
ratic 
amo 
solv 
cont 
0. IJ 
tion 
mine 

A. 
Ass, 
port 
mine 

Chi 
Ass: 

D 
say · 

M 
buffi 
thro1 
men 
(62 1 

St 
arat, 
late 
volu 
Acet 

Ai 
prep 
100-
mix. 

C 
liqui 
3.9-1 
is ab 
tion, 
factc 
repli 

P, 
the.5 
mate 



Pharmacopeial Forum 
Vol. 29(1) [Jan.-Feb. 2003] FIRST INTERIM REVISION ANNOUNCEMENT 33 

Change to read: 
Assay for propoxyphene napsylate--

Diethylamine phosphate buffe,; Diluent, Mobile phase, and 
Chromatographic system-Proceed as directed in the Assay under 
Propoxyphene Napsylate • rablets. 1• 

Standard preparation-Transfer about IO mg of USP Propoxy
phene Napsylate RS and about I OJ mg of USP Acetaminophen RS, 
both accurately weighed, to a I 00-mL volumetric flask, ]being the 
ratio of the labeled amount, in mg, of acetaminophen to the labeled 
amount, in mg, of propoxyphene napsylate in each Tablet. Dis
solve in and dilute with Diluent to volume, and mix . This solution 
contains about 0.1 mg of USP Propoxyphene Napsylate RS and 
0. 11mg of USP Acetaminophen RS per mL. [NOTE- Retain a por
tion of the Standard preparation for use in the Assay for aceta
minophen.] 

Assay preparation and Procedure- Proceed as directed in the 
Assay under Propoxyphene Napsylate Tablets. [NOTE- Retain a 
portion of the Assay preparation for use in the Assay for aceta
minophen.] 

Change to read: 
Assay for acetaminophen-

Diethylamine phosphate buffer-Prepare as directed in the As
say under Propoxyphene Napsylate • rablets. 1• 

Mobile phase-Prepare a mixture of Diethy /amine phosphate 
buffer and acetonitrile ( 4: 1 ). Sonicate for 15 minutes, and pass 
through a filter having a 0.5-µm or finer porosity. Make adjust
ments if necessary (see System Suitability under Chromatography 
(62 1 )). 

Standard preparation-Transfer I 0.0 mL of the Standard prep
aration prepared as directed in the Assay for propoxyphene napsy
late to a 100-mL volumetric flask, dilute with Mobile phase to 
volume, and mix. This solution contains about 0.011 mg of USP 
Acetaminophen RS per mL. 

Assay preparation-Transfer I 0.0 mL of the Assay preparation 
prepared as directed in the Assay for propoxyphene napsylate to a 
I 00-mL volumetric flask, dilute with Mobile phase to volume, and 
mlX. 

Chromatographic system (see Chromatography (621 ))- The 
liquid chromatograph is equipped with a 245-nm detector and a 
3.9-mm x 30-cm column containing packing LI . The flow rate 
is about 1 mL per minute. Chromatograph the Standard prepara
tion , and record the responses as directed for Procedure: the tailing 
factor is not more than 1.5; and the relative standard deviation for 
replicate injections is not more than 2.0%. 

Procedure-Separately inject equal volumes (about 20 µL) of 
the Standard preparation and the Assay preparation into the chro
matograph, record the chromatograms, and measure the areas for 

the acetaminophen peaks. Calculate the quantity, in mg, of aceta
minophen (C8H9N02) in the portion of Tablets taken by the for
mula: 

5000CD(rul rs) , 

in which C is the concentration, in mg per mL, of USP Aceta
minophen RS in the Standard preparation; D is the dilution factor 
used to prepare the Assay preparation in the Assay for propoxy
phene napsylate; and ru and rs are the peak responses obtained 
from the Assay preparation and the Standard preparation, respec
tively. 

GENERAL CHAPTERS 

General Tests and Assays 

General Requirements for 
Tests and Assays 

( 11) USP REFERENCE 
STANDARDS 

Change to read: 
USP Cetyl Palmitate RS- Do not dry before using. • store at 
room temperature not exceeing 30°. Protect from !ight.. 1 

Change to read: 
USP Propylene Glycol RS- Do not dry before using. • starting 
with Lot I label as: Do not dry before using. After opening ampul, 
transfer to a tightly closed container.. 1 
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GENERAL CHAPTERS 

General Information 
Add the following: 

•(1196) PHARMACOPEIAL 
HARMONIZATION 

This general information chapter provides information about the 
concept ofhannonization by the Pharmacopeial Discussion Group 
(PDG). The chapter provides: (I) the PDG Policy Statement; (2) 
the PDG Working Procedures; (3) a discussion; (4) a status report; 
and (5) a glossary. 

HARMONIZATION POLICY 

The following policy statement was concluded by the PDG at its 
September 2002 meeting. 

General Information 

In 1989, the PDG was formed with representatives from the Eur
opean Directorate for the Quality of Medicines in the Council of 
Europe, the United States Pharmacopeial Convention, Inc., and 
the Japanese Pharmacopoeia in the Ministry of Health and Wel
f~re- now the Ministry of Health, Labor, and Welfare (MHLW). 
Smee that time, the PDG generally meets twice a year to work 
on pharmacopeial harmonization topics. In May 2001, the PDG 
welcomed the World Health Organization as an observer. While 
not part of the International Conference on Hannonization of Tech
nical Requirements for Registration of Pharmaceuticals for Human 
Use (!CH), the PDG usually meets in conjunction with the !CH and 
provid_es the !CH Steering Committee with reports of its progress. 
To facilitate hannonization of some !CH Quality guidelines and the 
Quality section of the Common Technical Document, the PDG re
p_resentatives sometimes attend !CH expert working group discus
s10ns as observers. 

Purpose 

A pharmacopeial monograph for an active ingredient or excipi
ent, preparation , or other substance used in the manufacture or 
compounding of a medicinal product generally provides a name, 
definition, description, and sometimes packaging, labeling, and 
storage statements. Thereafter, the monograph provides tests, pro
cedures, and acceptance criteria that constitute the specification. 
For frequently cited procedures, a monograph may refer to a gen
eral chapter for editorial convenience. The PDG works to harmo
nize excipient monographs and general chapters. This will reduce 
manufacturers' burden of performing analytical procedures in dif
ferent ways, using different acceptance criteria. At all times, the 
PDG works to maintain an optimal level of science consistent with 
protection of the public health. 

Definition of Harmonization 

The PDG has defined harmonization of a pharmacopeial mono
graph or general chapter as follows: 

"A _pharmacopeial general chapter or other pharmacopeial docu
ment 1s harmonized when a pharmaceutical substance or product 
tested by the document's harmonized procedure yield the same re
sults and the same accept/reject decision is reached." 

When using a fully harmonized pharmacopeial monograph or 
general chapter, an analyst will perform the same procedures and 
reach the same accept/reject decisions irrespective of which PDG 
pharmacopeia is referenced. This approach is called interchange
ability, and each pharmacopeia will identify, in an appropriate 
manner, such a monograph or general chapter. 

When full harmonization of a pharrnacopeial monograph or 
general chapter is not possible, the PDG works to harmonize it 
using an approach termed harmonization by attribute. According 
to this approach, some elements of a monograph or general chapter 
may be hannonized, but others may not. When a monograph is har
monized by attribute, a combination of approaches is needed. For 
nonhannonized elements, reliance on the individual PDG pharma
copeia is needed. 

Process 

Harmonization of pharmacopeial documents in the PDG occurs 
based upon decisions of the expert bodies of each phannacopeia. 
The PDG works transparently in many ways, including, principally 
through the public notice and comment procedures of each phar
macopeia. The details are described below under PDG Working 
Procedures. 

Implementation 

The implementation of a harmonized document varies in the 
three PDG regions, depending upon their legal requirements, need 
of translation, and publication schedules. Each pharmacopeia gen
erally allows some period of time after publication to implement 
official harmonized texts to allow manufacturers and other users 
to achieve conformity. Harmonization is not achieved until the text 
becomes official in all three pharmacopeias. 

Revision of Harmonized Monographs 

The pharmacopeias participating in the PDG have agreed not to 
revise unilaterally any harmonized document after publication . 
Should revisions be necessary for any appropriate reasons, the in
itiating pharmacopeia notifies the PDG, and revision proceeds ac
cording to the PDG Working Procedures. 

PDG WORKING PROCEDURES 

General 

Harmonization may be carried out retrospectively for existing 
monographs or chapters or prospectively for new monographs or 
chapters. 

The three phannacopeias have a commitment to respect the 
agreed working procedures and the associated time deadlines as 
an essential part of the harmonization procedure. 
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Harmonization of pharmacopeial documents in the PDG occurs 
based on decisions of the expert bodies of each pharmacopeia. The 
PDG works transparently in many ways, including, principally 
through the public notice and comment procedures of each phar
macopeia. 

Where necessary, meetings of experts are held to identify poten
tial solutions to resolve difficult problems. 

The specific stages of the PDG process involved in harmoniza
tion are described below. 

Stage 1: Identification 

Based on inquiry among its users , the PDG identifies subjects to 
be harmonized among PDG pharmacopeias and nominates a coor
dinating pharmacopeia for each subject. 

The PDG distributes the work by consensus among the three 
pharmacopeias and strives for a balance in the distribution of co
ordinating pharmacopeia assignments. 

Stage 2: Investigation 

For a-subject to be hannonized retrospectively, the coordinating 
phannacopeia collects the information on the existing specifica
tions in the three pharmacopeias, on the grades of products mar
keted, and on the potential analytical procedures. 

The coordinating pharmacopeia prepares a draft monograph or 
chapter, accompanied by a report giving the rationale for the pro
posal with validation data. 

Stage 2 ends with the proposal draft, which is mentioned in this 
procedure as a Stage 3 draft. The Stage 3 draft, accompanied by 
supporting comments or data that explain the reasons for each test 
procedure or limit proposed, is sent by the coordinating pharmaco
peia to the secretariats of the other two PDG pharmacopeias. 

Stage 3: Proposal for Expert Committee Review 

The three pharmacopeias forward the Stage 3 draft to their ex
pert committee (through meetings or consultation by correspon
dence). 

Comments by the experts resulting from this preliminary survey 
are sent to their respective pharmacopeial secretariat, preferably 
within 2 months. However, the comment period should not exceed 
4 months. Within 2 months of receipt of the comments, the phar
macopeial secretariat should consolidate the comments and for
ward them to the coordinating pharmacopeia. 

The coordinating pharmacopeia reviews the comments received 
and prepares a harmonized document (Stage 4 draft) accompanied 
by a commentary discussing comments received regarding the pre
vious text and providing reasons for action taken in response to 
those comments. 

The Stage 4 draft, as far as possible written in global style- a 
style easily understood by a variety of readers- together with the 
commentary, are sent to the secretariats of the other pharmacopeias 
(end of Stage 3). 

Stage 4: Official Inquiry 

The Stage 4 draft and the commentary are published in the revi
sion document of each pharmacopeia in a section entitled Interna
tional Harmonization. The draft is published in its entirety. 

The corresponding secretariats may have to add information es
sential to the understanding of the implementation of the texts (e.g., 
the addition of the description of an analytical procedure or of re
agents that do not exist in the pharmacopeia) and a translation is 
added by the European and Japanese Pharmacopoeias. The style 
may be adapted to that of the pharmacopeia concerned or global 
style may be used. The three pharmacopeias endeavor to publish 
the drafts simultaneously or as closely as possible. 

Comments regarding this draft are sent by readers of the revision 
document to their respective pharmacopeial secretariat, preferably 
within 4 months, and at most within 6 months of its publication. 

Each pharmacopeia analyzes the comments received and sub
mits its consolidated comments to the coordinating pharmacopeia 
within 2 months of the end of the review/comment period. 

The coordinating pharmacopeia reviews the comments received 
and prepares a draft harmonized document (Stage SA draft), ac
companied by a commentary discussing comments received re
garding the previous text and providing reasons for action taken 
in response to those comments. 

The Stage SA draft together with the commentary is sent to the 
secretariats of the other two PDG pharmacopeias. 

Stage 5. Consensus 

SA. PROVISIONAL 

The Stage SA draft is reviewed and commented on by the other 
two PDG pharmacopeias within 4 months of receipt. The three 
pharmacopeias shall do their utmost to reach full agreement at this 
stage to reach a final consensus document. 

If a consensus has not been reached, the coordinating pharma
copeia prepares a revised version (Stage SA/2), taking relevant, 
substantiated comments on the Stage SA document from the two 
other pharmacopeias into consideration. The revised document 
(Stage SA/2), together with the commentary, are sent to the secre
tariats of the other two PDG pharmacopeias. The revised document 
is reviewed and commented on by the other two PDG pharmaco
peias, preferably within 2 months of receipt. This review/comment 
and revision process of the SA document are repeated (Stage SA/n) 
until the three PDG pharmacopeias reach a consensus or until the 
coordinating pharmacopeia considers that harmonization by attri
bute should be applied. 

If the coordinating pharmacopeia considers certain attributes in 
the monograph or provisions in a general chapter (especially for 
retroactive harmonization) are such that it will not be possible to 
harmonize within a reasonable time period, harmonization by attri
bute will be applied. If harmonization by attribute is applied, a spe
cial cover page (see the table in the Appendix ) indicating 
harmonization is included with the draft. The text contains only 
harmonized attributes/provisions; nonharrnonized and local attri
butes are not included. The table is prepared as follows : if three 
pharmacopeias agree on the attribute, there will be a ( +) in all col
umns; if two pharmacopeias agree that the attribute should be in
cluded and have agreed on the method and limit, there will be a (+) 
in the column for those two pharmacopeias, and a(- ) in the column 
for the pharmacopeia that will not stipulate the test. 

For nonharmonized or local requirements, if three pharmaco
peias agree that the attribute should be included, but have not come 
to agreement on the method and/or limit: state attribute under 
" nonharmonized attributes." If only one pharrnacopeia will in
clude an attribute: state under " local requirement." 

If the Stage SA draft is substantially different from the Stage 4 
draft, the PDG may decide that it should be published again in the 
revision documents; the draft then reverts technically to Stage 4, 
revised. 
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5B. DRAFT SIGN-OFF 

When full agreement is reached, the 5B draft is sent by the co
ordinating pharmacopeia to the other phannacopeias no later than 4 
weeks before a PDG meeting for final confirmation. The document 
is then presented for sign-off at the PDG meeting. 

NOTE- The last two stages of the implementation of the " har
monized" chapters and monographs take place individually ac
cording to the procedures established by each pharmacopeial 
organization. 

Stage 6: Adoption 
The document is submitted for adoption to the organization re

sponsible for each pharmacopeia. Each pharmacopeia incorporates 
the harmonized draft according to its own procedures. 

Adopted texts are published by the three pharmacopeias in their 
supplements, or where applicable, in a new edition. 

If necessary, the Stage 5B draft may be adopted with some 
amendments (local requirements) corresponding to a general pol
icy in the national or regional (European) area. If a pharmacopeia 
includes a local attribute after the sign-off of a text, it will inform 
the PDG. 

Users of the pharmacopeias are appropriately informed of the 
harmonization status of monographs and general chapters. In the 
European Pharmacopoeia (EP) and USP-NF, for general chapters 
this is done via a preliminary paragraph. For the Japanese Phar~ macopoeia (JP) , a notification is made by MHLW, and information 
is given in a general chapter. 

Stage 7: Implementation 
The phannacopeias will inform each other of the date of imple

mentation in their particular region. 
The date of implementation of a harmonized document varies in 

the three PDG regions depending on their legal requirements, need 
of translation, and publication schedules. Each pharmacopeia gen
era)ly allows some period of time after publication for implemen
tat10n to allow manufacturers and other users to achieve 
conformity. Harmonization is not achieved until the text becomes 
official in all three phannacopeias. 

Revision 

Following is the procedure for the revision of harmonized 
monographs and chapters: 

The pharmacopeias participating in the PDG have agreed not to 
revise unilaterally any harmoni_zed document (monograph or chap
ter) after sign-off or after publication. 

A pharmacopeia requesting the revision of a monograph or 
ch~pter shall apply the following criteria for justification of the rev1s10n: 

Public health and safety reasons. 
Insufficient supply of pharmacopeial-quality product on the 
market. 

Specified analytical reagents or equipment are not available. 
New methods of preparation of products or reagents are not 
covered by the current monograph. 
Analytical procedures can be replaced by more appropriate, 
accurate, or precise procedures. 

The PDG as a whole has to agree to initiate the revision. A co
ordinating J?harmacopeia will be nominated. The coordinating pharmacopeia will prepare a Stage 3 draft, based on the validation 
of data provided by the pharmacopeia requesting the revision. 

The PDG Working Procedures will then be followed. The revi
sions of a sign-off document prepared for this or other reasons are 
indicated as revision 1, 2, 3, etc. 

In case of health and safety issues, and whenever agreed to by 
the PDG, an accelerated procedure shall be applied (shortening and/or eliminating stages). 

Discussion 
Harmonization of general chapters and monographs benefits 

manufacturers of pharmaceutical products intended for human 
use, regulatory agencies, and ultimately, practitioners and patients. 
B~nefit_s are derived from (1) reduced development effort; (2) sim
phficat10n of regulatory filings; and (3) reduced release testing. 

Pharmacopeial harmonization amplifies the work of the ICH, 
particularly for Quality topics. While the PDG is not part of the 
!CH, the PDG periodically provides updates to the !CH Steering 
Committee, and in the past participated in a joint task force. This 
task force focused on harmonization of general chapters considered 
important to the !CH harmonized document Specifications: Test 
Procedures and Acceptance Criteria for New Drug Substances 
and_N_ew Dn,g Products: _Chemical Substances (Q6A). USP also 
part1c1pates m the lntemat10nal Cooperation on Harmonization of 
Technical Requirements for Registration of Veterinary Products 
(VICH). As with the lCH, some of the quality guidelines devel
oped in VICH depend upon harmonization of pharmacopeial gen
eral chapters. A major difference between the PDG and lCH/ 
VICHs i_s that the ICHNICH guidelines generally are applicable 
only to mgred1ents and drug products not previously registered 
m an ICHNICH region or nation, whereas the PDG harmonization 
applies to all marketed products in the applicable region or nation . 

In the case of harmonization by attribute, nonharmonization or 
divergence will be indicated in USP- NF and EP by the symbol ♦ . 
For these nonharmonized attributes, reliance upon the individual 
pharmacopeia is required. A monograph or general chapter in 
one PDG pharmacopeia may unilaterally include additional local 
or national attributes that are not included in the corresponding text 
of the oth_er pharmacopeias. Such text is not considered by the PDG 
to be a divergence from the PDG harmonized text. 

As with other USP- NF revisions, draft hannonization texts are 
published for comment in Pharmacopeial Forum. Final harmo
nized official text in USP- NF is presented in the latest edition, Sup
plement, or Interim Revision Announcement. The current status of 
all harmonization projects appears in Table I and Table 2. These 
status tables will be updated in subsequent editions of USP- NF 
and its Supplements. 

In the U.S ., cases of noncompliance and/or dispute are resolved 
through performance of the official procedure in USP or NF. If the 
procedure and its acceptance criteria are harmonized in the PDG, 
then a manufacturer may follow the relevant compendia! instruc
tions in USP- NF, EP, or JP. 
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Table 1. Status of Harmonization-Excipient Monographs Table 2. Status of Harmonization- General Chapters 
Excipient Name Coordinating Harmonization Chapter Title Coordinating Harmonization Pharmacopeia Stage Pharmacopeia Stage 
Alcohol EP 6 Amino Acid USP 6 Benzyl Alcohol EP 6 Determination Dehydrated Alcohol EP 6 Bacterial Endotoxins JP 7 Butyl Paraben EP 4 Bulk Density and EP 3 Calcium Disodium JP SA2 Tapped Density Edetate 

Degree of Color of EP 3 Calcium Phosphate JP SA Liquids; Clarity and Dibasic (and 
Degree of anhydrous) 

USP 6 
Opalescence of Carboxymethylcellu-
Liquids lose Calcium 

Density of Solids EP 3 Carboxymethylcellu- USP 4 Disintegration US P 4 lose Sodium 
Dissolution USP 4 Cellulose Acetate USP 6 Capillary EP 6 Cellulose Acetate USP 6 Electrophoresis Phthalate 
Polyacrylamide Gel EP 6 Microcrystalline USP 4 Revised Electrophoresis Cellulose 
Extractable Volume of EP 6 Cellulose, Powdered USP 4 Revised Parenterals Citric Acid, EP 6 Flowability (Powder USP 4 Anhydrous 

EP 6 
Flow) 

3 
Citric Acid, 

Heavy Metals USP Monohydrate 
Inhalation EP 3 Croscarmellulose USP 6 Isoelectric Focusing EP 6 Sodium 
Light Diffraction EP 3 Crospovidone EP 4 Measure of Particle Ethyl Cellulose EP 6 Size Ethyl Paraben EP 4 Microbial EP 3 Glycerin USP 3 Contamination Hydroxyethyl EP 4 Microbial Attributes EP 3 Cellulose 
Optical Microscopy USP 4 Hydroxypropyl USP 4 Particle Size USP 4 Cellulose 

Distribution Estima-H ydrox ypropy I USP 4 tion by Analytical Cellulose, Low 
Sieving Substituted 

Peptide Mapping USP 6 Hydroxypropylmethyl JP 4 Porosimetry by EP 3 Cellulose 
Mercury Intrusion H ydroxypropy lmethy I USP 4 Revised Powder Fineness USP 4 Cellulose Phthalate 

Protein Determination USP 6 Lactose, Anhydrous USP 6 Residue on Ignition JP 6 Lactose, Monohydrate USP 6 Specific Surface Area EP 3 Magnesium Stearate USP SA Ste;ility Tests EP 6 Methyl Cellulose JP 4 Tablet Friability USP 3 Methylparaben EP 4 Uniformity of USP 4 Petrolatum, White USP 4 Content/Mass Polyethylene Glycol USP 4 X-Ray Diffraction- EP 3 Polysorbate 80 EP 3 Solids Povidone JP SA 
Propyl Paraben EP 4 
Saccharin USP SA 
Saccharin, Calcium USP SA G LOSSARY 
Saccharin, Sodium USP SA 

Harmonized monograph or general chapter-Text that has Silicon Dioxide JP 4 
reached Stage SB and that has been countersigned by the three Silicon Dioxide, JP 4 
PDG pharmacopeias. . Collodial 

Total harmonization-A monograph or a general chapter that 1s Sodium Chloride EP 6 
identical in the three PDG pharmacopeias in terms of identical Sodium Starch USP SA 
tests, test procedures, and acceptance criteria. Glycolate 

USP 6 Harmonization by attributes- A monograph or a general chap-Starch, Corn 
ter that contains a combination of harmonized and nonharmomzed Starch, Potato EP 6 
tests or sections. Starch, Rice EP 4 

Interchangeability-A test or a section of a monograph or a gen-S larch, Wheat EP 6 
era! chapter that is not the same among the PDG pharmacope1as, Stearic Acid EP 4 
but the accept/reject decision is the same regardle~s of which one Sucrose EP 3 
of the tests or sections of the PDG pharmacope1a 1s used. Talc EP SA2 

Titanium Dioxide JP SA2 
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Local or national divergence-A monograph or a general chap
ter in one of the PDG phannacopeias contains specific attributes of 
local or national origin in addition to the PDG harmonized/nonhar
monized attributes. 

Nonharmonized attributes-Attributes that could not be agreed 
upon by the three PDG pharmacopeias due to regional differences, 
regulatory differences, nonavailability of reagents, etc. 

APPENDIX 

Example 

Pham1acopeial Discussion Group 

Sign-Off Document 

Name: ------

Attributes EP JP USP 

1 + + + 

2 + + -

3 + + + 

Attributes EP JP USP 

4 + + + 

5 + + + 

6 + + + 

7 + - + 

8 + + + 

9 + + + 

10 + - + 

11 + + + 

Legend 
+ will adopt and implement; - will not stipulate 

Nonharmonized attributes 

Reagents and reference materials 
Each pharmacopeia will adapt the text to take account of local 

reference materials and reagent specifications. 

Date: 

Signatures: 
European Pharmacopoeia Japanese Pharmacopoei a 

United States Phannacopeia. 1 
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IN-PROCESS REVISION 
This section contains proposals for adoption as official USP or NF standards (either proposed new standards or proposed 
revisions of current USP or NF standards). These may be any of the following: (1) items that previously appeared under 
Pharmacopeial Previews and are now formally proposed as revisions; (2) proposed revisions placed directly under In-Pro
cess Revision; or (3) modifications of revisions previously proposed under In-Process Revision. Readers should review ma
terial in this section and provide comments to the staff liaison (use the Staff Directory to find the contact information). 
Information on how to comment is found in the Policies and Announcements section . It is important to send comments 
promptly so that the Committee members can consider readers' input as they are deciding whether to advance standards 
to official status. 
Briefings Each Proposal is preceded by a Briefing in the following format: 

B RIEFI NG 
Name of Item, citations of the most recent USP publications in which this item appeared. Rationale for the 

revision. Other relevant information. (For example, if a chromatographic method is being proposed, column 
specifications and retention times for compounds of interest.) Finally, the Committee designation (see How to 
Use PF), the name of the scientific staff liaison who handled the particular issue, and USP tracking correspon
dence number, as shown in the example below: 
(PAS : K. Russo) RTS-55678-1 

Symbols Proposed revisions are shown with language proposed for deletion or replacement crossed off. New text (if any) 
follows , and is enclosed in symbols and set off from the current official text by a paragraph break and by larger type, thus: 

•new text. 

if slated for an Interim Revision Announcement to USP- NF (IRA) , thus: 

"'new text. usP 

if slated for USP-NF, and thus: 

• new text■ 

if slated for a Supplement to USP-NF. The same symbols not set off by an extra paragraph break and enclosing text with no 
increase in type size indicate recent revisions that are already official. Where the symbols appear together with no enclosed 
text, such as •• or • • or ••' it means that text has been deleted and no new text was proposed to replace it. In all revisions, the 
closing symbol is accompanied by an identifier that indicates the particular IRA or Supplement or indicates the USP or NF as 
the publication where the revision will appear if approved. For example, •2 indicates that the revision is proposed for the 
Second Interim Revision Announcement, and • 2 indicates that the proposed revision is slated for the Second Supplement, and 
. usm and • NF22 indicate that the revisions are proposed for USP 27 and NF 22, respectively. 
Errata These are corrections of typographical or other errors in text that do not require formal action by the Council of 
Experts . Changes based on these Errata will appear in the next published Supplement and become official with that Supple
ment. 
Official Title Changes Where the specification "Monograph title change" is found, it indicates that the official title stated 
after that specification will be substituted for the former title in the appropriate places throughout that monograph once this 
revision becomes official. 
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MONOGRAPHS (USP) 

BRIEFING 

Acyclovir for Injection, USP 26 page 48. It is proposed to re
vise the quantitation test for the impurity guanine under Chroma
tographic purity, using a guanine standard at a limit of not more 
than 1.0%. On the basis of information received, minor revision 
is also proposed in the Standard solution used for the test. The 
chromatographic procedure in this test is based on analyses per
formed with the YMC ODS-AQ brand of 5.5-µm particle size, 
4.6-mm x 25-cm LI column. Typical retention times reported 
are about 5.8 minutes for guanine, 12.6 minutes for purine (reso
lution compound), and 14 minutes for acyclovir. 

(PA 7: B. Davani) RTS-36438-1 

Change to read: 
Chromatographic purity-

Solution A-Prepare a filtered and degassed mixture of 0.17 M 
acetic acid and methanol (l 25 :8). Make adjustments if necessary 
(see System Suitability under Chromatography (621 )). 

Solution B: methanol, filtered and degassed. 
Mobile phase-Use variable mixtures of Solution A and Solution 

B as directed for Chromatographic system. Make adjustments to 
either solution as necessary (see Sys tem Suitability under 
Chromatography ( 62 l ) ). 

System suitability solution-Dissolve suitable quantities of pur
ine and USP Acyclovir RS in Solution A to obtain a solution con
taining about 0.5 µg of each per mL. 

&1i!111tid, d s8 .'Hlitm Disseh·e eee1:1Fe.lel~· weigked q1:1e.11lilies ef 
USP Ae)1ele\ 1iF RS e.11d gtie.11i11e i11 &Jlt,i1imr A, e.11d dil1:1le q1:1e.11tite. 
li \ ·el)', e.Rd steriwise if Reeess&fj', witk &!{Hli8,1 A te eMe.iR e. sel1:1 
tiefl tl8.Yiflg 88fl88fllF8.tieRS ef e.ee1:1I (l.5 8.fld ,us j:lg fl8F tflL, 
Fesii eeti ,rely. 

• Acyclovir standard solution-Dissolve an accurately 

weighed quantity of USP Acyclovir RS in Solution A, and 

dilute quantitatively, and stepwise if necessary, with Solu

tion A to obtain a solution having a known concentration 

of about 5 µg per mL. 

Guanine solution-Dissolve about 25 mg of guanine, ac

curately weighed, in 50 mL of 0.1 N sodium hydroxide in a 

500-mL volumetric flask, dilute with water to volume, and 

mix. 

Standard solution-Transfer 5.0 mL of Acyclovir stan

dard solution and 5.0 mL of Guanine solution to a 50-mL 

volumetric flask, dilute with Solution A to volume, and 

mix .• usn1 

Test solution-Constitute and combine not less than IO vials of 
Acyclovir for Injection. Transfer an accurately measured quantity, 
equivalent to about l 00 mg of acyclovir, to a 200-mL volumetric 
flask, dilute with Solution A to volume, and mix. 

Chromatographic system (see Chromatography (621 ) }-The 
liquid chromatograph is equipped with a 254-nm detector and a 
4.6-mm x 25-cm column that contains packing LI. The flow rate 
is about l mL per minute. The chromatograph is programmed as 
follows. 

Time Solution A Solution B Elution 
(minutes) (%) (%) 

0 100 0 equilibration 
0-15 l 00 0 isocratic 

15-45 100-+65 0-+35 linear gradient 
45-46 65-+100 35-+0 linear gradient 
46-56 l 00 0 re-equilibration 

Chromatograph the System suitability solution, and record the peak 
responses as directed for Procedure: the resolution, R, between 
purine and acyclovir is not less than 2.0. Chromatograph the Stan
dard solution, and record the peak responses as directed for Proce
dure: the relative retention times for guanine and acyclovir are G:44 

• about 0.4 . usn7 
and 1.0, respectively; and the relative standard deviation 

• of the acyclovir peak area and the guanine peak area. usn7 

for replicate injections is not more than ~ 

• 1 %.&USP27 
Procedure-Inject a volume (about 50 µL) of 

• the Standard solution and. usn7 
the Test solution into the chromatograph, record the chromatogram, 
and measure the peak 

• area. usp21 
responses. 

• calculate the percentage of guanine in the Acyclovir for 

Injection by the formula: 

20,000( C/W)(r8 
/rs8), 

in which C is the concentration, in mg per mL, of guanine in 

the Standard solution; Wis the total weight, in mg, of acy

clovir in the Test solution based on the label claim; rg is the 

peak response for guanine, if present, in the Test solution; 

and rsg is the peak response of guanine in the Standard solu

tion: not more than 1.0% is found .• usP2l 
Calculate the percentage of each 

• other . usP21 
impurity in the iiertieR ef 

• &USP27 
Acyclovir for Injection tftlt.ett 

• &USP27 
by the formula: 

20,000(C/W)(r, I r5) , 
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in which C is the concentration, in mg per mL, of USP Acyclovir 

RS in the Standard solution; Wis the OE:jt:tiYaleRt 

•total .._usp21 
weight 

... . 
, m m g, . USPll 

of acyclovir fflltett 

... 
.._usn1 . 

in the Test solutwn 

•based on the label claim.._usn7 

; r; is the peak response for each impurity; and rs is the peak re

sponse of acyc lovir in the Standard solution: Rel 1ttefe tha1~ 1.0% 

ef gtiElfliRe is fet:tHEl, 

... 
.A.USP27 

not more than 0.15% for any peak having a relative retention time 

of about~ 

•o.7 compared to the acyclovir peak.._usm 
is found, not more than 0.5% of any other individual impurity is 

found, and the total of all other impurities is not more than 1.0%. 

BRIEFING 

Albumin Human, USP 26 page 55. The current monograph on 

Albumin Human is an abbreviated monograph that contains a de

finition and description of the article and information on packaging 

and storage, expiration date, and labeling. However, specifications 

including tests, procedures , and acceptance criteri a are not in

cluded. It is now proposed to add these specifications and also to 

revise the current monograph to include updated infonnation on 

product definition and description, packaging and storage, expira

tion date, and labeling that is consistent with current regulatory re

quirements. 

(BBP: L. Bhattacharyya) RTS- 38897-1 

Change to read: 

>> AleuffiiA HuffiaA eoAfonHs to the rngttlatioAs of tee 
federal Food aAd Drug AdministratioA eoAeemiAg eio 
logies (640.80 to 640.86) (see Biologies (+G4+)). It is a 
sterile, aon13;·rogeAie 13re13aration of seruffi alettmiA 
oetained e;· fraetioAatiag ffl:aterial (soUree elood, 13las 
ffl:a, seruffl:, or 13laeeatas) froffi kealthy kumaA doAors, 
the souree ffl:aterial eeing tested for the absenee of ke 
13atitis B surfaee aatigea. 

... » Albumin Human is a sterile, nonpyrogenic 

preparation of serum albumin obtained by frac

tionating material (source blood, plasma, serum, 

or placentas) from healthy human donors, the 

source material being tested for the absence of he

patitis B surface antigen, hepatitis C, and HIV by 

antibody and nucleic acid assay, and other dis

ease-causative agents that are not destroyed or re

moved by the processing method, as determined 

by the medical history of the donor, and from such 

physical examination and approved clinical tests 

as may appear necessary for each donor at the 

time the blood was obtained . ... usm 

It is made by a process that yields a product that is safe 

for intravenous use. Not less than 96 percent of its total 

protein is albumin 

•, as determined by an approved and validated 

method .... usn7 
It is a solution containing, in each 100 mL, either 25 g 

of semm albumin osmotically equivalent to 500 mL of 

normal human plasma, or 20 g equivalent to 400 mL, 

or 5 g equivalent to 100 mL, or 4 g equivalent to 80 mL 

thereof, and contains not less than 93.75 percent and 

not more than 106.25 percent of the labeled amount 

in the case of the solution containing 4 g in each 100 

mL, and not less than 94.0 percent and not more than 

I 06.0 percent of the labeled amount in the other cases. 

It contains no added antimicrobial agent, but may con

tain sodium acetyltryptophanate with or without so

dium caprylate as a stabilizing agent. It kas a sodium 
eoAteat of Aot less than 130 B'lBq 13er liter and not more 
than 160 mEq 13er liter. It has a heffie eonteat sueh that 
the aesoroanee of a solutioa, diluted to eoAtain 1 13er 
eeat of protetfl., in a 1 ea1 holding eell, ffl:easured at a 
\YaYeleagth of 403 nm, is not more that1 0.25. It ffl:eets 
the requireffl:ents of the tests for heat staeility and for 

~ 
... 

.A.USP27 

Change to read: 
Packaging and storage--Preserve in tight containers, and store at 

the temperature fOOBffiffieRElee lly the fflEIHt:t!ftetufef 

... 
_.. usP21 

indicated on the label. 

Change to read: 
·Expiration date--The expiration date is not later than 5 years after 

issue from manufacturer 's cold storage (5 °, 3 )'OElfs) 

... (at 5° for not more than 3 years) .._ usp27 

if labeling recommends storage between 2° and I 0°; not later than 

3 years after issue from manufacturer's cold storage (5 °, 3 )'OElfS) 

... 
.A.USP27 
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if labeling recommends storage at temperatures not higher than 
37°; and not later than 10 years after date of manufacture if in a 
hennetically sealed metal container and labeling recommends stor
age between 2° and 10°. 

Change to read: 
Labeling Label it te state tkat it is Ret te be usee if it is aubie aRe 
tkat ii is le be usee .,·ilkiR 4 keuFS after tke eeRtaiRer is eRleree. 
Label it alse te state tke esFRetie equi ,·aleRt iR teflflS ef f:ll'aSFRa, 
tke seeiuffi eeRteRt, aRe tke t)"f:le ef seuree tflalerial ( ,·eReus J:llas 
ffi!i, J:llaeeRtal f:llasFRa, Sf eetk) Ff8ffi wkiek it was J:lf8J:l!ifB8. Lee el it 
alse te iReieate tkat aeeitieRal Fluies afe Reeeee wkeR tke 2Q g J:lBf 
I QQ fRL Sf 25 g J:lef I QQ tflb J:lf88Uet is !i8tfliRisteree te a lfl!i!'irnel) 
eel1)'8fE1tee f:lEllient. 

"'Label it to state (I) the osmotic equivalent in terms of plas

ma, and the sodium content in terms of a value or a range in 

mEq per liter, (2) the need for additional fluids when 20% or 

25% albumin is administered to a patient with marked dehy

dration, and (3) the protein content, expressed as a 4%, 5%, 

20%, or 25% solution. Include on the label in a prominent 

position the following cautionary statements: " Do Not Use 

if Turbid. Do Not Begin Administration More Than 4 Hours 

After the Container Has Been Entered." Indicate on either 

the container or package label, or in the package insert, the 

type of source material , expressed as venous plasma, pla

cental plasma, or both, used to manufacture the final pro

duct. Label it to indicate the volume of the preparation, 

storage conditions, the expiration date, and the name and 

concentration of any added substance (for example, stabili

zer). Where applicable, the label indicates that the prepara

tion is suitable for administration to patients undergoing 

dialysis and to premature infants .... usm 

Add the following: 

"'USP Reference standards ( 11 )-USP Albumin Human 

RS. USP Endotoxin RS .... usm 

Add the following: 

"'Identification-

A: Immunodiffusion-

pH 8. 0 buffer-Dissolve 1.98 g barbituric acid, 1.03 g so

dium barbital, and 8. 7 g sodium chloride in 900 mL of 

water. Adjust with a sodium hydroxide solution to a pH of 

8.0, dilute with water to make up to 1 L, and mix. 

Procedure-Prepare agar-gel immunodiffusion plates 

each containing one central well and 5 or 6 outer wells con

centric with the central well using 1.9 g agar in 150 mL pH 

8. 0 buffer. Place 5 µL of Albumin Human in the central well 

of one plate and 5 µL of USP Albumin Human RS in the 

central well of another plate. Add 5 µL of an antiserum spe

cific to human plasma proteins from a suitable commercial 

source in one of the appropriately marked outer wells of 

each plate. Place 5 µL each of antisera specific to plasma 

proteins of animals commonly used in the preparation of 

materials of biological origin in other appropriately marked 

outer wells of each plate. [NOTE-At the minimum, antisera 

against plasma proteins of bovine, porcine, and ovine must 

be used.] Incubate the plates at 2° to 8° for at least 24 hours. 

The plate containing Albumin Human observed in a bright 

white light shows a sharp white arc between the central well 

and the well containing antiserum specific to human plasma 

proteins, and no arc between the central well and the wells 

containing antisera specific to plasma proteins of other ani

mals. The test is valid if the plate containing USP Albumin 

Human RS shows an arc between the central well and the 

well containing antiserum specific to human plasma pro

teins, and no arc between the central well and the wells con

taining antisera specific to plasma proteins of other animals. 
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B: Immunoelectrophoresis- test A. Incubate the microslide at 2° to 8° for at least 24 

Electrophoretic buffer-Dissolve 2.5 g of barbituric acid, hours. Observed in a bright white light, the microslide 

16.7 g of sodium barbital, 1.0 g of sodium chloride, and 0.7 shows an arc for Test solution that corresponds to the major 

g of edetate disodium in about 1.9 L of water, and adjust arc obtained with the Reference solution. The test is not va-

with hydrochloric acid or sodium hydroxide solution to a lid if Identification test A is not valid .• usm 

pH of 8.6. Dilute with water to obtain a final volume of 2 Add the following: 

L, and mix. •Bacterial endotoxins (85)-It contains not more than 0.5 

Reference solution-Dilute normal human serum from a USP Endo toxin Unit per mL. . usp27 

suitable commercial source with Electrophoretic buffer to Add the following: 

obtain a total protein concentration of about 10 mg per mL. •safety- It meets the requirements when tested as directed 

Test solution-Di lute A_lbumin Human with Electro- for Safety Tes ts- Biologicals under Biological Reactivity 

phoretic buffer to obtain a total protein concentration of Tests, In Vivo (88) . usp
27 

about 10 mg per mL. Add the following: 

Procedure-Mount a suitable immunoelectrophoresis mi- •sterility (7 l ): It meets the requirements .• usm 

croslide strip containing 1 % agar gel between the two buffer Add the following: 

reservoirs of a suitable microelectrophoresis apparatus. •pH (791 ): between 6.4 and 7.4 when diluted with 0.15 

Place suitable volumes of Electrophoretic buffer in the buf- M sodium chloride to obtain a solution containing 1 % pro-

fer reservoirs. Cut two pieces of blotting paper of suitable tein .• usP27 

lengths such that the widths are approximately equal to that Add the following: 

of the agar gel, and soak them in Electrophoretic buffer. •Molecular size distribution-

Place the pieces such that one end of each dips into the £lee- Mobile phase-Prepare a suitable degassed and filtered 

trophoretic buffer while the other ends of the pieces are solution containing 7.337 g of dibasic sodium phosphate 

placed on the two ends of the agar-gel strip such that they heptahydrate , 1. 741 g of mono basic sodium phosphate 

extend for about 1 cm at both ends. Using a suitable com- monohydrate, and 11.688 g of sodium chloride per liter in 

mercial device dig two wells about 1.5 cm apart near one water. 

end of the agar-gel strip such that they are about 0.5 cm Reference solution- Dilute a solution of USP Albumin 

away from the nearest blotting paper and at the same level Human RS in Mobile phase to obtain a solution having a 

perpendicular to the direction of the electrophoresis, and dig concentration of about 1 O mg per mL of protein, and mix. 

a central slot of suitable length between the two wells, and Test solution-Dilute a solution of Albumin Human in 

equidistant from them, along the direction of electrophor- Mobile phase to obtain a solution having about the sa:ne 

esis . Place 1 µL of Reference solution into one well and concentration of protein as the Reference solution, and mix. 

an equal volume of Test solution into the other. Electrophor- Chromatographic system (see Chromatography (621 ) }-

ese the samples for about 35 minutes applying 90 volts The liquid chromatograph is equipped with a UV/visible de-

across the agar-gel strip. Remove the blotting papers, and tector set at 280 nm, a 7.5- x 600-mm analytical column, a 

place in the central slot about 25 µL of the same antiserum 

specific to human plasma proteins as is used in Identification 
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7.5- x 75-mm guard column, both containing L5 8 packing, 

and maintained at ambient temperature . The flow rate is 

constant and is maintained at 0.5 mL per minute ± I%. 

Procedure-Separately inject 25 µL of the Reference 

solution and the Test solution , and record the chromato

grams. The area of the major peak is not less than 85% of 

the total peak area in the chromatogram. The test is not valid 

unless the value obtained for USP Albumin Human RS is 

within the value stated in the USP Albumin Human RS Data 

Sheet. ... usp17 

Add the following: 

•Heat stability- A final container sample of Albumin Hu

man shall remain unchanged, as detennined by visual in

spec ti on , after heating at 5 7 ° for 5 0 hours , when 

compared to its control consisting of a sample, from the 

same lot, which has not undergone the heat treatment. ... usn7 

Add the following: 

•Prekallikrein activator-

Buffer A- Dissolve 6.1 g of tris(hydroxymethyl)amino

methane, 1.2 g of sodium chloride, 50 mg ofhexadimethrine 

bromide, and 0.1 g of sodium azide in 800 mL water. Adjust 

with 2 M hydrochloric acid at 20° to 25° to a pH of 7 .8, and 

dilute with water to I 000 mL. 

Buffer B-Dissolve 6.1 g of tris(hydroxymethyl)amino

methane and 0. 7 g of sodium chloride in 800 mL of water. 

Adjust with 2 M hydrochloric acid at 20° to 25 ° to a pH of 

7.8 , and dilute with water to 1000 mL. 

Chromogenic substrate solution A- Prepare a solution of 

a suitable Chromogenic Substrate for Amidolytic Test (see 

Reagent Specifications under Reagents, Indicators, and So

lutions) specific for kallikrein in water to obtain a solution 

having a concentration of about 6 mM. 

Chromogenic substrate solution B- Dilute I volume of 

Chromogenic substrate solution A with 9 volumes of Buffer 

B. 

Preka/likrein substrate-[NOTE-To avoid coagulation 

activation, blood or plasma used for the preparation of Pre

kallikrein substrate must only come into contact with plastic 

or silicone-treated glass surfaces.] Draw 9 volumes of hu

man blood into 1 volume of a suitable anticoagulant solu

tion containing 1 mg per mL of hexadimethrine bromide. 

Centrifuge the mixture at 3600g for 5 minutes. Centrifuge 

the plasma fraction again at 6000g for 20 minutes to sedi

ment platelets. Dialyze the platelet-reduced plasma against 

IO volumes of Buffer A for 20 hours. Apply the dialyzed 

plasma to a DEAE-agarose column equilibrated in Buffer 

A, such that the volume of DEAE-agarose is twice the vol

ume of the plasma. Elute from the column with Buffer A at 

20 mL per cm2 per hour. Collect the eluate in fractions, and 

record the absorbance at 280 nm. Pool the fractions contain

ing the first protein peak so that the volume of the pool is 

about 1.2 times the volume of the platelet-reduced plasma. 

Add solid sodium chloride to the pooled solution, and dis

solve such that the final concentration of sodium chloride is 

7.0 mg per mL. Filter the solution using a membrane filter 

having a 0.45-µm porosity, freeze the filtrate in portions, and 

store at - 70°; the substrate is stable at -70° for 1 year. 

[NOTE-Carry out all steps from the beginning of the 

chromatography to freezing in portions during a single 

working day.] Test the substrate pool for absence ofkallik

rein activity by mixing 1 part with 20 parts of the Chroma

genie substrate solution B prewanned at 37°, and incubate 

at 37° for 2 minutes. The substrate is suitable if the increase 

in absorbance is less than 0.001 per minute. 

Standard solutions- Dilute USP Albumin Human RS 

with Buffer B to prepare four solutions corresponding to a 

suitable range of prekallikrein activator concentration in 

IU per mL. 

Test solution-Dilute Albumin Human with an equal vol

ume of Buffer B. 
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Procedure- To suitably capped tubes transfer 25 µLeach the tubes inverted to drain on a filter paper. Transfer the re-

of Buffer B (to be used as the blank), four Standard solu- sidues quantitatively with a minimum quantity of water to a 

tions, and the Test solution. To each tube add 100 µL of Pre- micro-Kjeldahl flask and determine the nitrogen in the resi-

kallikrein substrate, and incubate at 37° for 45 minutes. dues using Method JI under Nitrogen Determination (461 ). 

Transfer 25 µL of each solution to a suitable curvette ( 1- Multiply the result, corrected for the Blank, by 6.25 to cal-

cm path length) containing 1000 µL of Chromogenic sub- culate the quantity of protein . .._ usm 

strate solution B and prewarmed and maintained at 37°. Add the following: 

Mix and measure the change of absorbance (t.A) for 10 .._Heme content- Dilute Albumin Human using 0. l 5 M so-

minutes spectrophotometrically at 405 nm wavelength at dium chloride to obtain a solution having a concentration of 

37°. Subtract t.A per minute for the blank from t.A per min- 10 mg per mL of protein. The absorbance (see Spectropho-

ute for each of the Standard.solutions, and the Test solution . tometry and Light-Scattering (851 )) of the solution mea-

Plot the corrected t.A per minute for each of the Standard sured at 403 nm using 0.15 M sodium chloride as the 

solutions versus its respective prekall ikrein activator con- blank, is not greater than 0.25 . .._ usm 

centration. Calculate the prekallikrein activator concentra- Add the following: 

tion of the Test solution from the standard curve, and .._Potassium content-

multiply the value by 2. The prekallikrein activator concen- Standard solutions 1, 2, 3, and 4- Prepare four standard 

tration of Albumi n Human is not more than 35 IU per solutions containing 0, 1.0, 2.0, and 3.0 mg of potassium, in 

mL. .._ usm the form of the chloride, per L, respectively, in 0.1 N hydro-

Add the following: chloric acid and 25 mEq of sodium ( l .46 g of sodium chlo-

... Protein content- ride) per L. 

Sodium molybdate solution-Dissolve 9.0 g of disodium Test solution-Transfer 3.5 mL of Albumin Human, 5.0 

molybdate dihydrate in 115 mL of water in a suitable con- mL of 0.15 M sodium chloride, and 5.0 mL of l N hydro-

tainer. Add 4 mL of sulfuric acid, and mix. chloric acid to a 50-mL volumetric flask, dilute with water 

Test solution-Dilute Albumin Human with 0. l 5 M so- to volume, and mix. 

dium chloride to obtain a solution containing about 7 .5 Procedure-Set a suitable flame photometer to a wave-

mg of protein per mL of the solution. length of 766 nm. Adjust the instrument to zero transmit-

Blank: 0.15 M sodium chloride used to make the Test tance with Standard solution 1 and to 100% transmittance 

solution. with Standard solution 4. Read the percent transmittance 

Procedure-To 2.0 mL of the Test solution and the Blank of Standard solutions 2 and 3. Plot the observed transmit-

in suitable centrifuge tubes, add 2.0 mL of Sodium molyb- tance of Standard solutions 2, 3, and 4 versus their respec-

date solution. Mix, allow to stand for about 10 minutes, cen- tive potassium concentrations. Adjust the instrument to zero 

trifuge for 5 minutes, and decant the supernatant. Resuspend transmittance with Standard solution 1 and to 100% trans-

the precipitates in 2.0 mL of Sodium molybdate solution, mittance with Standard solution 4. Read the percent trans-

centrifuge for 5 minutes, decant the supernatant, and hold mittance of the Test solution, and from the standard curve 
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calculate the potassium content in mg per liter of the Test 

solution . Multiply the value by 0.365 (multiplication by 

the dilution factor and division by the equivalent weight 

of potassium, 39.1) to obtain the potassium concentration 

in mEq per L in the sample. Albumin Human contains be

tween 0 and 1 mEq of potassium per L of sample ... usP27 

Add the following: 

"'Sodium content-

Standard solutions 1, 2, 3, and 4- Prepare four standard 

solutions containing 0, 2.0, 3.0, and 4.0 mg of sodium, in the 

fonn of the chloride, per L, respectively, in 0.1 hydro-

chloric acid and 6.0 mEq of potassium (447.6 mg of potas

sium chloride) per L. 

Test solution-Transfer 75 µL of Albumin Human, 4.0 

mL of 0.15 M potassium chloride, and 10.0 mL of I N hy

drochloric acid to a 100-mL volumetric flask, dilute with 

water to volume, and mix. 

Procedure- Set a suitable flame photometer to a wave

length of 589 nm. Adjust the instrument to zero transmit

tance with Standard solution I and to I 00% transmittance 

with Standard solution 4. Read the percent transmittance 

of Standard solutions 2 and 3. Plot the observed transmit

tance of Standard solutions 2, 3, and 4 versus their respec

tive sodium concentrations. Adjust the instrument to zero 

transmittance with Standard solution I and to 100% trans

mittance with Standard solution 4. Read the percent trans

mittance of the Test solution, and from the standard curve 

calculate the sodium content in mg per liter in the Test solu

tion . Multiply the value by 57.97 (multiplication by the di

lution factor and division by the equivalent weight of 

sodium, 23.0) to obtain the sodium concentration in mEq 

per L. Albumin Human contains between 130 and 160 

mEq of sodium per L of sample ... usP27 

BRIEFING 

Amoxicillin Tablets, USP 26 page 142 and page 36 of PF 28(1) 
[Jan.- Feb. 2002]. It is proposed to change the Tolerances for non
chewable tablets from "not less than 80% (Q) dissolved in 90 min
utes " to " not less than 80% (Q) dissolved in 20 minutes" in order 
to be in accordance with the approved NOA. Other changes are 

editorial. 

(BPC: M. Marques) RTS-39077-1 

Change to read: 
Dissolution (711 )-

""FOR PRODUCTS LABELED AS NONCHEWABLE TAB-

LETS-.;. USP27 

Medium: water; 900 mL. 
Apparatus 2: ~ 

.;. 100 rpm . .;. USP27 

1ime: 9G 

""20 .;. USP27 
minutes. 

Determine the amount ofC16H19N3O5S dissolved by employing 
the following method. 

pH 5.0 Buffer-Dissolve 27.2 g ofmonobasic potassium phos
phate in 3 liters of water, adjust with a 45% (w/w) solution of po
tassium hydroxide to a pH of 5.0 ± 0.1, dilute with water to obtain 
4 liters of solution, and mix. 

Mobile phase-Prepare a mixture of pH 5.0 Buffer and acetoni
trile (3900: I 00), and pass through a filter having a 0.5-µm or finer 
porosity. Make adjustments if necessary (see System Sui/ability un
der Chromatography (621)). 

Standard solution-Dissolve an accurately weighed quantity of 
USP Amoxicillin RS in pH 5.0 Buffer to obtain a solution having a 
known concentration of about 0.05 mg per mL. Use this solution 
within 6 hours. 

Test solution-Pass a portion of the solution under test through a 
filter having a 0.5-µm or finer porosity. Dilute an accurately mea
sured volume of the filtrate quantitatively with water to obtain a 

solution having an estimated concentration of about 0.045 mg of 
amoxicillin per mL. Use this solution within 6 hours. 

Chromatographic system (see Chromatography (621 ))-The 
liquid chromatograph is equipped with a 230-nm detector, a 3.9-
mm x 30-cm analytical column that contains packing LI, and a 
2-mm x 2-cm guard column that contains packing L2. The analy
tical column is maintained at a constant temperature of about 40 ± 
I 0 • The flow rate is about 0.7 mL per minute. Chromatograph the 
Standard solution, and record the peak responses as directed for 
Procedure: the capacity factor, It, is between 1.1 and 2.8 ; the col
umn efficiency is not less than 1700 theoretical plates; the tailing 
factor is not more than 2.5; and the relative standard deviation for 
replicate injections is not more than 1.5%. 

Procedure-Separately inject equal volumes (about IO µL) of 
the Standard solution and the Test solution into the chromatograph, 

record the chromatograms, and measure the responses for the ma
jor peaks . Calculate the quantity, in mg , of amoxicillin 

(C16H19N3OsS) dissolved by the formula: 

0.9DCP(rul rs), 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 



Pharmacopeial Forum 
Vol. 29(1) [Jan.-Feb. 2003] IN-PROCESS REVISION 49 

in which D is the dilution factor used in preparing the Test solution; 
C is the concentration, in mg per mL, of USP Amoxicillin RS in the 
Standard solution; P is the stated content, in µg of amoxicillin 
(C16H19N3O5S) per mg, of USP Amoxicillin RS; and ru and rs 
are the amoxicillin peak responses obtained from the Test solution 
and the Standard solution , respectively. 

Tolerances-Not less than 80% (Q) of the labeled amount of 
C16H19N3OsS is dissolved in~ 

•20 . usP17 
minutes. 

FOR PRODUCTS LABELED AS CHEWABLE TABLETS-Proceed as di
rected above. 

•rime: 90 minutes . .._usn7 
Tolerances-Not less than 70% (Q) of the labeled amount of 

C16H19N3O5S is dissolved in 90 minutes. 

BRIEFING 

Atenolol Tablets, USP 26 page 186. It is proposed to replace the 
diluent used to prepare the Standard solution and the Test solution 
in the Dissolution test. The solutions should be prepared in Mobile 
phase rather than in 0.8 M phosphoric acid because phosphoric 
acid causes deterioration of the column after only a few injections. 
Also, it is proposed to correct the concentration of the sodium ace
tate solution used to prepare the 0.1 N acetate buffer employed as 
the dissolution Medium . 

(BPC: M . Marques) RTS- 39076-1 

Change to read: 
Dissolution (711 )-

Medium: 0.1 N acetate buffer, pH 4.6, prepared by mixing 44.9 
parts (v/v) of 

•0.1 N • USP1 7 
sodium acetate '.f& • 

A VSP2 7 
with 55 . l parts (v/v) of 0.1 acetic acid solution; 900 mL. 

Apparatus 2: 50 rpm. 
Time: 30 minutes. 
Determine the amount of C14H22N2O3 dissolved by employing 

the following method. 
Mobile phase and Chromatographic system- Proceed as direc

ted in the Assay under Atenolo/. 
Standard solution-Quantitatively dissolve an accurately 

weighed quantity of USP Atenolol RS in a seh,1tieH ef flh0SflheFie 
aeia (I iH !(:JOO) 

•Mobile phase ,.usp27 
to obtain a solut10n having a known concentration of about 0.0 l 
mg per mL. 

Test solution-Prepare a filtered portion of the solution under 
test. Quantitatively dilute an accurately measured volume of the 
filtrate with a selutieH efflh09flheFie aeia (I iH 1000) 

• Mobile phase .._usn7 

to obtain a solution estimated to contain about 0.01 mg of atenolol 
per mL. 

Procedure-Proceed as directed in the Assay, except to inject the 
Test solution instead of the Assay preparation. Calculate the quan
tity, in mg, of C14H22N2O3 dissolved by the formula: 

900CD(rul rs), 

in which C is the concentration, in mg per mL, of USP Atenolol RS 
in the Standard solution; D is the dilution factor involved in pre
paring the Test solution; and ru and rs are the atenolol peak areas 
obtained from the Test solution and the Standard solution, respec
tively. 

Tolerances-Not less than 80% (Q) of the labeled amount of 
C14H22N2O3 is dissolved in 30 minutes. 

BRIEFING 

Atovaquone Oral Suspension, USP 26 page 189. The equation 
for the calculation of atovaquone related compounds is corrected 
and adjusted to include the sample weight and the density, rather 
than the volume, of the oral suspension for a more accurate mea
surement. Additionally, the Assay preparation is revised. In the ab
sence of adverse comment, it is proposed to implement these 
changes via the Second Interim Revision Announcement pertaining 
to USP 26-NF 21, to become official April 1, 2003. 

(PA7: B. Davani) RTS- 39361-1 

Change to read: 
Related compounds-Using the chromatograms of the Resolution 
solution, the Standard preparation, and the Assay preparation ob
tained in the Assay, calculate the percentage of atovaquone related 
compounds, iH the fl011ieH ef 0Fal Su9fl0HsieH takeH 

•based on the labeled strength of atovaquone,.2 
by the formula: 

(5000/3)(C,q,)(F,1t!',ff;r, 

•(25,000/ 3)C(r,/ r ., )I00D 
'•2 

in which C is the concentration, in mg per mL, of USP Atovaquone 
RS in the Standard preparation; 

•n is the density of Oral Suspension, in g per mL (1.04 g per 

mL at 20°-25°); Sis the weight, in g, of Oral Suspension 

taken to prepare the Assay preparation:.2 
L is the labeled amount, in mg per mL, of atovaquone in the Oral 
Suspension; F; is the response factor of an individual atovaquone 
related compound relative to the response of atovaquone, spec1fi-
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cally, 1.08 for any peak observed at a relative retention time of 

about 0.65, 0.85 for any peak observed at a retention time corre

sponding to that ofatovaquone related compound A, as determined 

from the chromatogram of the Resolution solution, and 1.0 for any 

other related compound peak; r, is the individual peak response of 

an atovaquone related compound, if any, in the chromatogram of 

the Assay preparation; and rs is the peak response of atovaquone in 

the chromatogram of the Standard preparation. Disregard any 

peak having a relative retention time of about 0.3, which is due 

to photodegradation during preparation of the Assay preparation. 
Not more than 0.5% of an atovaquone related compound with a 

relative retention time of about 0 .65 is found; not more than 

1.0% of atovaquone related compound A is found; not more than 
0.3% of an atovaquone related compound with a relative retention 

time of about 0.88 is found; not more than 0.2% of any other ato

vaquone related compound is found; and the sum of all related 

compounds is not more than 2.0%. 

Change to read: 
Assay-

Mobile phase-Prepare a mixture of acetonitrile, water, metha

nol , and phosphoric acid (480:360 : 160:5). Make adjustments if 

necessary (see System Suitability under Chromatography (621 )). 

Resolution solution- Prepare a solution in 0.1 M methanolic so

dium hydroxide containing about 0.09 mg of USP Atovaquone RS 

and 0.01 mg of USP Atovaquone Related Compound A RS per 

mL. Store in a low-actinic glass container. 
Standard preparation- Transfer about 30 mg of USP Atova

quone RS, accurately weighed, to a low-actinic I 0-mL volumetric 

flask, and add 2 mL of water and 6 mL ofO. l M methanolic sodium 

hydroxide. Sonicate for about 5 minutes or until the material has 

dissolved. Allow to cool, dilute with 0.1 M methanolic sodium hy

droxide to volume, and mix. Transfer 3.0 mL of this solution to a 

low-actinic I 00-mL volumetric flask, dilute with a mixture of 

methanol and water (1: I), and mix . [NOTE- Minimize exposure 

of this solution to light.) 
Assay preparation ttElR9fur ElR aee1:1ra!el~ R1eas1:1rea flOrlioR of 

well 1fliitea Orn! 81:tsfleRsioR, e~1:1i ,·aleRl lo aeo1:1! 75Q FRg ofalo','El 

~ 

•Transfer approximately 5.2 g of the well-mixed Oral Sus-

pension, accurately weighed, . 2 
to a low-actinic 250-mL volumetric flask. Add 50 mL of water, 

swirl for about 5 minutes, add 150 mL of0.1 M methanolic sodium 

hydroxide, and sonicate for about 15 minutes. Allow to cool, dilute 

with 0.1 M methanolic sodium hydroxide to volume, and mix. Im

mediately filter a 20-mL portion, discarding the first 5 mL of the 

filtrate. Transfer 3.0 mL of the clear filtrate to a low-actinic I 00-mL 

volumetric flask, dilute with a mixture of methanol and water (I: I) 

to volume, and mix. [Norn- Minimize exposure of this solution to 

light.] 
Chromatographic system (see Chromatography (621 ) )- The 

liquid chromatograph is equipped with a 220-nm detector and a 

4.6-mm x 12.5-cm column that contains packing LI. The flow 

rate is about 3 mL per minute. Chromatograph the Resolution solu
tion , and record the peak areas as directed for Procedure: the rela

tive retention times are about 0 .86 for atovaquone related 

compound A and 1.0 for atovaquone. Chromatograph the Standard 

preparation, and record the peak areas as directed for Procedure: 
the tailing facto r is not more than 1.5; and the relative standard de

viation for replicate injections is not more than 2%. 
Procedure-Separately inject equal volumes (about 20 µL) of 

the Standard preparation, the Resolution solution, and the Assay 

preparation into the chromatograph, record the chromatograms, 

and measure the areas for the major peaks. Calculate the quantity, 

in mg, of atovaquone (C22 H 19ClO3) in each mL of the Oral Suspen
sion taken by the fonnula: 

(25,000/3)( C/ V)(rul rs), 

in which C is the concentration, in mg per mL, of USP Atovaquone 

RS in the Standard preparation; Vis the volume, in mL, of Oral 

Suspension taken to prepare the Assay preparation; and ru and rs 
are the atovaquone peak areas obtained from the Assay preparation 

and the Standard preparation, respectively. 

BRIEFING 

Azithromycin, USP 26 page 199 and page 3393 of PF 27(6) 

[Nov.- Dec. 2001). USP received comments on the concept, pre

sented in Pharmacopeial Previews, of using UV detection in the 

liquid chromatographic Assay for azithromycin. The comments 

suggested that the monograph could be improved by adding a 

new test for Limit of related substances. It was further suggested 

that the current use of electrochemical detection is preferred for the 

Assay, and that it is preferred for the new test for Limit of related 
substances as well because it is more sensitive than the UV detec

tion for the detection and quantification of low levels of impurities. 

The proposed test for Limit of related substances is based on ana

lyses perfonned with the Gammabond Alumina Potency brand of 

L29 guard and analytical columns and the yRPl/P brand of L29 

column. Typical retention times observed were about 10.3 minutes 

for desosaminylazithromycin, and 14.6 minutes for N-demethyla

zithromycin, and 27.2 minutes for azithromycin. Other process-re

lated and unidentified impurities are also separated, over a period 

of elution that is 3.3 times the retention time of azithromycin. 

(PA 7: W. Wright) RTS- 38316-1 

Change to read: 
US P Reference standards ( 11 )-USP Azithromycin RS. USP 

Azaerythromycin A RS. 

• USP Desosaminylazithromycin RS. USP N-Demethylazi-

thromycin RS. .,usp27 

Add the following: 

• Limit ofrelated substances- [N0TE- Use water that has 

a resistivity of not less than 18 Mohm-cm.] 

Mobile phase-Proceed as directed in the Assay. 

pH 7.5 Potassium phosphate buffer-Transfer 2.7 g of 

mono basic potassium phosphate to a 1000-mL volumetric 

flask . Dilute with water to volume, and mix. Adjust with 

10 N potassium hydroxide to a pH of 7 .5 ± 0.1. 

Dilution solution-Prepare a mixture of pH 7.5 Potassium 

phosphate buffer and acetonitrile (750:250). 
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Standard stock solution- Disso lve accurately weighed 

quantities of USP Desosaminylazithromycin RS, USP N

Demethylazithromycin RS , and USP Azithromycin RS 

quantitatively with acetonitrile to obtain a solution having 

known concentrations of about 45 , 105, and 160 µg per 

m1, respectively. 

Standard solution-Transfer 4.0 m1 of Standard stock 

solution to a 200-m1 volumetric flask, dilute with Dilution 

solution to volume, and mix. This solution contains known 

concentrations of USP Desosaminylazithromycin RS, USP 

N-Demethylazithromycin RS, and USP Azithromycin RS of 

about 0.9, 2.1 , and 3.2 µg per m1, respectively. 

Test solution- Transfer about 33 mg of Azithromycin, ac

curately weighed, to a 100-m1 volumetric flask, add 5 m1 

of acetonitrile, and sonicate for about 20 seconds to dis

solve. Dilute with Dilution solution to volume, and mix. 

[NOTE- Use this solution within 6 hours.] 

Chromatographic system (see Chromatography ( 621 ) )

The liquid chromatograph is equipped with an ampero

metric electrochemical detector with dual glassy carbon 

electrodes operated in the oxidative screen mode with elec

trode 1 set at +0.70 ± 0.05 Vand electrode 2 set at +0.85 ± 
0.05 V, and the background current optimized to 95 ± 25 

nanoamperes, a 4.6-mm x 5-cm guard column that con

tains 5-µm packing 129, and a 4.6-mm x 15-cm analytical 

column that contains 5-µm packing 129 or 3-µm packing 

149 without the guard column. [NOTE-In general, main

tain electrode I at 0.12 V less than electrode 2, and maintain 

the electrodes at a constant temperature of about 26° .] The 

flow rate is about 0.4 m1 per minute. Chromatograph the 

Standard solution , and record the peak responses as directed 

for Procedure: the relative retention times are about 0.38 for 

desosaminylazithromycin, 0.54 for N-demethylazithromy

cin, and 1.0 for azithromycin; the column efficiency is not 

less than 1500 theoretical plates for the azithromycin peak; 

the tailing factor for each of these compounds is not more 

than 1.5; and the relative standard deviation for replicate in

jections is not more than 5% for each of these compounds. 

Procedure- Separately inject equal volumes (about 50 

µ1) of the Standard solution and the Test solution into the 

chromatograph, record the chromatograms, using an elution 

period for the Test solution that is 3.3 times the elution time 

of the azithromycin peak in the chromatogram of the Stan

dard solution , and measure the areas for all of the peaks. 

Calculate the percentages of desosaminylazithromycin and 

N-demethylazithromycin in the Azithromycin taken by the 

formula: 

O. l(CPIW)(r) rs), 

in which C is the concentration, in µg per m1, of the appro

priate USP Reference Standard in the Standard solution; P 

is the designated potency, in percentage, of the relevant Ref

erence Standard; Wis the weight, in mg, of Azithromycin 

taken to prepare the Test solution; and r; and rs are the peak 

area responses for the relevant analyte in the chromatograms 

obtained from the Test solution and the Standard solution , 

respectively. Calculate the percentages of other related sub

stances in the Azithromycin taken by the formula: 

0.0l(CPIW)(r) rs), 

in which C is the concentration, in µg per mL, of USP Azi

thromycin RS in the Standard solution; P is the designated 

purity, in µg per mg, of USP Azithromycin RS; Wis the 

weight, in mg, of Azithromycin taken to prepare the Test 

solution; r; is the peak area response for an individual re

lated substance peak in the chromatogram obtained from 

the Test solution; and rs is the peak area response for the 

azithromycin peak in the chromatogram obtained from the 

Standard solution. Not more than 0.3% of desosaminylazi-
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thromycin, 0.7% of N-demethylazithromycin, and 1.0% of 

any other individual related substance is found, and the sum 

of all related substances is not more than 3.0% . ..,.usm 

BRIEFING 

Bethanechol Chloride, USP 26 page 244. It is proposed to in
clude a test for Related compounds for this drug substance and 
change the Assay to a more selective HPLC method. Both methods 
were validated using Waters IC pak Cation MID brand name of 
L60 column. The bethanechol retention time is about 8.5 minutes 
in the test for Related compounds and about 8.0 in the Assay. 

(PA3 : S. Salado) RTS- 37440-1 ; 38296-1 

Add the following: 

'"'Related compounds-

Buffer solution-Transfer about 0.48 g of methanesulfo

nic acid to a I 000-mL volumetric flask . Dissolve in and di

lute with water to volume. 

Mobile phase-Prepare a filtered and degassed mixture of 

Buffer solution and acetonitrile (95 :5). Make adjustments if 

necessary (see System Suitability under Chromatography 

(621)). 

Standard solution- Dissolve an accurately weighed 

quantity of USP Bethanechol Chloride RS in Mobile phase 

and dilute quantitatively, and stepwise if necessary, with 

Mobile phase to obtain a solution having a known concen

tration of about 1 µg of USP Bethanechol Chloride RS per 

mL. 

Test solution-Transfer about 25 mg of Bethanechol 

Chloride, accurately weighed, to a 250-mL volumetric flask . 

Dissolve in and dilute with Mobile phase to volume, and 

mix. 

System suitability solution-Transfer about 25 mg of 

Bethanechol Chloride, accurately weighed, to a 250-mL 

volumetric flask . Add 10 mL of 0.1 N sodium hydroxide, 

and allow to stand for about 15 minutes . Add 10 mL of 

0.1 N hydrochloric acid. Dissolve in and dilute with Mobile 

phase to volume, and mix. 

Chromatography system (see Chromatography ( 621 ) )-

The liquid chromatograph is equipped with a conductivity 

detector and a 3.9- x 150-mm column containing packing 

L60. The flow rate is about 1.0 mL per minute. The detector 

and column temperature are maintained at 35° and 30°, re

spectively. Chromatograph the System suitability solution, 

and record the peak responses as directed for Procedure: 

the relative retention time is about 0.9 for 2-hydroxypropyl

trimethyl ammonium chloride and 1.0 for bethanechol; the 

resolution, R, between 2-hydroxypropyltrimethyl ammo

nium chloride and bethanechol is not less than 1.5. Chro

matograph the Standard solution, and record the peak 

responses as directed for Procedure: the relative standard 

deviation for replicate injections is not more than 10.0% 

for bethanechol chloride. 

Procedure-Separately inject equal volumes (about 50 

µL) of the Mobile phase, the Standard solution, and the Test 

solution into the chromatograph, record the chromatograms, 

and measure the peak responses for all the peaks. Calculate 

the percentage of each impurity in the portion of Bethane

chol Chloride taken by the formula : 

2500C(F/W)(r,I rs), 

in which C is the concentration, in mg per mL, of USP 

Bethanechol Chloride RS in the Standard solution; F is 

the relative response factor and is equal to 0.79 for 2-hydro

xypropyltrimethyl ammonium and 1.0 for any other impuri

ty; r; is the peak response for any impurity in the Test 

solution; rs is the peak response of USP Bethanechol Chlo

ride RS in the Standard solution; and Wis the weight, in mg, 
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of Bethanechol Chloride taken to prepare the Test solution. 

Not more than 1.0% of 2-hydroxypropyltrimethyl ammo

nium is found, not more than 0.1 % of any other impurity 

is found , and the sum of all the impurities is not more than 

1.5%. 11,,, USPll 

Change to read: 
Assay Dissel ,'e aee1:1 t 500 n~g ef BeH1aHeehe l Chleride, ae 
ettratel~• v, eighed , iH a mi1ctt1re ef IO mL sf glae ial aeet ie aeid 
tlfld IO Htto ef fl'lereurie aeetate T8. Add 2 drefl9 ef ef)'Stal ~·ielet 
T8, aHd titrate with 0.1 ~I (lerehls rie aeid \'8. Perfefffl a e!Elflk de 
tefffliHatisH, aHd mal,e Elf!)' HeeesSElf)' esrreetisH. Baeh n1L sfO. l ~I 
flereh lsrie aeid is BEt Ui ,·aleHt ts 19 .67 mg sf C+·H.1.,.~G;i~ 

• Buffer solution-Transfer about 29 mg of edetate di

sodium to a l 000-mL vo lumetric flask , and dissolve in 

500 mL of water. Add 300 µL of nitric acid to the volu

metric flask, and dilute with water to volume. Filter through 

0.45-µm nylon membrane filter. 

Mobile phase-Prepare a filtered and degassed mixture of 

Buffer solution and acetonitrile (95:5). Make adjustments if 

necessary (see System Suitability under Chromatography 

(62 1)). 

System suitability solution- Transfer about 25 mg of 

Bethanechol Chloride, accurately weighed, to a 250-mL 

volumetric flask. Add l 0 mL of 0.1 N sodium hydroxide, 

and allow to stand for about 15 minutes . Add 10 mL of 

0.1 N hydrochloric acid . Dissolve in and dilute with Mobile 

phase to volume, and mix. 

Standard preparation- Dissolve an accurately weighed 

quantity of USP Bethanechol Chloride RS in Mobile phase, 

and dilute quantitatively, and stepwise if necessary, with 

Mobile phase to obtain a solution having a known concen

tration of about 0.1 mg of USP Bethanechol Chloride RS 

per mL. 

Assay preparation- Transfer about 25 mg ofBethanechol 

Chloride, accurately weighed, to a 250-mL volumetric flask. 

Dissolve in and dilute with Mobile phase to volume, and 

mix. 

Chromatographic system (see Chromatography (621))

The liquid chromatograph is equipped with a conductivity 

detector and a 3.9- x 150-mm column containing packing 

L60. The flow rate is about 1.0 mL per minute. The detector 

and column temperature are maintained at 35° and 30°, re

spectively. Chromatograph the System suitability solution, 

and record the peak responses as directed for Procedure: 

the relative retention times are about 0.9 for 2-hydroxypro

pyltrimethyl ammonium chloride and 1.0 for bethanechol, 

and the resolution, R, between 2-hydroxypropyltrimethyl 

ammonium chloride and Bethanechol is not less than 1.5. 

Chromatograph the Standard preparation, and record the 

peak responses as directed for Procedure: the tailing factor 

is not more than 3.5 ; and the relative standard deviation for 

replicate injections is not more than 3.0%. 

Procedure-Separately inject equal volumes (about 25 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the peak responses. Calculate the quantity, in mg, 

of C7H 17CIN20 2 in the portion of Bethanechol Chloride ta

ken by the formula: 

250C(rul rs), 

in which C is the concentration, in mg per mL, of USP 

Bethanechol Chloride RS in the Standard preparation; 

and ru and rs are the bethanechol chloride peak responses 

obtained from the Assay preparation and the Standard prep

aration, respectively .• usp27 
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BRIEFING 

Bethanechol Chloride _Ta blets, USP 26 page 245. It is pro
posed to change the analytical methods used to quantify the sam
ples m the Dissolution test, in the Assay, and in the newly proposed 
Related compounds test becaus~ comments were received stating 
that the column used was specific for JUSt one equipment brand, 
and no alternative has been found. See briefing under Bethanechol 
Chloride. 

(PA3 : S. Salado) RTS- 37440-2; 38296-2 

Change to read: 
Dissolution (71 !)-

Medium: 0.1 N hydrochloric acid; 900 mL. 
Apparatus 2: 50 rpm. 
nme: 30 minutes. 
Deleffflff!e the 1uf!et:1f!t ef C,H..,.GIN.G. disseh•ed B)' eH!ple,•if!g 

the fellewiHg ffle!hed. 

"Determine the amount of bethanechol chloride 

(C1H11CIN2~2) _dissolved using the following method .• usm 
. SttMtkt, ri JB,lllltern Use the $/s11tkt, tip, eps, s1ia11, prepared as 

d1reeted tf! !he Asstt;, tmder Bc1hs1wchal Gh.181 itic lit:fcclia11. 
,... ,~1·1,c:tl-1;:·~ Prseeed as direetes iR lhe Asss; \!f!Ber Bcths11_ccha.' 
=1181 "~ "IJCC/11,11 , eiteept te 1'f11tke ltf!)' f!eeessary ,•sl\!ffletne ad 
J MS!t'flef!t9. 

"Buffer solution, Mobile phase, and Chromatographic 

system-Proceed as directed in Assay. 

Standard solution-Dissolve an accurately weighed 

quantity of USP Bethanechol Chloride RS in Dissolution 

Medium, and dilute quantitatively, and stepwise if neces

sary, with Dissolution Medium to obtain a solution having 

a known concentration of USP Bethanechol Chloride RS 

approximately corresponding to the concentration of the 

solution under test. 

Procedure-Separately inject equal volumes (about 100 

µL) of a filtered portion of the solution under test and the 

Standard solution into the chromatograph, record the chro

matograms, and measure the responses for the major peaks. 

Calculate the quantity of bethanechol chloride 

(C7H17ClN2O2) dissolved based on the peak responses ob

tained from the solution under test and the Standard solu

tion . 

Tolerances-Not less than 80% (Q) of the labeled amount 

of C1H 17CIN2O2 is dissolved in 30 minutes .• usm 

Delete the following: 
..,Lifflit ef l hytlre,.nnef)yltFifflethyl 1tfflffl8Hit:1ffl ehleritle 

f>i.'t,tMI, M-ahUc phssc , E,,stcm s11itsl,ilif; sBlllltia,1, 1tRd 
Gh, Bmstar;, t1p1~ic SJ :;/cm Preeeed as difeeted iH the A33tt;, \!Hder 
Bct1~s11eehat 01c11,1·itie }11jeeli81'1. 

2 1f..fyd, a~'f}• 8f};•lh1 i,He!:h;! tliJtJnaniuin ch!a, itk salH!:ion Pre 
pare as direeted fur bimil sf 2 l;;,tii B~'P• ap;•/41 i,11eth;t smm1,11illlm 
e/;f1,1·itic :;1,lt1liB11 l!Bder Bet/;cmeeh1,l Gh/Q1·itie btjeeti1,11. 

. $/s11tkt, ti 58lllllia,, Use the 8-ls,1tkt, tip, eps, stian, prepared as 
d1reeted tfl the ,fast1) ttHder Be1/;s,1eeh1,l G'itQ, itie },1:ieetia,1. 

ml !i8tllllia,1 Use the AsM;, p, CfJBI stia11. 
A 1,cetiw c Separately iRjee, eqH1tl Yel\!ffles (aeettt 5Q J:lq ef 

the Slsntkt, tl-sB,1llllta111tF1d the Tes/ 58{1,t/ia,1 iHto the ehroFRategrltj'lh 
reeers the ehreFF11ttegr1tFF1s, 1tF1d 1He1ts1,1re the peak resiieHses fu; 
eeth1tHeehel 1tF1d 2 hydreR)'flrep,·lffiFF1eth)·l 1tfflfflBF1il!ffl ehleride. 
C1tlet:1!1tte the pereei:itage ef 2 h)•dre!t)'prep,•ltriFF1eth) l 1tff\!'flBF1iMFF1 
elllende tfl the peFt1eF1 ef :i:aelets t1tlcoF1 ey the fun'fl\!l1t: 

l QQ(C/U<)(, ,,t..,,i,; 

ifl ,, hi_eh C is the eeReeF1tr1ttieF1, itt fflg per l'flL, of USP Beth1tF1eehel 
Chlende RS tfl th_e S-l_s11tkt, ri :;al,,itia11; Wis the weight, ifl FRg, ef 
liethltfleehel ehlende tfl the Test :;al-11tia,1;,, is the pealc resiieHse fur 
2 h)·dren) prep,•ltAt'flethyl a~eflittffl ehleride; !IHd 11, is the pealc 
reSfl8Fl58 fur eeth1tfl88hel eet1t1F1ed tf8ffl the S1s11tkt1'li :;1,{1,tlia11: FIBI 
fflere th1tF1 2.Q% is fut:1F1d .• usPll 

Add the following: 

"Related compounds-

Buffer solution-Transfer about 0.48 g of methanesulfo-
~ 

nic acid to a 1000-mL volumetric flask. Dissolve in and di

lute with water to volume. 

Mobile phase-Prepare a filtered and degassed mixture of 

Buffer solution and acetonitrile (95:5). Make adjustments if 

necessary (see System Suitability under Chromatography 

(621 )). 

Standard solution-Dissolve an accurately weighed 

quantity of USP Bethanechol Chloride RS in Mobile phase 

and dilute quantitatively, and stepwise if necessary, with 

Mobile phase to obtain a solution having a known concen

tration of about I µg of USP Bethanechol Chloride RS per 

mL. 

Test solution-Weigh and finely powder not fewer than 20 

Tablets. Transfer an accurately weighed portion of the pow

der, equivalent to one Tablet, to a suitable volumetric flask 

so that the final solution yields a concentration of about 0.1 

mg per mL ofbethanechol chloride. Add an amount of Mo

bile phase, about 60% to 70% of the total volume of the 

flask. Sonicate for 20 minutes. Shake on mechanical shaker 

for about 15 minutes. Dilute with Mobile phase to volume, 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 

l 
\ 

a 

ti 

ti 

b 

V 

a 

0 

p 

l 

d 

L 

a 

s 

a 

ti 

p 

a 

a 

( 

d 

f, 

µ 

n 

s 

f 

ti 

X 

C 



Pharmacopeial Forum 
Vol. 29(1) [Jan.-Feb. 2003] IN-PROCESS REVISION 55 

and mix. Allow to stand for 10 minutes, and filter the solu

tion through a 1-µm glass filter, discarding the first 3 mL of 

the filtrate . 

System suitability solution-Transfer about 25 mg of 

bethanechol chloride, accurately weighed, to a 250-mL 

volumetric flask . Add IO mL of 0.1 N sodium hydroxide, 

and allow to stand for about 15 minutes. Add 10 mL of 

0.1 N hydrochloric acid. Dissolve in and dilute with Mobile 

phase to volume, and mix. 

Chromatographic system (see Chromatography (62 1) )

The liquid chromatograph is equipped with a conductivity 

detector and a 3. 9- x 150-mm column containing packing 

L60. The flow rate is about 1.0 mL per minute. The detector 

and column temperature are maintained at 35° and 30°, re

spectively. Chromatograph the System suitability solution , 

and record the peak responses as directed for Procedure: 

the relative retention times are about 0.9 for 2-hydroxypro

pyltrimethyl ammonium chloride and 1.0 for bethanechol, 

and the resolution, R, between 2-hydroxypropyltrimethyl 

ammonium chloride and bethanechol is not less than 1.5. 

Chromatograph the Standard solution, and record the peak 

responses as directed for Procedure: the relative standard 

deviation for replicate injections is not more than 10.0% 

for bethanechol chloride. 

Procedure-Separately inject equal volumes (about 50 

µL) of the Standard solution and Test solution into the chro

matograph, record the chromatograms, and measure the re

sponses for all of the peaks. Calculate the percentage of each 

impurity in the portion of Tablets taken by the formula: 

100 V(F/W)C(rJ rs), 

in which C is the concentration, in mg per mL, of USP 

Bethanechol Chloride RS in the Standard solution; F is 

the relative response factor and is equal to 0.79 for 2-hydro

xypropy ltrimethyl ammonium chloride and 1.0 for any 

other impurity; r, is the peak response for any impurity in 

the Test solution; rs is the peak response of USP Bethane

chol Chloride RS in the Standard solution; and Wis the 

amount, in mg, of bethanechol chloride taken to prepare 

the Test solution and the results obtained in the Assay. Not 

more than 1.0% of 2-hydroxypropyltrimethyl ammonium 

chloride is found, not more than 0.2% of any other impurity 

is found, and the sum of all the impurities is not more than 

1.5% . .., uSP27 

Change to read: 
Assay-

fJil11e,rl , J,f.ehile fJHf'l!Je, S,3te111 3uitf'lhilil)' !JBlutiB11 , Stf'111tif'l,'ti 
p!Y!pf'l/'€1/iBi'I, !!HS G~. 8nlf'll8'f;i {Jf}•~ie !iy'!JICfll Preeeea as aireetea 
iH tl!e ,fa.YI!) 1:1Haer Bel,~f'l,ieelwl Cht<J, ide },1:/eetiB11. 

A331!) fJ• t:pf'I, f'lliB/1 Tr!!HSfer f!St fe" er tR!!f! 20 Tue lets iflt8 !! 
Sl:!i!aele eef!l!!if!OF, l½f!8 aissehe ifl ',','!!!er le ee!aifl !! t=iHal 08f!00f! 
tra!ieH ef aeel:!! I FHg ef ee!l!aHeel!el 19er ffiL. Pill the filaslt te 1119 
19reniFHatel) 75% ef its ea19aei!y with ua!er. After eeFH19lete 
aisiHtegra!iefl ef !AO Tuelets, aill:!te with waler le Y8l1:!FHe, Fflilt , 
af!a Riter. 

A Beedu, e Se19aratel) i11jeet eqt:tal , elmHes (aeel:!t 50 t:tL) ef 
the S/f'111dtt, 'tip, t:pf'I, f'lliB,1 !!Ha tl~e A331!) p, epf'I, f'lliB,r inte tl!e el!re 
rnategra191!, reeera tl!e eftfeFHategraFHs, aHa FHeas1:1re tl!e res19eHses 
fer tl!e rnajer peal,s. Cale1:1late tl!e !jl:!!!Hti~·, i11 rHg, ef eethaHeehel 
el!leriae (C.,.u...,gw.g.) in tl!e peRien e f Tue lets talcen 8) tl!e fer 
ffittffr.-

1 00CfJE, .,,.,t..,,m 
in .. l!ieh C is tl!e ee11eentratieH, i11 r'flg 19er FHL, efUSP Be!l!aHeehel 
I lyareel=lleriae RS ifl the S-lf'111df'l, ti fJ• C/Jf'I• f'lliB,1; fJ is the aill:!tiBH 
fae!er ef tl!e A!i!it!) p, t:pf'I, f'lliB11 , ans , .,rftfttH'i; are tl!e eetl!aneel!el 
pealt fOSJ98f!Ses eetai11ea ff8l'fl tl!e A331!) fJ• epm f'lliB,r !!!18 tl!e S-lf'li! 
df'I, d p, eptt, f'lliB,1 , respeeti, el) . 

"'Buffer solution-Transfer about 29 mg of edetate di

sodium to a 1000-mL volumetric flask, and dissolve in 

500 mL of water. Add 300 µL of nitric acid to the volu

metric flask, and dilute with water to volume. Filter through 

a 0.45-µm nylon membrane filter. 

Mobile phase-Prepare a filtered and degassed mixture of 

Buffer solution and acetonitrile (95:5). Make adjustments if 

necessary (see System Suitability under Chromatography 

(621 )). 

Standard preparation-Dissolve an accurately weighed 

quantity of USP Bethanechol Chloride RS in Mobile phase, 

and dilute quantitatively, and stepwise if necessary, with 

Mobile phase to obtain a solution having a known concen

tration of about 0.1 mg of USP Bethanechol Chloride RS 

per mL. 
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Assay preparation-Weigh and finely powder not fewer 

than 20 Tablets . Transfer an accurately weighed portion of 

the powder, equivalent to one Tablet, to a suitable volu

metric flask so that the final solution yields a concentration 

of about 0.1 mg per mL of bethanechol chloride. Add an 

amount of Mobile phase, about 60% to 70% of the total vol

ume of the flask. Sonicate for 20 minutes. Shake on mechan

ical shaker for about 15 minutes. Dilute with Mobile phase 

to volume, and mix . Allow to stand for 10 minutes, and filter 

the solution through a 1-µm glass filter, discarding the first 3 

mL of the filtrate. 

System suitability solution-Transfer about 25 mg of 

bethanechol chloride, accurately weighed, to a 250-mL 

volumetric flask. Add 10 mL of 0.1 N sodium hydroxide, 

and allow to stand for about 15 minutes . Add 10 mL of 

0.1 N hydrochloric acid. Dissolve in and dilute with Mobile 

phase to volume, and mix . 

Chromatographic system (see Chromatography ( 621) }

The liquid chromatograph is equipped with a conductivity 

detector and a 3.9- x 150-mm column containing packing 

L60. The flow rate is about 1.0 mL per minute. The detector 

and column temperature are maintained at 35° and 30°, re

spectively. Chromatograph the System suitability solution, 

and record the peak responses as directed for Procedure: 

the relative retention time is about 0.9 for 2-hydroxypropyl

trimethyl ammonium chloride and 1.0 for bethanechol, and 

the resolution, R, between 2-hydroxypropyltrimethyl am

monium chloride and bethanechol is not less than 1.5 . Chro

matograph the Standard preparation, and record the peak 

responses as directed for Procedure: the tailing factor is 

not more than 3.5; and the relative standard deviation for 

replicate injections is not more than 3 .0%. 

Procedure-Separately inject equal volumes (about 50 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the peak responses. Calculate the quantity, in mg, 

of C1H 11CIN2O2 in the portion of Tablets taken by the for

mula: 

in which C is the concentration, in mg per mL, of USP 

Bethanechol Chloride RS in the Standard preparation; V 

is the volume, in mL, of the flask used to prepare the Assay 

preparation; and ru and rs are the bethanechol chloride peak 

responses obtained from the Assay preparation and the 

Standard preparation, respectively . ..._ usn7 

B RIEFING 

Cefaclo r Capsules, USP 26 page 351 and page 1087 of PF 

28(4) [July- Aug. 2002] . On the basis of comments and data re

ceived, the proposed limits in the test for Related compounds are 

changed from not more than 1.0% for any individual related com

pound and not more than 3.0% of the total related compounds to 

not more than 0.5% of any individual related compound and not 

more than 2.0% of total related compounds. 

(PA7: W. Wright) RTS- 38836-2 

Add the following: 

•Related compounds-

Solvent, Blank solution, Solution A, Solution B, Mobile 

phase, Standard solution, System suitability solution, and 

Chromatographic system-Proceed as directed for Related 

compounds under Cefaclor. 
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Test solution-Remove as completely as possible the 

contents of not fewer than 20 Capsules, and mix. Transfer 

an accurately weighed portion of the combined contents, 

equivalent to about 50 mg of cefaclor, to a 10-mL volu

metric flask . Dissolve in Solvent, using brief sonication, if 

necessary, to achieve dissolution. Avoid heating. Dilute with 

Solvent to volume, mix, and filter. [NOTE-Use this Test 

solution within 3 hours if stored at room temperature, or 

within 20 hours when stored under refrigeration.] 

Procedure-Separately inject equal volumes (about 20 

µL) of the Standard solution and the Test solution into the 

chromatograph, record the chromatograms, and measure the 

peak area responses for all the peaks. Calculate related com

pound; in mg, in the portion of Capsules taken by the for

mula: 

0.01 CP(r;I rs), 

in which the terms are as defined for Related compounds un

der Cefaclor. Not more than -l-:G¾0.5% of any individual ce

faclor related compound is found; and the sum of all 

cefaclor related compounds found is not more than 

~2.0%, excluding the contribution of any peak that 

gives a result of less than 0.1 %,. usm 

B RIEFING 

Clindamycin Phosphate, USP 26 page 473 and page 3267 of 
PF 27(6) [Nov.-Dec. 2001] . Based on comments and data re
ceived, modifications are made in this proposed liquid chromato
graphic test for Related compounds. It is proposed to specify limits 
of not more than 2.5% of any individual related compound, instead 
of not more than 1.6% as originally proposed, and not more than 
4.0% of total related compounds, instead of not more than 2.6% as 
originally proposed. 

(PA 7: W. Wright) RTS- 3 74 78-1; 38809-1 

Add the following: 

•Related compounds-

Buffer solution, Organic solution, Diluent, Solution A, 

Solution B, Mobile phase, and Chromatographic system

Proceed as directed in the Assay. 

Standard solution-Transfer 4 .0 mL of the Standard 

preparation, prepared as directed in the Assay, to a 50-mL 

volumetric flask, dilute with Diluent to volume, and mix. 

Transfer 4.0 mL of this solution to a second 50-mL volu

metric flask, dilute with Diluent to volume, and mix. 

Test solution-Use the Assay preparation. 

Procedure-Separately inject equal volumes (about 25 

µL) of the Standard solution and the Test solution into the 

chromatograph, record the chromatograms, and measure the 

peak areas. Calculate the percentage of each related com

pound in the portion of Clindamycin Phosphate taken by 

the formula: 

0.00064(? Ws!W u)(r; lr5F), 

in which P is the potency, in µg of clindamycin per mg, of 

USP Clindamycin Phosphate RS; W5 is the weight, in mg, of 

USP Clindamycin Phosphate RS in the Standard solution; 

Wu is the weight, in mg, of Clindamycin Phosphate taken to 

prepare the Test solution; r; is the peak area for each related 

compound obtained from the Test solution; r5 is the peak 

area for clindamycin phosphate obtained from the Standard 

solution; and F is the response factor of any individual re

lated compound relative to that of clindamycin phosphate, 

specifically 0.06, 1.67, and 1.67 for related compounds at 

relative retention times of 0 .29, 0.40, 0.41, and 1.0 for 

any other related compound. Not more than -I-#¼, 2.5% of 

any individual impurity is found, and the sum of all related 

compounds is not more than ~ 4.0% .• usn7 
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BRIEFING 

Clonidine, page 1263 of PF 28(4) [July- Aug. 2002]. This new 
monograph, which previously appeared in Pharmacopeia/ Pre
views, is now forwarded to In-Process Revision with a correction 
for the designation of the chromatographic column used in the 
Chromatographic purity test: the correct designation is L59. 

(BPC: M. Marques) 

Add the following: 

_..Clonidine 

230.09 

RTS- 39178-1 

Benzenaminc, 2,6-dichlorophenyl-N-2-imidazolidinyli

dene-. 

2-[ (2,6-D ichlorophenyl)imino ]imidazolidine 

[ 4205-90-7]. 

» Clonidine contains not less than 99.0 percent 

and not more than 101.0 percent of C9H9N3Clz, 

calculated on the dried basis. 

Packaging and storage--Preserve in tight containers, and 

store at room temperature. 

USP Reference standards (1 !)-USP Clonidine RS USP 

Clonidine Related Compound A RS. 

Identification-

A: Infrared Absorption ( I 97K). 

B: Ultraviolet Absorption (197U)

Solution: 0.3 mg per mL. 

Medium: 0.0 I N hydrochloric acid. Absorptivities for the 

maxima at 271 and 279 should be about 2.1 and 1.8, calcu

lated on the dried basis. 

Appearance of solution-

Color of solution- Dissolve 1.0 g in 10.0 mL of metha

nol: the color of the solution is not more intense than 10 mL 

of a Standard solution containing 4.8 µg per mL of potas

sium chromate in water, when compared in matched col

or-comparison tubes (see Visual Comparison under 

Spectrophotometry and Light-Scattering (851 ) ). 

Turbidity- The test solution prepared as directed under 

Color of solution has no more turbidity than 10 mL of 

methanol, when compared in matched color-comparison 

tubes (see Visual Comparison under Spectrophotometry 

and Light-Scattering (851 ) ). 

Loss on drying (731 )- Dry it under vacuum at 60° to con

stant weight: it loses not more than 0.5% of its weight. 

Residue on ignition (281 ): Ignite at 500° ± 25° to constant 

weight; not more than 0.1 %. 

Heavy metals, Method II (23 I): IO µg per g. 

Chromatographic purity-

Solution A-Dissolve 4 g of monobasic potassium phos

phate in 1000 mL water. Adjust with 1 M phosphoric acid, 

prepared by diluting 115 g of phosphoric acid and diluting 

with water to I 000 mL, to a pH of 4 .0. 

Solution B- Combine 750 mL of acetonitrile with 250 

mL of Solution A. 

Blank- Solution A. 

Mobile phase-Use variable mixtures of Solution A and 

Solution Bas directed for Chromatographic system (see Sys

tem Suitability under Chromatography ( 62 I)). 

Acetylclonidine solution- Dissolve about I mg of~ 

AeetyleleHiaifle RSUSP Clonidine Related Compound A 

RS in I mL of acetonitrile, and dilute with Solution A to 

20 mL. 
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System suitability solution-Combine an accurately 

weighed quantity of USP Clonidine RS and an appropriate 

volume of Acetylc/onidine solution, and dissolve in and di

lute with Solution A to obtain a solution containing about 

0.86 mg per mL and 0.86 µg per mL, respectively. 

Standard solution-Dissolve an accurately weighed 

quantity of USP Clonidine RS in Solution A, and dilute 

quantitatively, and stepwise if necessary, with Solution A 

to obtain a solution having a known concentration of about 

8.6 µg per mL. 

Test solution-Transfer about 43 mg of Clonidine, ac

curately weighed, to a 50-mL volumetric flask, dissolve in 

and dilute with Solution A to volume, and mix. 

Chromatographic system (see Chromatography (621) )-

The liquid chromatograph is equipped with 210-nm detector 

and a 3.0-mm x 15-cm column that contains 5-µm packing 

hH L59. The column temperature is maintained at 40°. The 

flow rate is about 1.5 mL per minute. The chromatograph is 

programmed as follows: 

Time Solution A Solution B 

(minutes) (%) (%) Elution 

0-15 90-+30 10-+70 linear gradient 

15- 15.1 30-+90 70-+10 linear gradient 

15.1-20 90 10 equilibration time 

Chromatograph the Blank and the System suitability solu

tion, and record the peak responses as directed for Proce

dure: the resolution factor between clonidine and 

acetylclonidine is not less than 5; and the tailing factor for 

clonidine is less than 2.5. Chromatograph the Standard 

solution, and record the peak responses as directed for 

Procedure: the relative standard deviation for replicate in

jections of the Standard solution is not more than 5%. 

Procedure-Separately inject equal volumes (about 5 µL) 

of the Standard solution and the Test solution into the chro

matograph, record the chromatograms, and measure the 

peak responses for all peaks not observed in the Blank. Cal

culate the percentage of each impurity in the Clonidine ta

ken by the formula: 

in which C is the concentration, in µg per mL, of USP Clo

nidine RS in the Standard solution; Wis the weight, in mg, 

of Clonidine used to prepare the Test solution; ri is the peak 

response for each impurity in the Test solution; and r5 is the 

peak response of clonidine in the Standard solution: not 

more than 0.1 % of any individual impurity is found and 

not more than 0.2% of total impurities is found. 

Organic volatile impurities, Method IV (467): meets the 

requirements. 

Assay- Dissolve about 190 mg of Clonidine, accurately 

weighed, in about I 00 mL of glacial acetic acid. Titrate with 

0.1 N perchloric acid VS, determining the endpoint poten

tiometrically, using a silver- silver chloride glass combina

tion electrode with liquid junction (see Titrimetry (541 )). 

Perform a blank determination, and make any necessary cor

rection (see Titrimetry (541 ) ). Each mL of 0.1 N perchloric 

acid is equivalent to 23.01 mg of clonidine 

(C9H9N3Cl2)-.usm 
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BRIEFING 

Dolasetron Mesylate Injection, page 8493 of PF 25(4) [July
Aug. 1999]. The proposed revision is intended to correct the limit 
in the test for Bacterial endotoxins. The revised limit is based on 
the maximum single dosage for the Dolasetron Mesylate Injection. 
In addition, editorial style changes have been made. 

(PA4: E. Gonikberg; AMB: D. A. Porter) RTS- 38402-1 

Add the following: 

•Dolasetron Mesylate Injection 

» Dolasetron Mesylate Injection is a sterile solu

tion, suitable for intravenous administration, con

taining Dolasetron Mesylate in a buffer solution. 

It contains not less than 90.0 percent and not more 

than 110.0 percent of the labeled amount of dola

setron mesylate (C19H20N203 · CH403S · H20). 

Packaging and storage-Preserve in a single-dose con

tainer, protected from light. Store at controlled room tem

perature. 

Labeling-Label it to indicate that it may be diluted with a 

suitable parenteral vehicle prior to intravenous infusion. 

USP Reference standards ( 11 )-USP Dolasetron Mesy

late RS. USP Endotoxin RS. 

Identification, Infrared Absorption ( i 97K)-

Test specimen-Transfer a portion oflnjection, equivalent 

to about 100 mg of dolasetron mesylate, to a 150-mL bea

ker. Add about 20 mL of water and IO mL of a sodium hy

droxide solution (1 in I 0). Mix, and allow to stand at room 

temperature for 30 minutes. Pass through a filtering crucible 

with fritted disk having a medium porosity, using about 100 

mL of water to aid in the transfer. Dry the precipitate in a 

vacuum oven at 105° for 4 hours. Prepare a 1.5% mixture 

of the dried powder with potassium bromide. 

Bacterial endotoxins (85)-It contains not more than +G 

2. 7 USP Endotoxin Units per mg of dolasetron mesylate. 

pH (791 ): between 3.2 and 3.8. 

Sterility (+I-): fflee~s tfle reEJttiFefflefitS. 

Particulate matter (788 ): meets the requirements for 

small-volume injections. 

Other requirements-It meets the requirements under In

jections (I). 

Assay-

Mobile phase-Proceed as directed in the Assay under 

Dolasetron Mesylate. 

System suitability preparation-Dissolve accurately 

weighed quantities of USP Dolasetron Mesylate RS and in

dole-3-carboxylic acid in Mobile phase, and dilute quantita

tively, and stepwise if necessary, with Mobile phase to 

obtain a solution having known concentrations of about 

0.1 mg per mL and 0.02 mg per mL, respectively. 

Standard preparation-Dissolve an accurately weighed 

quantity of USP Dolasetron Mesylate RS in Mobile phase 

to obtain a solution having a known concentration of about 

0.1 mg per mL. 

Assay preparation-Using a "to contain" pipet, transfer 

2.5 mL of Injection to a 50-mL volumetric flask. Rinse the 

pipet with several portions of Mobile phase, and collect the 

rinses in the same flask. Dilute with Mobile phase to vol

ume, and mix . Pipet 5.0 mL of this solution into a 50-mL 

volumetric flask, dilute with Mobile phase to volume, and 

mix. 

Chromatographic system (see Chromatography ( 621) }

Prepare as directed in the Assay under Dolasetron Mesylate. 

Chromatograph the System suitability preparation, and re

cord the peak responses as directed for Procedure: the reso

lution, R, between indole-3-carboxylic acid and dolasetron 

mesylate is not less than 4; and the tailing factor for the do

lasetron mesylate peak is not more than 1.8. Chromatograph 
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the Standard preparation , and record the peak responses as 

directed for Procedure: the relative standard deviation for 

replicate injections is not more than 1.5%. 

Procedure- Separately inject equal volumes (about 20 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, ttHti record the chromatograms, and 

measure the areas for the major peaks. Calculate the quan

tity, in mg , of dolasetron mesylate (C1 9H 20N 20 3 · 

CH40 3S · H20) in each mL of Injection taken by the for

mula: 

200C(rulrs), 

in which C is the concentration, in mg per mL, of USP Do

lasetron Mesylate RS in the Standard preparation; and ru 

and r5 are the peak responses obtained from the Assay prep

aration and the Standard preparation , respectively .• usp27 

BRIEFING 

Doxazosin Mesylate, page 1403 of PF 28(5) [Sept.-Oct. 

2002). This monograph is being presented again with a proposed 

revision to the fonnula for the calculation in the test for Chromato

graphic purity. 

(PAS: A. Wilk) RTS- 37625-1 

Add the following: 

•Doxazosin Mesylate 

H,co " o_(olQJ 

~

y\ __ _/_g 0 
H,co N o 

NH 2 

C23H2sNsO; · CH4S03 ~ 547.58 

• CH,SO,H 

Piperazine, !-( 4-amino-6, 7-dimethoxy-2-quinazolinyl)-4-

[(2,3-dihydro- J ,4-benzodioxin-2-yl)carbonyl]-, mono

methanesulfonate. 

!-( 4-Amino-6, 7-dimethoxy-2-quinazolinyl)-4-( 1,4-benzo

dioxan-2-ylcarbony l)piperazine monomethanesulfo-

nate [77883-43-3]. 

» Doxazosin Mesylate contains not less than 98.0 

percent and not more than 102.0 percent of 

C23H2sNsOs · CH4S03, calculated on the ftfiftj'

erettS dried basis. 

Packaging and storage-Preserve in well-closed con

tainers . 

USP Reference standards ( 11 )-USP Doxazosin Mesylate 

RS. USP Terazosin Related Compound A RS. USP Terazosin 

Related Compound C RS. 

Identification-

A: Infrared Absorption +9-7-M( 197K). 

B: The retention time of the major peak in the chroma

togram of the Assay preparation corresponds to that in the 

chromatogram of the Standard preparation, as obtained in 

the Assay. 

Loss on drying (731 )-Dry at 105 ° under vacuum for 4 

hours: it loses not more than 1.0% of its weight. 

\J/e~eF, Meth mi I ( 9-U) : Het ffle Fe thlffl 1. 0%. 

Residue on ignition (281 ) : not more than 0.1 %. 

Heavy metals, Method II (231 ): 20 µg per g. 

Change to read: 

Chromatographic purity [Te eeme.] 

Solution A-Dissolve 17.3 g of sodium 1-octanesulfonate 

and 5.4 mL of phosphoric acid in 4 liters of water. Adjust 

with I M sodium hydroxide to a pH of 2.5, and mix. 

Solution B- Use acetonitrile. 
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Mobile phase-Use variable mixtures of Solution A and 

Solution B as directed for Chromatographic system. Make 

adjustments if necessary (see System Suitability under 

Chromatography (621 )). 

Dilue111-Dissolve 2.7 ml of phosphoric acid in 2 liters of 

water. Adjust with I M sodium hydroxide to a pH of 2.5, 

and mix. 

Blank solution-Prepare a solution of dimethyl sulfoxide 

and Diluent (l in I 00). 

System suitability solution-Prepare a solution containing 

about 1.5 µg of USP Terazosin Related Compound A RS per 

ml, 0.5 µg of USP Terazosin Related Compound C RS per 

mL, and 0.5 µg of USP Doxazosin Mesylate RS per mL in 

Blank solution. 

Standard stock solution-To an accurately weighed quan

tity of USP Doxazosin Mesylate RS, add a volume of di

methyl sulfoxide, equivalent to about I% of the flask 

volume, sonicate for one minute, and dilute quantitatively, 

and stepwise if necessary, with Diluent to obtain a solution 

having a known concentration of about 0.1 mg per mL. Son

icate, if necessary, until dissolved. 

Standard solution-Quantitatively, and stepwise if neces

sary, dilute a volume of Standard stock solution with Blank 

solution to obtain a solution containing 0.5 µg of doxazosin 

mesylate per mL. 

Test solution-Transfer about 50 mg ofDoxazosin Mesy

late, accurately weighed, to a 100-mL volumetric flask, add 

I mL of dimethyl sulfoxide, and sonicate for I minute. Di

lute with Diluent to volume and sonicate, if necessary, until 

dissolved. 

Chromatographic system (see Chromatography ( 621 ) )-

The liquid chromatographic system is equipped with a 245-

nm detector and a 4 .0- x 80-mm column that contains 

packing L 7. The flow rate is about I mL per minute. The 

chromatograph is programmed as follows . Chromatograph 

the System suitability solution, and record the peak re

sponses as directed for Procedure: the resolution between 

terazosin related compound C and doxazosin is not less than 

2.0. Chromatograph the Standard solution, and record the 

peak responses as directed for Procedure: the tailing factor 

is not more than 2.0; and the relative standard deviation for 

replicate injections for the main peak is not more than 5.0%. 

Time Solution A Solution B 

(min.) (%) (%) Elution 

0-20 75-,45 25->55 linear gradi-

ent 

20-35 45 55 isocratic 

35- 36 45-> 75 55--.25 linear gradi-

ent 

36-47 75 25 isocratic 

Procedure- Separately inject equal volumes (about I 0 

µL) of the Standard solution and the Test solution into the 

chromatograph, record the chromatograms, and measure the 

responses for all the peaks. Calculate the percentage of each 

impurity in the portion ofDoxazosin Mesylate taken by the 

fonnula: 

in which the response factor, F, is 0.6 for terazosin related 

compound A and 0.55 for terazosin related compound C; Cs 

is the concentration, in µg per mL, of USP Doxazosin Mes

ylate RS in the Standard solution; Cr is the concentration, in 

µg per mL, of doxazosin mesylate in the Test solution; r; is 

the peak response for each individual impurity, excluding 
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solvent peaks, obtained from the Test solution; and rs is the 

peak response obtained from the Standard solution: not 

more than 0.3% ofterazosin related compound A is found; 

not more than 0.1 % of any other individual impurity is 

found; and not more than 1.0% of total impurities is found. 

Assay-

Bcrf:fe,· s0fc1ti011 Pre13are a 0.05 M soltttioH offl10Hobasie 

13otassium 13l1os13l1ate b;• diseh·iflg O.€i8 g ef meHebasie 13e 

tassittffl 13l1es13l1ate ifl 100 mL of water. Adjttst witl1 1311os 

13l1erie aeiEI te a 13H ef 3 .0 _L 0.1. 

Mebilcpltasc Pre13are a filtereEI and Eiegassed fflillt\:tre ef 

Btt{fer so!tttion, methaRel, and aeetonitrile (€i:4: 1.5). Make 

adj t1stmeHts if neeessar;• (see 2')'5tcm sctitahility uHder 

Cltromatogrnph)· ( 6U) r-
8tandard prCfJarafion DissolYC aft aeettratel:,• weig11ed 

quaRtit;• of USP Dmut2osifl Mes;•late RS iH methane! to ob 

tain a solution haYiHg a lrnovm eoReeHtratioH ef abottt 0.30 

n1g 13er 111L. QuaHtitati'>•el;• dilute a Yolttme of this selutioH 

with Mebifcphasc to obtain a soltttioH haYiHg a k:RowH een 

eentrntion of about 15.0 µg of USP De1rn2osin Mes;•late RS 

~ -

A556) p,·CfJa,·atim1 TraHsfer about 75 mg ef DoicawsiH 

Mesylate, aeeuratel;• y,·eigl1ed, to a 250 mL Yolumetrie 

flask, dissolYe iH and dilute with methanol to Yelume, and 

mi1c. QuantitatiYely dilute a lrnowH Yolume of this solution 

v,·ith J,fobi!c phctsc to obtain a solutioH haYiHg a eoneeHtra 

tien efabout 15 .0 µg 13er mL. 

Citro met to graphic S,'fltc1n (see Cltr011,c1togrctph7· ( 6U )t-

The liquid ehromategra13h is equi1313ed v,·ith a 24 €i nm Eietee 

tor anEI a 3.9 mm lE 15.0 em eolttffifl that eoRtaiRs 13aelcing 

Ll. The flew rate is about 1.0 mL 13er ffiiRute. Chroffiato 

graiih the 8Mndctr.tf p1 CfJa,"Cttie,1 , aREi reeord the 13eak re 

SfleHses as direeted for Pr0ccdc1,c: the ea13aeity faetor, k', 

is not less thaR 4 .5; the tailiRg faetor is Rot HWre than 2.0; 

aRd the relati'>•e staRdard deYiatioR fer re13lieate i:ajeetions is 

Rot ffiOre thafl 2.0%. 

Procedure Se13aratel;• injeet equal Yoiuffies (about 10 

µL) ef the StaRdarEI 13re13aratieR aRd !'fie Assa;· 13reparatioF1 

into the ehromategra13h, reeord the ehrornategraffis, aRd 

ffieasure the res13onses fer the majer 13eaks. Caleulate the 

quaRtit;•, iR mg, of C~¼G¼--~W; iR the 13erti0n of 

Doica20sia ~.rfes;rlate talrnR b;r tl1e feffflula: 

-5-tf_t,.,,./-+,J-; 

iR whiel1 C is tl1e eot1.eeF1tratioR, iH µg 13er rnL, of USP Doic 

a20siF1 Mesylate RS iR the StaRdard 13re13aratioa; aREi r.,,,-aoo 
"i. am the 13eak res13ot1.ses obtaiB.ed froffl tl1e Assa)' p1'Cpara 

tio,1 aREi tl1e 8+a,1.i-fl1d pt CfJa1<ati011, res13eetivel;·. 

Buffer solution- Transfer 3.4 g of monobasic potassium 

phosphate into a I-liter flask, and add 800 mL of water 

and 4.0 mL of triethylamine to dissolve. Adjust with phos

phoric acid to a pH of 4.5 , and dilute with water to volume. 

Mobile phase- Prepare a filtered and degassed mixture of 

methanol and Buffer solution (11 :9). Make adjustments if 

necessary (see System Suitability under Chromatography 

(621 )). 

Diluent: Dissol ,•e 2.7 rnL ef 13l1es13l1erie aeid iR 2 !item 

ef water. Adjttst 1tYitl1 1 M sediuffi R)'drmcide te a 13H of 2.5, 

aHd ffiiic. a mixture of methanol and 0.1 N hydrochloric acid 

(9 : 1). 

Standard preparation-Dissolve an accurately weighed 

quantity of USP Doxazosin Mesylate RS in Diluent, and di

lute quantitatively, and stepwise if necessary, with Diluent 

to obtain a solution having a final concentration of about 

49 µg per mL. 
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Assay preparation- Transfer about 98 mg of Doxazosin 

Mesylate to a 200-mL volumetric flask, dissolve in and di

lute with Diluent to volume. Transfer 10.0 mL of this solu

tion to a 100-mL volumetric flask, dilute with Diluent to 

volume, and mix. 

Chromatographic system (see Chromatography ( 621 ) )

The liquid chromatograph is equipped with a 245-nm detec

tor and a 4.6-mm x 25-cm column that contains 5-µm 

packing L 1. The flow rate is about 1 mL per minute, and 

the column temperature is maintained at 40°. Chromato

graph the Standard preparation, and record the peak re

sponses as directed for Procedure: the capacity factor, le, 

for doxazosin is not less than 2.0; the column efficiency is 

not less than 1000 theoretical plates; the tailing factor is not 

more than 2.0; and the relative standard deviation for rep

licate injections is not more than 2.0%. 

Procedure-Separately inject equal volumes (about 20 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the responses for the doxazosin peaks. Calculate 

the quantity, in mg, ofC23H2sNsOs · CH4SO3 in the portion 

of Doxazosin Mesylate taken by the formula: 

in which C is the concentration, in µg per mL, of USP Dox

azosin Mesylate RS in the Standard preparation; and ru and 

rs are the peak responses obtained from the Assay prepara

tion and Standard preparation, respectively .• 2 

BRIEFING 

Doxazosin Tablets, page 289 of PF 28(2) [Mar.-Apr. 2002]. It 
is proposed to modify the Dissolution test in order to accomodate 
all approved products available on the U.S . market. 

(BPC: M. Marques) RTS- 36698-1; 38937-1 

Add the following: 

•Doxazosin l\4esylate Tablets 

» Dmrnzosin Mesylate Tablets eontain not less 

than 90.0 pereent and not more than 110.0 pereent 

of the labeled amount of doxazosin mesylate 

~~N~G~--~SG;J; 

Doxazosin Tablets contain an amount of doxa

zosin mesylate equivalent to not less than 90.0 

percent and not more than 110.0 percent of the la

beled amount of doxazosin (C23H2sNsOs). 

Packaging and storage-Preserve in tight containers. 

USP Reference standards ( 11 )-USP Doxazosin Mesylate 

RS. 

ThiB LayeF ChFotHatogFRphic lticBtificatioB Test 

Fe:it 9,9/r,i#em FiHel)' 13ewder !'let fewer thal'I 5 Tablets, 

a!'ld tra!'lsfer a!'I aeeuratel)' v,eighed 130Hien ef the 13ewder, 

eciui .. ·aleHt te !'let less tha!'I 2 tHg ef deica2esil'I ffieS)'late, te 

a eeHtrifuge ffiee . Add 1 fl'IL ef a fl'liRffife ef f!'lethaHel a!'ld 

glaeial aeetie oeid ( 1: 1), fl'lin e!'I a -.•effen miJcer fer oeeut 3 

fl'lil'lutes, a!'ld mctraet. Filter the eictraet, and use ilie tiltrate. 
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S,•a,1rJ.arrJ. so!utio11 DissolYe aR aeetuately weighea 

{11:taHtit)' of USP DoirnzosiR Mes)·late RS iR a miittl:lfe of 

methanol aREI glaeial aeetie aeia (I: I) to oetaiR a sol1:1tioR 

haviRg a lrnowR eoReeRtratioR of aeo1:1t Q.5 FRg per FRb. 

,4:J,p!ieatio11 ;o!imw: 2Q 1=tL. 

De,el-opi11g soh·e11t s,sk,11 Prepare a miitR:lre of 4 FReth 

yl 2 fleRtaRoRe, aeetie aei8, a!'l8 water (2: 1: 1). Seflarate, aR8 

1:1se the 1:tpfleF la;·er. 

Sp.-a;· ,·eage11t Disso!Ye a quaRtit)· of platiRie ehloriae, 

eq1:1iYaleRt to aeout Q.3 g of aRhyElrous fllatiRie ehloriae, 

iR 5 FRL of 1 N h;·Elroehlorie aeia (So!t1tion 1). Dissoh·e 5 

g off')otassi1:1m ioaiae iR 50 FR-L ofy,·ater (Solt1tio,1 2). TraHs 

fer 5 FRL ofSoh:1tio,11 aHEI 45 FRL ofSoh:1tio11 2 to a 15Q FRL 

Yol1:1FRetrie flask, Elilute with ·uater to ,·olume, aR8 FRiJt. 

P. oeedtt, e Proeee8 as 8ireetea iR tl~e ehapter, aREI theH 

fllaee the fl late iH aR air oYe!'l at I QQ 0 for IO FRiR1:1tes . Re 

1Ho, ·e the fllate fFoFR the o,·en, eool, aREI SflFa;· the fllate with 

the fresh!;· flreflareEI Sp, aJ I eagoH: the priReiflal reEIElish 

BfOWR SflOt oetaiReEI froFR the 'Fest soh1tio11 eorreSflORaS iR 

eo !or aREI R,,: 1,·al1:1e to that oetaiReEI fro FR the Sta11rJ.ard so!tt 

tfflH7 

Identification- The retention time for the major peak in the 

chromatogram of the Assay preparation corresponds to that 

of the Standard preparation, as obtained in the Assay. 

Change to read: 

Dissolution (711 )-

Medium: l}.-1--N 0.01 N hydrochloric acid; 900 mL. 

Apparatus 2: SQ FflFR 75 FflFR.4 50 rpm . .,. usP27 

Time: 30 minutes . 

Procedure-Determine the amount of C23H25N5O5 • CH4. 

SOJ dissolved by employing UV absorption at the wave

length of maximum absorbance at about 246 nm on 

filtered portions of the solution under test, suitably diluted 

with Dissolution Medium, if necessary, in comparison with 

a Standard solution having a known concentration of USP 

Doxazosin Mesylate RS in the same Medium. 

Tolerances-Not less than 8Q% 75% 4 70%.,.usPll (Q) of 

the labeled amount of C23H25N5O5 · CH4SO3 is dissolved in 

30 minutes. 

Uniformity of dosage units (905): meet the requirements. 

Assay-

Sta11rJ.a1-d p,''Cf3arati011 DissolYe aR aee1:1ratel)· wcighe8 

q1:1aRtit)' of USP Doita2osiR Mcs)·latc RS iR Q.0 1 l>l FRctha 

!'JOiie h;·Elroehlorie aeia, f}fl.8 8il1:1tc quafl.titatiYcl;·, E¼fl.8 StCfl 

wise if Reeessar;·, with Q. l l>l FRethaRolic h;·Elroehlorie acia 

to oetaiR a sol1:1tioH haYiRg a kH0 1,','fl eoRceRtratioR of aeout 

5 lfg fler FRL 

Assa;· pl'<!paratio11 FiRel;· flOwaer Rot fe·,nr thaR 2Q 

Toelets. TraRsfer aR aec1:1ratel;· wcigheEI flOrtioR of the flO'N 

Eler, equi,·aleHt to aeout IQO FRg of EloitazosiH FRes;·late, to a 

200 FRL ·,·olumetric flask, aEIEI lQ FRL of water, Elilute with 

Q.Q I l>l FRethaHolie h;·Elroehloric acia to ·,·oluffle, aREI FRiJt. 

Stir for 3Q FRiHutes, usiHg a FRagHetic stitter. TraRsfer 15 

FRL of this solutioR to a suitaele coHtaiRer, iflsert a stOflfler, 

MEI ceRtrifuge for 15 FRiRutes. TraRsfer l.Q FRL of the super 

RataRt to a lQQ mL Yolumetrie flask, Eli lute with Q.Q l l>l 

methaRolic hyarochlorie aciEI to YoluFRe, aREI ffliJt. 

P.·'Oeedtt/'() CORCOffiitaRtl)' EleteffRiRe tfle aesoreaRees of 

ilie 8ta11rJ.a1-d p1Cpm atio,1 afl.a the Assa; p1 cpa, atio11, at the 

waYelcRgth of fflE¼JtiFRUFR aesoreafl.CC at aeout 2 4 6 fl.FR, iR 1 
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em eel!s, witk e sttitesle speetrophotometer, ttsing 0.01 Jl,J: 

metAenolie A)'dreeAlorie acid es tAe slenk. CelcHlete tAe 

qttentit)·, in mg, of doirnzosin 1:nes)·!ete (C,.;H~N,.G,_-·t-H+ 

W,.) in tAe por4ion of Teelets taken e)· tAe forI=ntt!e: 

in v.-Aiek C is the eoneentretion, in µg per n~L, of USP Don 

ezosin Mesylete RS in tAe S,•tt,16k:t1 ti p1 eptt,·ttNr:m; end A.,, 

an&746 ere tAe eesoreenees obtained from the As:1wy preptt 

rttMen end tAe Sltt11tietrd prepetrtttie11 , respecfr,·ei)'. 

Buff er solution, Mobile phas e, Diluent, Standard 

preparation, and Chromatographic system- Proceed as di

rected in the Assay under Doxazosin Mesylate. 

Assay preparation- Transfer 10 Tablets , whole or 

ground, into a 250-mL volumetric flask, add 10 mL of 

water, and sonicate until the Tablets are disintegrated. Add 

150 mL of Diluent, sonicate for 30 minutes, dilute with Dil

uent to volume, and mix. Quantitatively dilute a portion of 

the supernatant with Diluent to obtain a solution having a 

concentration of about 0.04 mg of doxazosin per mL. 

Procedure-Separately inject equal volumes (about 20 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the responses for the doxazosin peaks . Calculate 

the quantity, in mg, of doxazosin (C23H25N 50 5) in the por

tion of Tablets taken by the formula: 

(451.48/547.58) CD (rul r5), 

in which 451.48 and 547.58 are the molecular weights of 

doxazosin and doxazosin mesylate, respectively; C is the 

concentration, in mg per mL, of USP Doxazosin Mesylate 

RS in the Standard preparation; D is the dilution volume, in 

mL, considering the initial 250-mL flask and any subse

quent dilution used to prepare the Assay preparation; and 

ru and r5 are the peak responses obtained from the Assay 

preparation and Standard preparation, respectively .• 2 

BRIEFING 

Doxorubicin Hydrochloride, USP 26 page 665. It is proposed 
to recognize the amorphous fonn of this article. Amorphous Dox
orubicin Hydrochloride, stored in the freezer, has been shown to be 
adequately stable with respect to potency and other parameters spe
cified in the monograph. It is therefore proposed to revise the Pack
aging and storage section to require that the amorphous fonn be 
stored in the freezer, and that the cyrstalline fonn be stored at con
trolled room temperature. It is also proposed to add a new Labeling 
section to require that the amorphous form be so labeled. It is 
further proposed to revise the Crystallinity test to specify that if 
most of the particles do not exhibit birefringence and extinction 
positions, it complies with the label claim of "amorphous." It 
has been found that certain lots of this drug substance do not con
sist principally of the crystalline fonn, and are instead principally 
amorphous. Therefore, the conclusion is that if such material does 
not meet the Crystallinity test, it may in fact be characterized as 
amorphous. 

(PA 7: W. Wright) RTS- 37750-1; 38957-1 

Change to read: 
Packaging and storage-Preserve in tight containers, 
• and store at controlled room temperature, except where it is 

labeled as amorphous, in which case it should be stored in 

the freezer .• usn7 

Add the following: 

•Labeling-The amorphous form is so labeled .• usm 

Change to read: 
Crystallinity (695): meets the requirements 

•, except that where it is labeled as amorphous, most of the 

particles do not exhibit birefringence and extinction posi

tions .• usPn 

BRIEFING 

Ethotoin, USP 26 page 763. It is proposed to replace the test for 
Limit of 5-phenylhydantoin and Related compounds with an up
dated test for Related compounds based on a new, validated meth
od that is more selective and is able to quantify addition al 
impurities that could be present in the sample. The validation 
was performed using a YMC ODS-A brand of LI column. The typ
ical retention time for ethotoin is about 14 minutes. 

(PA3: S. Salado) RTS- 39038-1 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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Delete the following: 
""Li1t1it ef S plte11yll1yd811tei11 811d rel8ted ee1t1pe1111ds 

Mehitephase ems 5 P.¼e,1,-{J.t; cf.a111ein steek se{u/ien Pref)are as 
aireelea itt lite ,fass:,. 

Sw.rtia, tip, epa, 8,'ie,1 Pref)t'lfe 85 direelea fer tlte $y·s1e,,, suit 
llhifii, seftttie11 i11 tl1e AS<i8JI. 

Tes: prep8rniie11 Pref)are as Elir2eteEI fer tlte Assa;, p,1·ep,wa,'ie11 
in tl1e As:1a;. 

Cit, e .. 1ate[;, Ctf)liic 5j s,•c,11 Use lite s; ste111 89 ElireeteEI 1111Eler .fa 
sctJ>. Detem1i11e its s11itaeilil)' fer this lest e;· ekren1a1egrafJl1i11g the 
S.•mukt, dp, epa, tllie,1 as ElireeteEI unaer A acetltn c: lite rese lt1lie11, 
R, eet..'ee11 tile 5 fJlle11;·ll1)•Ela11toi11 m1EI e1hotei11 fleaks is not less 
11la11 6.Q, a11EI tile relali .-e sta11ElarEI Ele, i11tio11 ef 1J1e 5 f)lle11;1lll; Ela11 
tein f)ealc resfJ011ses in ref)lieate i1i:jeetiens is 11et 111ore tl1a11 3.QK 
Tl1e relati .-e rete11tio11 tiflles are aeoul Q. ~ fer 5 fJl1e11;·lll)•Ela11toi11 
1111EI I .Q fer e1l1eloi11. 

P,-ecctlu,c Sef)arately illjeet etjual Yelu111es (aeout 2Q µL) ef 
tile &18Hti8, d p, ep8, t11ie11 a11EI tl1e k:11 p, ep8, tllieil i1110 ll1e el½ro 
n1atogrB.fJl1, reeorEI the ellro111alograF11s, a11EI 111easure Ille resf)enses 
fer the eorresfJORaing f)ealcs. Caleulale tl1e EjUB.flti~, ifl 111g, ef 5 
fJh2fl)'ll1)'8B.fll8ill in tile ell1elei11 IB.IEell ey tile ferr111:1la: 

~ ... ,.,4,,.-h 

i11 whiell C is the ee11e011lralien, in Htg f)er mL, ef USP 5 Phe11yl 
h; Ela111ei11 RS i11 the S-ta,icf.a, tip, epct, lllieil, B.fla, .,.,-ftfltt,_ are tile 5 
fJllefl)'lh; Ela111ei11 f)eB.lc reSfJOIISes oetai11ea frnn1 the Test p, epm a 
1ie,•1 B.fla the S-,1811ti8,·t.' 1~,·epc1,·atie.r, resf)eetiYel;·: Het 111ere tl1a11 
1.5% of 5 fJheR)•lll)•SBRteifl is feufla. 

Si111ilarl;·, ealeulate the EjUB.tllil;', i11 n1g, eftot11I u11lcnown itllfJU 
rities ifl 1l1e Ethoteif! talcef! B)' tile fem1ula: 

~ ... ,.,4,,.-h 

ifl \, l1ieh C is lite eo11eef!tratiofl, i11 111g f)er ~i:L, of USP 5 fJhen;·I 
lt)'SBfllSifl i11 the S-1cmti8nlp1·epc1rc1tie11, I;,; is the total ef111! un 
lrnO..'fl itllfJUFil)' f)eB.I( reSfJOIISes oetai11ea fro111 the Te:1,' 
p, tpa, alia,z, B.fla , h is the 5 fJAefl)•lh)·El1111toi11 flealt reSfJOR9e oe 
111i11ea fro111 tile S-ta,,ckt, d p, epa, a1,"a>1. 11ol 111ore the.fl I .Q% oF tlll 
!mown itllfJUFities is feuHEI . .,.. L'SP2 l 

Add the following: 

... Related compounds-

Buffer solution-Dissolve about I g ofmonobasic sodium 

phosphate in I liter of water. Adjust the solution with 1.5 M 

phosphoric acid to a pH of 3.5 ± 0.1. 

Diluent-Prepare a mixture of Buffer solution and metha

nol (65 :35). 

Solution A-Prepare a filtered and degassed mixture of 

Buffer solution and acetonitrile (80:20). 

Solution B-Prepare a filtered and degassed mixture of 

Buffer solution and acetonitrile (60:40). 

Mobile phase-Use variable mixtures of Solution A and 

Solution B as directed for Chromatographic system. Make 

adjustments if necessary (see System Suitability under 

Chromatography ( 621 ) ). 

Standard solution-Dissolve an accurately weighed 

quantity of USP Ethotoin RS, and dilute quantitatively, 

and stepwise if necessary, with Diluent to obtain a solution 

having a known concentration of about 2.5 µg of ethotoin 

per mL. 

Test solution-Transfer about 50 mg of Ethotoin, ac

curately weighed, to a 200-mL volumetric flask, dissolve 

in about I 00 mL of Diluent with sonication, dilute with Dil

uent to volume, and mix. 

Chromatographic system (see Chromatography ( 621) )

The liquid chromatograph is equipped with a 210-nm detec

tor and a 4.6-mm x 15-cm column that contains 5-~tm 

packing LI. The column temperature is maintained at 40°. 

The flow rate is about 0.8 mL per minute. The chromato

graph is programmed as follows. 

Time Solution A Solution B 

(minutes) {%) {%) Elution 

0 100 0 equilibration 

0- 10 100 0 isocratic 

10-30 100->0 0-> 100 linear gradient 

30-40 0 100 isocratic 

40-42 0-> 100 100-.0 linear gradient 

42- 55 100 0 re-eguilibration 

Chromatograph the Standard solution, and record the peak 

responses as directed for Procedure: the tailing factor is not 

more than 2.0 for ethotoin; and the relative standard devia

tion for replicate injections is not more than 1.0%. 

Procedure-Separately inject equal volumes (about I 00 

µL) of the Standard solution and Test solution into the chro

matograph, record the chromatograms, and measure the re

sponses for the major peaks [NOTE-discard any peak due 

to the Diluent]. Calculate the percentage of any impurity in 

the po11ion of Ethotoin taken by the formula : 

(20,000, F)(CI W)(r, I r5) , 
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in which C is the concentration, in mg per mL, of USP Etho

toin RS in the Standard solution; Fis the response factor for 

the impu1ity as shown in the table below; Wis the weight, in 

img, on the anhydrous basis, of the portion of Ethotoin ta-

Compound name 

5-Phenylhydantoin 

3-Methyl-5-phenylhydantoin 

Ethotoin 

Ethotoin/5-Phenylhydantoin dimer 

Ethotoin dimer 

Unknown impurities 

Total 

1 RRT- Relative retention time 

2 RRF- Rclative response factor 11,. usp27 

B RIEFING 

RRT 1 

about 0.4 

about 0.6 

1.0 

about 1.9 

about 2.5 

Flucytos ine Capsules, USP 26 page 795. It is proposed to re

vise the Dissolution test to reflect the revisions made to the NDA 

for this product. In the absence of any significant adverse com

ment, it is proposed to implement these revisions via the Second 

Interim Revision Announcement pertaining to USP 26- NF 21 , with 

an official date of April l, 2003. 

(BPC: M. Marques) RTS- 36033-2; 36380-1 

Change to read: 
Dissolution (711 )

Medium: water; 900 mL. 
Apparatus 2: ~ 

•75 rpm .• 2 
Ttme: 4 5 rni111:1les 

•60 minutes .• 2 

Procedure- Determine the amount of C4H4FN 30 dissolved 

from UV absorbances at the wavelength of maximum absorbance 

at about 276 nm of filtered portions of the solution under test , suit

ably diluted with water, if necessary, in comparison with a Stan

dard solution having a known concentration of USP Flucytosine 

RS in the same Medium. 

ken; r, is the peak area for any impurity in the Test solution 

and rs is the peak area for ethotoin in the Standard solution.; 

The impurities meet the requirements given in the table be

low: 

RRf2 Limit(%) 

1.0 

1.0 

1.0 

0.58 

1.0 

Tolerances-Not less than ~ 

•so¾.2 

1.5 

0.9 

0 .3 

0.4 

0.1 Individual 

1.0 Total Unknown 

2.0 

(Q) of the labeled amount ofC4H4FNP is dissolved in 45 1tti1n:1les. 

•60 minutes .• 2 

Fosp henytoin Sodium Inj ecti on, page 3287 of PF 27(6) 

[Nov.-Dec. 200 I]. It is proposed to revise the published Related 

compounds and Assay methods to better reflect the original propo

sal. 

(PA3: S. Salado) RTS- 38583-1 
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Add the following: 

~Fosphenytoin Sodium Injection 

» Fosphenytoin Sodium Injection is a sterile solu

tion of Fosphenytoin Sodium in Water for Injec

tion. Fosphenytoin Sodium is a prodrug. 

Injection containing 1 mg per mL of Fospheny

toin Sodium is equivalent to 0.667 mg per mL 

of Phenytoin Sodium after injection. It contains 

not less than 90.0 percent and not more than 

110.0 percent of the labeled amount of fospheny

toin sodium (C16HnN2Na2O6P). 

Packaging and storage-Preserve in single-dose or multi

ple-dose containers, preferably of Type I glass . 13reteet0e 

frnffi light. Store between 2° and 8°. Do not store at room 

temperature for more than 48 hours . 

USP Reference standards ( 11 )-USP Fosphenytoin So

dium RS. USP Phenytoin RS. USP Phenytoin Related Com

pound B RS. 

Identification-

A: Infrared Absorption ( l 97K)-

Test specimen-Transfer a 5-mL aliquot of Injection to a 

l 00-mL beaker, add 30 mL of acetone to form a white pre

cipitate, and stir for 20 minutes using a magnetic stirrer. Fil

ter in vacuum, and collect the precipitate using suitable filter 

paper. Allow to dry in vacuum for 15 minutes . 

B: The retention time of the major peak in the chroma

togram of the Assay preparation corresponds to that in the 

chromatogram of the Standard preparation, as obtained in 

the Assay. 

Bacterial endotoxins (85 ): not more than 14 USP Endotox

in Units per mL. 

pH (791 ): between 8.3 and 9.3. 

Chre1Be•egrephie p11rity 

Bttjfe; stJhdi011, Uohifophasc, fh,'Stcm sttUahil-ity stJnttitJ11, 

e,ne Ch1'0,'llattJgl'ttphic s;,stcm Preeeee e,s eireetee in the 

As'5a;,>, 

8ta11,fa1·d stJlutitJ11 DissolYe e,n accurately weighed 

qt1e,ntit:,· qt1e,ntities efU8P Fes13hen,·tein R8, 2,2 eiflhen,·I 

glyeine, U8P Phen,·teiA Rele,tee Ceffi13et1ne B R8, e,ne U8P 

Phen,1ein R8 in Bttffe, S8lttti8,1ffietha,nol, ane eilt1te que,n 

titafr,·el,·, ane stefl'.Yise if Heeessaf)', with Buffer stJltxtitJlf to 

oatain a solt1tion ha,,·ing a, !!:flown eeneentratiefls ef aaeut 

l 5Q.Q, Q.3, 2.25 ,750.Q, 1.5, 11.25, ans Q.3 1.5 µg fler mb, 

resfleeti'<·el)'. 

mt stJlutim1 Use the Assa,· JHcparatimL 

P1'0ccdt11•c 8e13arately iflj eet equal 1,·elt1mes (aaeut 2Q 

µL 4 Q µL) ef the 8ta11dard stJlutim1 l¼fle ti:½e k!it stJltxtitJ1, inte 

the eflfemategr!lflh, reeere the ehremategraffis fer net less 

than si1t times the retentien tiffie efthe majer fleak, ane mea 

st1re all ef the fleak resflenses. Calet1late the 13ereentage e f 

eaeh imflt1rit)' in the Yelt:tme ef .En:jeetien taleen B)' the fer 

fflUl.a.:... 

+oof_G ,:1-G ~.+t' i,1; 

13hen,1ein, 13hen,·tein relates eem13et1ne B, at1e 2,2 eiflhe 

n;·lgl,·eine in the '<'elttffie of tf!j eetiet1 takefl a,· tl.e feffflt1la: 

-l-OOfr,+t' ,m 

in·· ·h· h C · "~tei; ts the eoneet1tratien, ifl mg fler mL ofU8P Ph 

nyt ~8 · ' e 01n" !fl the 8ta11daNi S8ltxti8'1. C . ts . ' ,~ is e eot1eene:ation 

lfl mg fl Sr mb, offos13hen,1oin seeit:tm ill. the mt S8' t" , ftflft--14 tl:IW/1 "/ . 

i; are the fleak res i; . , • fr flOtlSes ~r eaeh lmflt1rit)' oatait1ee 

om the mt S8l~ttitJ!i," l¼flfri" is the fl I . ;; ea E reSflOtlSe fer f)ft0fl . 

te1n oatainee froffi th 8 ) e ta,,dard stJ!tttitJ:L ane the8ta· ;J -d 
S I · 11/41 

tJ,~ttttJ,t , res13eeti~·el;·· n t . o more thafl Q.2% of 13hen;1oifl is 

fettne; net ffiore than 1 50<, of h . B . . ' fl en,101n Felatee 60ffifl0tlfl8 

IS fet1t1e; net mere thafl Q.2% of 2 2 a· h . i; , 1fl et1ylgl)·e1t1e is 

Ot1ne; afle flOt more the,n 2 Q% f . . . . o total 1m13t1nt1es is fettfle . 
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Related compounds-

Buffer solution, Mobile phase, Standard stock solution 1, 

Standard stock solution 2, and Chromatographic system

Proceed as described in the Assay. 

Standard solution-Use the Standard preparation as de

scribed in the Assay. 

Test solution-Use the Assay preparation as described in 

the Assay. 

Procedure-Inject a volume (about 40 µl) of the Stan

dard solution and the Test solution into the chromatograph, 

record the chromatograms, and measure the peak areas. Cal

culate the percentages of phenytoin , 2,2-diphenylglycine, 

phcnytoin related compound B, and unknown impurities 

in each ml of Injection taken by the fo1mula: 

200,000( CIVL)(r, I r5), 

in which C is the concentration, in mg per mL, of the respec

tive impurity in the Standard solution; Vis the volume, in 

mL, of the Injection taken to prepare the Test solution; L is 

the labeled amount, in mg per ml, of fosphenytoin sodium 

in the Injection; and r, and rs are the individual peak re

sponses of the impurities in the chromatograms obtained 

from the Test solution and the Standard solution, respective

ly: not more than 1.5% of phenytoin related compound B is 

found ; not more than 0 .2% of phenytoin is found; not more 

than 0.2% of 2,2-diphenylglycine is found; not more than 

0.1 % of any individual unknown impurity is found; and 

not more than 2.0% total impurities is found. [NOTE-Use 

the peak area and concentration of the USP Phenytoin RS in 

the Standard solution as rs and C, respectively, to calculate 

the percentage of the unknown impurities.) 

Other requirements-It meets the requirements under In

jections ( 1). 

Assay-

Bttjfe1· :whthfm afld Mohdephctse Proeeed as difeeted ifl 

the Assc1:,1 Ufldef Fo,sphe,r,,•oi,1 Sodium. 

System suitcthi!ity sohi'lion Disselve Bfl aeeurately 

weigl,ed quaf!tit:, of USP Fospl'leff)'teifl Sodiuffi RS ifl kl-a 

h,'!c p,~ctse, Elfld dilute quaRtitati.,·el:,·, aRd stepwise if Reees 

SB!)', witl'l Uohilcp,~ctse te obtaifl a solutioH l,aYrng o lrne¥.-fl 

eeReefltmtiofl of about 0.15 ffig per ffiL. 

Bttffe, :wh.ti'o,1 Dissolve 8.2 g of ff!Oflobasie potassiuff! 

phosphate ifl 900 fl1L of water. Adjust witl, 6 ~T potassiuff! 

h:,·drmEide soh,1tion te a pH of 6.5, dilute ·witl'l v,·ater to 1000 

M-ohi!ephase Prnpare a filtered afld degassed mi1tture of 

Birffe,· sohaion, ffiethoRol, afld aeetonitrile (73 :? 5 :2). Make 

adjustffiefltS if Reeessary (see System Suitcthilit;· under 

Ch,·omato-g,-aph) (~ )r-

System suitahili.t;· solution Dissolve afl aeeuratel:,· 

weighed quafltity of USP Fosphefl)'toifl Sodium RS ifl Buf 

fer solwion, ofld dilute qttafltitatiYel:,r, afld step'>Yise ifReees 

sa1-:,·, witl, Buffer solution to obtaifl a solutiofl l'laving a 

lmowfl eofleefltratiefl of about 0.75 n,g per fflL (Solution 

A). Dissolve aeeuratel:,• weigl'led quaRtities of USP PheRy 

teifl RS, 2,2 dipheR:,·lgl:,·eiRe, ofld USP Phefl)'toifl Related 

CoR1poufld B RS in n,ethaRol, afld dilute quaRtitatiHl:,1, 

and stepwise ifReeessary, with ff!ethanol to ebtaifl a soh,itiofl 

hoYing knowfl eoneentratiofls of about 0.075, 0.075, and 

0.015 n,g per mL, rnspeetively (SolcttioH B). TraRsfer l 0.0 

111L ofSo!t1tio11 A and 5.0 111L ofSolti!io,1 B to a 50 fflL volu 

ffietrie flask, dilute wit!, Buffe1· so.!t:ltion to volm11e, Ofld ffii)(. 

Sta11da,•·d p1·cpctrc1tion Dissolve afl aeeurntely weighed 

quafltit;· of USP Fostil1e11,·toifl Sedium RS ifl Buffer solu 

tio,1 , a1,d dilute quafltitatively•, and stepwise if Reeessor)1
, 

with B~f.fer solt1Uol! to obtain a soh,1tiefl having a knowH 

eoneeRtrntiofl of about 0.15 111g per mL. 
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,4ssaxprcpaJ-e,tion Transfer an accuratel;· measttred YOI 

time of hljeetion, equiYEilent to about 300 tng of fosphen;· 

toin sodiut'l'l, to a 200 mL Yolumetrie flask , dilute ·,vitl'I 

metl'lanol to volume, and miic Transfer 5 mL oftl'lis solution 

t-e a 50 mL Yolumetric flask, dilute witl'I Buffer sohttion to 

~·elun,e, ans mill. 

Chm,·11a~ographic s7·stcm Proceed as sirected in tl'le As 

say under ,P.osphcwytoin &clium, eiwept to inject tl'le £Js,'cm 

s11i1ahility solution. Tl'le liquis el'lrot'!'latogrnf:lh is equipped 

wit!, a 214 nm deteetor and a 4 .6 t'l'lm H 15 en, eoluml'l tl,at 

contains 5 Fll'l'l paeking L 11. The flow rate is about 1.0 mL 

1.25 t'l'IL per n,inute. Cl'lromatogrnpl'I the System sui1t1hility· 

soit1lion , and reeord tl'le peak responses as direeted for 

Proccclttrc: the relatiYe retention times are abeut 0.3 for pl'le 

nytoi1, related eot'!'lf:lOtlflS B, 0.5 for 2,2 diphen;·lglyeine, 1.0 

for fosf:lheHytein , and 3 _g for pl'len;·toin; tl'le reselutien, R, 

beta,·,·een pl,en;·tein relates con'lpound B and 2,2 siphenyl 

glyeine is net less tl'lan 4 .O; the eelumn effieiene;· is net less 

than 2250 tl'leeretieal plates determined fre1'!'l tl,e fosphen;· 

tein peak; tl,e tailing faeter is net mere tl,an I _g; and tl'le re 

lative stansars deviatien for re13licate iajectiens is net mere 

tl,an 1.0% determined frem tl'le fos13l,en;·tein 13eak. 

Praeeel-ttrc Se13arately inject eqt1al Yolun,es (abeut 20 

µL 4 0 µL) ef tl,e 8ta1tclarclp,··cparation ans tl'le Assay" prep 

m·ation inte tl,e el'lromatogra13h, reeerd tl'le el,romategrm'fls, 

and measure tl'le res13enses for the majer 13eaks. Caleulate 

tl'le qttantit;· , in fflg , of fos13l'len;·tein sedium 

f{;...,H...;N;Na,,9.,P) in eael'I mL ef tl,e Iajeetien taken by 

tl,e formula: 

2000(C/V)(r.,.,,L;,,.t, 

in wl,iel, C is tl'le ceneentratien, in mg 13er mL, of USP fo 

s13l,enytoin Sedittm RS in tl'le 8tande1'fi:prcpa1 ation; Vis tl'le 

Yelume, in fflL, eflajeetien taken to 13re13are tl'le Assay·p1'Cf) 

aration; and r.,,rltt¼6--r., are tl'le 13ealc rnspenses eMained from 

tl,e Assay prcparation and tl'le 8tm1cla1 d preparatio1t, re 

s13eetivel;•. 

Buffer solution- Dissolve about 8.2 g of monobasic po

tassium phosphate in I liter of water. Adjust with 6 N potas

sium hydroxide solution to a pH of 6.5 ± 0.05. 

Mobile phase- Prepare a filtered and degassed mixture of 

Buffer solution, methanol, and acetonitrile (73:25:2). Make 

adjustments if necessary (see System Suitability under 

Chromatography (621 )). 

Standard stock solution I - Dissolve an accurately 

weighed quantity of USP Fosphenytoin Sodium RS in 

methanol, and dilute quantitatively, and stepwise if neces

sary, with Buffer solution to obtain a solution having a 

known concentration of about 0.75 mg per mL. 

Standard s to ck solution 2- Dissolve an accurately 

weighed quantity of USP Phenytoin RS, 2,2-diphenylgly

cine, and USP Phenytoin Related Compound B RS in 

methanol, and dilute quantitatively, and stepwise if neces

sary, with methanol to obtain a solution having a known 

concentration of about 0.0075 mg per mL, 0.0075 mg per 

mL, and 0.015 mg per mL, respectively. 

Standard preparation- Transfer I 0.0 mL of Standard 

stock solution I and 5.0 mL of Standard stock solution 2 

to a 50-mL volumetric flask . Dilute with Buffer solution 

to volume, and mix. 

Assay preparation- Transfer an accurately measured vol

ume of the Injection, equivalent to about 300 mg offosphe

nytoin, to a 200-mL volumetric flask, dilute with methanol 

to volume, and mix. Transfer 5.0 mL of this solution to a 50-

mL volumetric flask . Dilute with Buffer solution to volume, 

and mix. 
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Chromatographic system (see Chromatography ( 621 ) )

The liquid chromatograph is equipped with a 214-nm detec

tor and a 4.6-mm x 15-cm column that contains packing 

LI 1. The flow rate is about 1.25 mL per minute. Chromato

graph the Standard preparation, and record the peak re

sponses as directed for Procedure: the relative retention 

times are about 0.3 for phenytoin related compound B, 

about 0.5 for 2,2-diphenylglycine, 1.0 for fosphenytoin, 

and about 3.8 for phenytoin; the resolution, R, between phe

nytoin related compound B and 2,2-diphenylglycine is not 

less than 4.0; the column efficiency is not less than 2250 the

oretical plates for the fosphenytoin peak; the tailing factor is 

not more than 1.8 for the fosphenytoin peak; and the relative 

standard deviation for replicate injections is not more than 

1.0% for the fosphenytoin peak and not more than 5.0% for 

the phenytoin related compound B, 2,2-diphenylglycine, 

and phenytoin peaks. 

Procedure-Separately inject equal volumes (about 40 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the peak areas for the fosphenytoin peaks. Calcu-

1 ate the quantity, in mg, of fosphenytoin sodium 

(C,6H13N2Na20 6P) in each mL ofinjection taken by the for

mula: 

2000(C/V)(rul rs), 

in which C is the concentration, in mg per mL, of USP 

Fosphenytoin Sodium RS in the Standard preparation; V 

is the volume, in mL, of the Injection taken to prepare the 

Assay preparation; and ru and rs are the fosphenytoin peak 

areas obtained from the Assay preparation and the Standard 

preparation, respectively. ,.,usn7 

BRJEFING 

Gabapentin. The proposed monograph, published on page 
3004 of PF 27(5) [Sept- Oct. 2001 ], is being cancelled; however, 
the monograph as shown on page 9147 of PF 25(6) [Nov.- Dec. 
1999] is being republished to reflect the approved product. The 
public is invited to comment on this proposal. 

(PA3: S. Salado) RTS- 34860-1 

Add the following: 

•Gabapentin 

171.24 

Cyclohexaneacetic acid, 1-(aminomethyl)-. 

1-(Aminomethyl)cyclohexaneacetic acid [60142-96-3]. 

» Gabapentin contains not less than 98.5 percent 

and not more than 101.5 percent of C9H11N02, 

calculated on the anhydrous basis. 

Packaging and storage-Preserve in well-closed con

tainers. 

USP Reference standards (11 )-USP Gabapentin RS. 

USP Gabapentin Related Compound A RS USP Gabetpe11 

Mli Rela,ed Cempe1:md B RS. USP Gabapentin Related 

Compound C RS 

Identification-

A: Infrared Absorption ( 197K) . 

B: The retention time of the major peak in the chroma

togram of the Assay preparation corresponds to that in the 

chromatogram of the Standard preparation, as obtained in 

the Assay. 
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pH (791 ): between 6.5 and 7.5, in a solution (1 in 50). 

Water, Method I (921 ): not more than 0.3%. 

Residue on ignition (281 ): not more than 0.1 %. 

Heavy metals, Method II (231 ): 0.002%. 

Limit of chloride-Transfer about 1500 mg of Gabapentin, 

accurately weighed, to a 100-mL beaker, and dissolve in 50 

mL of a m ixture of wate r, methanol, and acetic acid 

(60:39: 1 ). Titrate with 0.01 N silver nitrate VS, determining 

the endpoint potentiometrically. Perform a blank determina

tion, and make any necessary corrections (see Titrimetry 

(541 ) ). Each mL of 0.01 N silver nitrate is equivalent to 

0.3545 mg of chloride: not more than 0.01 % is fo und. 

Limit of residual solvents-

Internal standard solution- Transfer 1.0 mL of tetrahy

drofuran to a I 00-mL volumetric flask containing about 

20 mL of water, di lute with water to volume, and mix. 

Weighing by difference, determine the amount, in mg, of 

tetrahydrofuran added. Transfer 1.0 mL of this solution to 

a I 00-mL vo lumetric flask, dilute with water to vo lume, 

and mix. [NOTE-Prepare fresh daily.] 

Standard solution-Transfer 20 mL of water to a l 00-mL 

volumetric flask, and weigh. Add 1.0 mL each of methanol, 

isopropyl alcohol, and tetrahydrofuran, and weigh after each 

addition. Dilute with water to volume, and mix. Transfer 1.0 

mL of this solution to a 100-mL volumetric flask, dilute with 

water to volume, and mix. [NOTE- Prepare fresh daily.] 

Test solution-Transfer 1.0 g of Gabapentin, accurately 

weighed, to a I 0-mL volumetric flask, dissolve in and dilute 

with Internal standard solution to volume, and mix. 

Blank solution- Transfer l .O g of Gabapentin, accurately 

weighed, to a 10-mL volumetric flask, dissolve in and dilute 

with water to volume, and mix. 

Chromatographic system (see Chromatography (62 1))

The gas chromatograph is equipped with a flame-ionization 

detector, a split injection system, and a 0.53-mm x 30-m 

fused-si lica column coated with a 5.0-µm film of stationary 

phase Gl. The carrier gas is helium, flowing at a rate of 10 

mL per minute. The column temperature is programmed as 

follows . It is maintained at 50° for 5 minutes, then increased 

at a rate of 30° per minute to 280°, and maintained at 280° 

for 10 minutes. The detector is maintained at a temperature 

of 250°, and the injection port at 150°. Chromatograph the 

Standard solution, and record the peak responses as directed 

for Procedure: the relative retention times are about 0.29 for 

methanol, 0.43 for isopropyl alcohol, and 1.0 for tetrahydro

furan ; and the resolution, R, between methanol and isopro

pyl alcohol is not less than 1.5. 

Procedure- Separately inject equal volumes (about l µL) 

of the Blank solution, the Standard solution, and the Test 

solution into the gas chromatograph, record the chromato

grams, and measure the areas for the major peaks. In the 

chromatogram of the Blank solution , disregard any peaks 

other than those obtained from gabapentin, methanol, and 

isopropyl alcohol. Calculate the relative response factor, 

F, for each solvent by the formula: 

(W1 / W5)Rs, 

in which W1 is the weight, in mg, of internal standard in the 

Test solution; Ws is the weight, in mg, of the relevant solvent 

in the Standard solution; and Rs is the average area ratio of 

the solvent peak to that of the internal standard. Separately 

calculate the percentages, by weight, of methanol and iso

propyl alcohol in the portion of Gabapentin taken by the for

mula: 

!00R1,F, 

in which Ru is the area ratio of the relevant solvent peak to 

that of the internal standard; and F is as calculated above: 

not more than 0.1 % each of methanol and isopropyl alcohol 

is found . 
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Related compounds

Tl:3£Tl 

Diluent and Mobile phase-Proceed as directed in the As

say. 

Standard solution- Dissolv e an accurately weighed 

quantity of USP Gabapentin Related Compound A RS in 

methanol to obtain a solution having a known concentration 

of about 0.25 mg per mL. Transfer 1.0 mL of this solution to 

a 10-mL volumetric flask, dilute with Diluent to volume, 

and mix. 

Test solution-Transfer about 700 mg of Gabapentin, ac

curately weighed, to a 25-mL volumetric flask, dissolve in 

and dilute with Diluent to volume, and mix. 

Chromatographic system (see Chromatography ( 621 ) }

Prepare as directed in the Assay, except to use a flow rate of 

about 1.1 mL per minute. Chromatograph the Standard 

solution , and record the peak responses as directed for 

Procedure: the column efficiency is not less than 4000 the

oretical plates. 

Procedure- Separately inject equal volumes (about 20 

µL) of the Test solution and the Standard solution into the 

chromatograph, record the chromatograms, and measure the 

areas for the major peaks. Using the responses obtained 

from the UV detector, calculate the percentage of gabapen

tin related compound A in the portion of Gabapentin taken 

by the formula: 

in which r; and r5 are the peak responses for gabapentin re

lated compound A obtained from the Test solution and the 

Standard solution, respectively: not more than 0.05% is 

found. In a similar manner, using the responses obtained 

from the refractive index detector, calculate the percentage 

of any other impurities in the portion of Gabapentin taken: 

not more than 0.05% of all other impurities is found. 

Dihw11t, Fest s1,h,1ti.:m, 81.'18 Ch1'fJ11u:tl8,g1 ttfJ.~ic s,y·stcm 

Proeee8 as 0ireete0 iH 'J...ast 1 fer Rcl'8tcd CBllq:,t,1,1,1ds. 

}./ehil-cphasc Prepare a filtere0 aRd degassed miJltlire of 

metl'laHol 8fl8 pH 2.5, 0.05 M moHoeasie E!fflfflOHil:lm pl'los 

pl'late (57:4 3). Make adjt1stnleHts if Reoessaf)' (see S)'Slcm 

$i,itahi!:it;· t1H0er Ch1•1,matt:J~•aphy (rn)tc 

$ta11da, d s1,h1ti1,11 DissolYe BR aeet1ratel;• weigl'le0 

ftl:IBHtity of USP GaeapeHtiR Related Compot1R0 B RS iR 

metl'laRol to oetaiR a soll:ltioH l'laYiRg a iffioV,'H eoHoeRtratioR 

ofaeot1t 0.0a mg permL. Tr8Rsfer 1.0 mL oftJ:i:is solt1tioR to 

a l 0 mL Yolt1metrie flask, 0ilt1te witl'I Di~i,c11t to ,•olt1me, 

81'18 miJL 

P, 1,ccd1,11•c Separate!;• ifljeet ettt1al volt1mes (aeot1t 20 

j::tL) of tl'le '£ast s1,li1ti1,11 aHd tl'le St,mdard s1,l1,1ti1,11 iRto tl'le 

el'l:rematograpl'I, reoord tl'le el'lromatograms, 81.'18 meast1re tl'le 

areas fer tl'le major peaks. UsiRg tl'le respoHses from the UV 

0eteotor, oalet1late tho pereeRtage of gaeapeHtiR related 

eompotm0 B iH the portioR of GaeapeHtiR talceH e;• the fer 

ffll:l!.tr.-

iH whioh 1';-ftfte-f'I/ are the pealc respoHses of gaeBf!eRtiR re 

lated oompot1H0 B oetaiRed from the Fest s1,h1hm1 aRd the 

$ta11da,'fi s1,!:t1ti1,11, respeoti¥ely: Hot more thaH 0.02% is 

fot1H8. IR a similar maRHer, t1siRg the respoRses oetaiHed 

from tl'le refraetiYe iRdeic 0eteetor, ealet1late the pereeHtage 

of BR)' other impl:lfities fot1nd: not ffiore thBfl 0.05% of all 

oilier impt1rities is fet1Hd. l'fot more thaH 0.1% oftotal im 

pt1rities is fet1R0, tl'le rest1lts from 'J...ast 1 aRd Fest 2 eetHg 

aaee&.-

Assay-

Di/uent-Prepare a mixture of pH 1.9, 0.05 M monobasic 

ammonium phosphate and methanol (73:27). 
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Mobile phase-Prepare a filtered and degassed mixture of 

pH 2.5, 0.05 M monobasic ammonium phosphate and 

methanol (73 :27). Make adjustments if necessary (see Sys

tem Suitability under Chromatography ( 62 I)). 

Resolution solution-Prepare a solution of USP Gabapen

tin RS and USP Gabapentin Related Compound C in Dilu

ent having known concentrations of about 2.3 mg of each 

per mL. 

Standard preparation-Dissolve an accurately weighed 

quantity of USP Gabapentin RS in Diluent to obtain a solu

tion having a known concentration of about 5.6 mg per mL. 

Assay preparation-Transfer about 140 mg of Gabapen

tin, accurate ly weighed, to a 25-mL volumetric flask, dis

solve in and dilute with Diluent to volume, and mix. 

Chromatographic system (see Chromatography ( 621 ) )

The liquid chromatograph is equipped with a 215-nm detec

tor linked in series with a refractive index detector and a 4 .0-

mm x 25-cm column that contains 5-~tm packing LI. The 

flow rate is 0.8 mL per minute. Chromatograph the Reso

lution solution , and record the peak responses as directed 

for Procedure: the resolution, R, between gabapentin and 

gabapentin related compound C is not less than 1.5; and 

the column efficiency determined from the gabapentin peak 

is not less than 500 theoretical plates. Chromatograph the 

Standard preparation , and record the peak responses as di

rected for Procedure: the relative standard deviation for rep

licate injections is not more than 0.41 %. 

Procedure- Separately inject equal volumes (about 20 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the areas for the gabapentin peaks. Calculate the 

quantity, in mg, of C9H 17N02 in the portion of Gabapentin 

taken by the formula: 

25C(rul rs), 

in which C is the concentration, in mg per mL, of USP Ga

bapentin RS in the Standard preparation; and ru and rs are 

the peak responses obtained from the Assay preparation and 

the Standard preparation, respectively . .._usn7 

BRIEFING 

Gold Sodium Thiomalate, USP 26 page 871 and page 1410 of 
PF 28(5) [Sept.- Oct. 2002]. 

(PA2: J. Kelly) RTS- 39116-1 

Erratum: 

Limit of alcohol, line 13 under Procedure: Change "C2H50H" 
to: Gold Sodium Thiomalate 

BRIEFING 

Heparin Sodium, USP 26 page 897. Because it has been found 
that the procedure in the test for Anti-factor X. activity is incorrect 
as written, it is proposed to revise that procedure. In addition, min
or editorial style changes have been made. 

(BBP: L. Bhattacharyya) RTS- 39320-1 

Change to read: 
Anti-factor X. activity-

pH g_ 4 hitffe, Disseh•e a1=Ael:lflts ef tris(h;•srmt;•metk;•l)an~ifle 
metl½afle, esetie aeis, afls sesium eklerise ifl water eef!taifling 
0.1 % ef pel;·etk; lefle gl; eel 6000 te eetaifl a selutien l½a, ing een 
eentratiens ef0.050 M, 0.0075 M, ans 0.175 M, respeetiHI;·. As 
just, if neeessar;', wit!½ k;·sreel½lerie aeis er sesium k;•sre)(ise 
selutien te a pl! ef 8. 4. 

Bla,il: 1e/111ie,1 Use tJl! g_ 4 htt{fe,. 
Anli//t1'(;mhi,·1 If! 1e/111ie,1 Reeenstitc1te all. aeeuratel;· ., eigl½es 

quaflti!) ef a11titl½ren~eiH III fer arnieel;•tie test (see Rct1ge,1/J Spe 
eiftet1li<,,11 iH tl½e seetien Reage,111, },1diee11e, J, e1,1d 8ah11ia,153 iH 
pU g_ 4 hit{fe, to eetain a soltttieR l½a~•ing a eoneefltfatiofl ef 1.0 
AHtithrot=ABifl Ill URit per rnL. 

Fttele, X., 1eh11ie,1 Reeenstitute an aeeuratel; .. ·eigl½ee quan 
tit::, ef faetor X.. fer aflti faetof X.. test (see Ret1t,;e,1/1 8peetftet11ie,11 
ifl tl½e seetiefl Ret1t:;e,1/J, hldiet11ar1, e111d &81!1/ie,•1s) ifl water to ee 
tain a soltttieR eeHtaining aeout 20 Faetof X.. Units per rnL. Faetor 
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~& UR its are eEjt:1i ,•aleRt to RaRelcatal;•tie t:1Rits ERlrnts). [l>lOTI> 

Whetlrnr emjlle; iRg Factor X. UR its er C!jt1i ,·aleRl Hleats, reeoRsti 
tt1te as ElireeteEI 0)' lhe lilaRt1faett1rer ef the reageRt. Beea1:1se eflet 
te lot EliffereRees Elc1e to .-ariatioRS amoHg maHt1fuett1rers iH 1'19ea 
st1ri1lg Lfflh tttetor X. aetiYit)', EliffereHt Ejt:IBHtities of tttetor X.-fflt¼J' 
ee reEjttireEI. Different Ejt1aHtities of ttteter X. ma; also 00 reEjt1ireEI 
1:3eeause the a0sor0aRee ,·alt1e of factor X. ,·aries aeeoreiRg to the 
eluo119ogeRio s1:10strate tiseEI. This solt1tioH, 1.YheR 1:1seEI iR the reae 
lioR mi)(tt:1re eoRtaiRing tile Bls,,k :;ohll'ifM, gi ,·es afl a0sor0aRee 
rate ehaflge of 0.650 to 0.700 Jler miR1:1te , eeten'l9iReEI f!5 eireeteEI 
fer A oeetiu, e. Aclj1:1st1'19CRts iR JlO!eRCJ' are maee, if Reeessa11·.] 

Ch, omoge,1ie :;ub:rl, s.'e :rolt, lio,, Prejlare a sol1:1tiofl of ehromo 
g1mie st1estrate fer flfflieol; tie test Esee ffosge111:; 8-peeifieslio,1:r iR 
the seetioR :Resge,1/J, .~1thes10, :;, s.iti &Jtulio,r:,) itl "ater to oe1aifl 
B BORBCR!ratioR of 2.5 mM or 1'190re. 

Sls,1{t{l, ti :,o/u1io11:; Dilt1te aR aeet1ratel;1 1'l'leas1:1ree YOlt:1HlB of 
USP I leJlBriR S0Eli1:1m RS .Yith pl-{ 8. 4 b,tfler, !ffle Elil1:1te aoe1:1ratel;1 

1'19eas1:1ree , ol1:11'19es of this sol1:1tioR with the sa1'19e 01:1ffer to 00taiR a 
series of SCJlarate sol1:1tions ha\·i1lg lcRowR eoReeRtratioRs of a0ot1t 
Q.?5 , 0.188, 0.125, 0.0625, f!RB 0.0312 USP !lejlariR URil JlCr mL. 

'Fe:;.' :ro/111io,1:; Dissoh·e or Elil1:1te aH aee1:1rately meas1:1reEI Ejt:laH 
tity ef I lejlarin Soeit:11'19 iR pH 8. 4 bufle:1, 8R0 eilt1te witll pH 8. 4 
be.:ffe, lo 001aiR SCjlart!le solt1ti0Rs ifl a eorresjloneiRg series of ae 
Ii .-i1ies ajljlro1ti1'19ately eEjt1i·,•alef!t to tllose of the S1s11clt1rcl :;oi'N 

+teHJ-: 
P, aeedt., e [}lOTI> Haell Sls,1{t{l, cl :roh,lio,1 aREI 'Fe:;t :rotulio,1 

is 1'19aee iR 01:ljllieate. T11 0 0lat1lc reaeings are maee, OHO aefere 
tlrn staR of the test at1e aRother at tile eAEI. The Pl','C reaei1lgs are 
similar to each other.] AeEI 600 1:1L of pH 8. 4 beffe,, I 00 µL of 
A:1.'i,1h, o,11bi,1 }ll:roh,1io,1, aRe JOO 1:1L of ml :roi'utiolf to a e1:1·,·eHe, 
mill, am! iRe1:1aate at 37° fer 120 seeot1es. Aee! 100 1:16 of.f':ttetorX., 
:;oh,tio,,, Hli)( i119119eeiatel;·, at1e it1e1:1aa1e at 37° fer 120 seeo1les. 
Ae!e I 00 1:16 of a,, omoge,1ie :;ub:rt, sle :;o.'111io,r, miic i1'191'19ee!iatel;·, 
Btle reeore tile ehaRge in aasoraa1lee JlCF nlin1:1te at ~ 05 flt'l9 af!e 3 7° 
itl a SJleetroJlhoto119eter, or 1:3; reaeiflg the ehaflge iR aesor0aRee 0e 
I\, eeR O to 60 seeone!s. Rejleal tlrn JlFOeee1:1re !er each S1c1,1{t{l, ti 
sahttia,, aRe 'Fe:rt :;olttlio,r, aHe reeore tile res1:1lts. 

C<tteut111io,15 Cot!, ert to logarithms the aasoreat1oe ,·alt1es of 
tlrn Sls,,dfl, ti :'JOtulio,15, at1e Jllot the log ehaflges ifl a0sor0af!ee 
OR the) aJcis BREI the hejlarifl eof!eentratioRs OH tlrn x f!ltis. Cot! 
stF1:1ot a straight liRe of aost fit, 1:1sit1g a least S!jt:1ares liHear regres 
sioR aRalysis. Sifflilarl;· treat the aesereaflee ,·al1:1es of the 'Fe:r.' 
:rohttio,1:;, af!e eof!sffilet tile ml :;alu,'io,1:r lifle. The regression lifles 
fer the 'k:'JI 5o,1ution:; at1e the Sla,11.i-s: d :;olttlio, 15 ha\·e a eommoR 
ifltereejlt Of! tho) anis at eose 0. Deteffflifle tile slojle fer eaeh re 
gressiofl lifle. Cale1:1late the jlOteflCJ of HeJlariR Soeittfll talceR 0)' 
the feffflt:1la: 

Pf:5.,,rl--5.,+; 
iR which Pis tile JlOleAeJ' of tho S1s:1{t{l:,tf 5oh,1io,15; af!e 5.,r&fltH'& 
are the sloJles of the Ii-Hes &off! the ml :;o,½ilio.i5 at1e the Sls,r{t{l;\:I 
!iot,.1ia,1!J, rOSJleeti·,·ol;·. Ei,cjlress the At1ti factor X. jlOtef!CJ' of the 
~I 3a{ttlio,, as a Jlereefltage of the hejlBriR eot1eet1tfatiot1 eeter 
m1t1_ee tfl t~e A~tl). Cale1:1late the JlCreef!t aflti tttetor X.. ~ 
agamst a11!Jeoag1:1laflt aeti l'iFJ' a;· the feffflt:1la: 

I OOEaRti fuetof X. jlOteAeJ' / antieoag-tilaRt JlOlCflC)'). 

Jllot less th!ffl 80% f!fle f!Ot fflOFe than 120% is fettflEI. 

"-pH 8.4 Buffer-Dissolve amounts of tris(hydroxy

methyl)aminomethane, edetic acid, and sodiwn chloride in 

water containing 0.1 % of polyethylene glycol 6000 to ob

tain a solution having concentrations of 0.050 M, 0.0075 

M, and 0.175 M, respectively. Adjust, ifnecessary, with hy

drochloric acid or sodium hydroxide solution to a pH of8.4. 

Antithrombin III solution-Reconstitute an accurately 

weighed quantity of antithrombin III (see Reagent Specifi

cations under Reagents, Indicators, and Solutions) in pH 

8.4 buffer to obtain a solution having a concentration of 

l .O Antithrombin III Unit per mL. 

Factor x. solution- Reconstitute an accurately weighed 

quantity of bovine factor Xa (see Factor Xa in Reagent Spe

cifications under Reagents, Indicators, and Solutions) in pH 

8.4 Buffer to obtain a solution that gives an absorbance val

ue between 0.65 and 1.25 at 405 nm when assayed as de

scribed below but using 30 µL of pH 8.4 Buffer instead of 

the 30 µL of Standard solutions or Test solutions. [NOTE

Factor x. solution contains about 3 nanokatalytic units per 

mL, but can vary depending upon the manufacturer of factor 

Xa or the substrate used.] 

Chromogenic substrate solution- Prepare a solution of a 

suitable chromogenic substrate for amidolytic test (see Re

agent Specifications under Reagents, Indicators, and Solu

tions) specific for factor Xa in water to obtain a 

concentration of about 1 mM. 

Stopping solution-Prepare a 20% (v/v) solution of acetic 

acid in water. 

Standard solutions-Dilute an accurately measured vol

ume of USP Heparin Sodium RS with pH 8.4 Buffer to ob

tain at least 5 (out of 7 below) solutions having known 

activities of about 0.375, 0.3125, 0.25, 0.188, 0.125, 

0.0625, and 0.0313 USP Heparin Unit per mL. 

Test solutions-Dissolve or dilute an accurately measured 

quantity of Heparin Sodium in pH 8.4 Buffer, and dilute 

with the same buffer to obtain solutions having activities ap

proximately equal to those of the Standard solutions. 

Procedure-[NOTE-Perfonn the test with each Standard 

solution and Test solution in duplicate.] To each of a series 

of suitable plastic tubes placed in a water bath set at 37°, 
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transfer 120 µL of pH 8.4 Buffer. Then separately transfer 30 

µL of the different dilutions of Standard solutions or Test 

solutions to the tubes . Add 150 µL of Antithrombin III solu

tion, prewarmed at 37° for 15 minutes, to each tube, mix, 

and incubate for 2 minutes. Add 300 µL of Factor Xa solu

tion, prewarmed at 37° for 15 minutes, to each tube, mix, 

and incubate for 2 minutes. Add 300 µL of Chromogenic 

substrate solution, prewarmed at 37° for 15 minutes, to each 

tube, mix, and incubate for exactly 2 minutes. Add 150 µL 

of Stopping solution to each tube, and mix. Prepare a blank 

for zeroing the spectrophotometer by adding the reagents in 

reverse order, starting with the Stopping solution and ending 

with the addition of 150 µL of pH 8. 4 Buffer, and excluding 

Standard solutions or Test solutions. Record the absorbance 

at 405 nm against the blank. 

Calculations-Plot the log of the absorbance values of the 

Standard solutions and Test solutions versus heparin con

centrations in USP Units. Construct separate straight lines 

of best fit using least-squares linear regression analyses 

for the Standard solutions and Test solutions, and determine 

the slope for each regression line. Calculate the potency of 

Heparin Sodium by the formula: 

P(Sr I Ss), 

in which Pis the potency of USP Heparin Sodium RS; and 

Sr and Ss are the slopes of the lines from the Test solutions 

and Standard solutions, respectively. Express the Anti-fac

tor Xa potency of the Test solution as a percentage of the 

heparin concentration determined in the Assay. Calculate 

the percent anti-factor Xa activity against anticoagulant ac

tivity by the formula: 

1 00(anti-factor Xa potency / anticoagulant potency). 

Not less than 80% and not more than 120% is found .• usm 

BRIEFING 

Hydrocodone Bitartate, USP 26 page 911 and page 63 of PF 
28(1) [Jan.- Feb. 2002]. It is proposed to delete the TLC method in 
the test for Ordinary impurities, add a new Related compounds test 
to resolve process impurities, and revise the Assay. The previously 
proposed Related compounds test and the proposed addition to the 
Reference standards section that appeared in PF 28(1) are now 
both cancelled. The new proposed tests for Related compounds 
and the Assay use a gradient HPLC method based on analyses per
formed with the Phenomenex Columbus brand of L 7 column. 

(PA2: J. Kelly) RTS- 37918-1 

Change to read: 
Specific rotation (781 S): between -79° and - 84 °. 

Test solution: 20 mg, undried, per mL, in water. 

•Calculate the result on the basis of the undried aliquot. ■ 1 

Delete the following: 
•ordieory h11puritic9 (466)-

Tetit salutia,1: a fflil,R!Fe ef fflethanel aed wateF (I: I). 
E;1t111tia, ti salutia,1: a fflina.tfe e f ffletftanel aed .. ateF (1: I). 
El11t1,1I: a FRiJ,tttre ef kenaees, aeeteee, ffiOtkaeel , and ltffiffl8 

eiuFR k~ dFenide (60:10:20: 1.5). 
Fisut1lLc'llia,1: 3, fellowed b)' 8YOfSj3Fa)·ieg witk H)'dFegee 13er 

snide TS. [NQ.+.E; Ce, eF tke tkie layef ekFeFRat0gra13kie plate 
.~·itk a glass 13late te slew fedieg ef !He s13ets. Bnelude tke eFigiH 
s13et, if 13res0Ht, H"Offi tke deterffliHatieH ef tke total iFR13t1ritie 
!r.1.USP27 

Add the following: 

•Related compounds-

NoTE-Dry both USP Hydrocodone Bitartrate RS and 

USP Dihydrocodeine Bitartrate RS under vacuum at 105° 

for 2 hours . Immediately transfer the dried materials to a 

dessicator containing phosphorus pentoxide. Immediately 

weigh each dried material, and proceed with the Assay. 

Solution A, Solution B, Mobile phase, and Chroma

tographic system-Proceed as directed in the Assay. 

Test solution-Use the Assay preparation. 

System suitability solution-Combine about 1.5 mg of 

USP Dihydrocodeine Bitartrate RS and 1.0 mL of the Stan

dard preparation prepared for the Assay in a 200-mL volu

metric flask. Dilute with Solution A to volume, and mix. 

Chromatographic system (see Chromatography (621))

Proceed as directed in the Assay. Chromatograph the System 

suitability solution, and record the peak responses as direc-

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 



78 IN-PROCESS REVISION 
Pharmacopeial Forum 

Vol. 29(1) [Jan.-Feb. 2003] 

ted for Procedure: the relative retention times are about 0.89 

for dihydrocodeine and 1.0 for hydrocodone; and the rela

tive standard deviation for replicate injections is not more 

than 2.0%. 

Procedure-Inject equal volumes (about 20 µL) of the 

Test solution and System suitability solution into the chro

matograph, record the chromatograms, and measure the 

peak responses. Calculate the percentage of dihydrocodeine 

bitartrate and any unknown impurities in the portion ofHy

drocodone Bitartrate taken by the formula: 

10000( CIW)F(r,, I r,), 

in which C is the concentration, in mg per mL, of USP Hy

drocodone Bitartrate RS in the System suitability solution; 

Wis the quantity, in mg, of Hydrocodone Bitartrate taken 

to prepare the Test solution; Fis the relative response factor 

and is equal to the values given in the following table; r,, is 

the individual peak response of each impurity in the test 

so lution; and r, is the response of hydrncodone bitartrate 

in the System suitability solution: not more than 0.5% of 

any individual impurity is found, and not more than 2.0% 

of total impurities is found. 

Hydrocodone Bitartrate Relative Relative 

and Retention Time Response 

Related Compounds Factor 

dihydrocodeine bitartrate 0.89 0.81 

hydrocodone diol 0.92 0.76 

bitartrate 

hydrocodone bitartrate 1.00 1.00 

dihydrothebainone 1.03 0.44 

bitartrate 

hydrocodone aldol dimer 1.10 0.96 

bitartrate 

7-cyclohexenyl hydroco- 1.50 1.00 

done bitartrate 

Relative Relative Hydrocodone Bitartrate 

and Retention Time Response 

Related Compounds 

benzophenone 

other impurities 

Change to read: 

1.79 

Factor 

0.073 

1.0 
11,,. USP27 

Assay [1>1oTE Dry eotk tke USP H)1drneodone Bittutrate Re 
and tlie JI) drooodone Bitaftrete materials in ·,·eeuum at 195° fer 
2 kours. Immediate])' transfer tho eried 1anateFials to a desioeator 
eontaining 13kos13koR!s 13entmliso. V.'eigk oaok d,Fies material indi 
.-isually ·.,·itkin 1 mi11ute, and 13roeeed ,,itk tke ,fa:'i'a;.] 

M1,bile phtt:'i'e Pre13are a taniitntre of aeetonitrile, 1 ♦· ater, and 
dietk)·lemine (8QQ: 4: I). Pre13aro a J'iltered, ans degassed minnire 
of tliis solution and metkanol (55: 4 5). Meleo acijustments if nooes 
SBI)' (see S):'i'le,11 Si,ilttbilil) under Ch, o,11t11Bg, ap,~y (&!-1-)r. 

Stt1,1tl-t1, ti- p, f!fJtil tt.'iB,1 Transfer aeout IQ mg of 13re, iousl) 
dried USP li)•droeodone Bitertrate Re, aeouratei)' weigked, to a 
IQ rnL Yolumetrie fleslc, add, 5 rnL of water, and mill to dissoh<e. 
Dilu!e wi!li metliElflol to ,·oluiane, and mill to oetain a selutien ka ♦' 
ing a Jeno ,.-n eeneenlfl1tien ef aeeut I mg 13er rnL. 

,fa:Ya<;' prept1rn/,'1,,1 Transfer an aeouratel)' weigked EJUantit)• ef 
13re, ieusl) eried H)·dreeedene Bitaftrate, eEJui ,·alent to aeeut I QQ 
tang ef k;·dreeedene eitaftrate, C...,H_,.NG;;··-G4H,G,, to a I QQ mL 
·,·oluffietFie t:laslc, add SQ mL of water, and ffiill te dissoh•e. Dilute 
v. itlt ffietkanol to ,·olu1ane, and mill. 

Ra1,luti1,,1 :'i'Blt1ti1,11 PretJere a solution in metlianel eontaining 
aeout Q.4 mg ef dili;·dreeedeine aitartrate USP Dik;·eroeedeino 
Bitartrate Re and Q.6 mg ef USP l!ydreoeeene Bitartrate Re 
13er rnL. Pre13ere a 1anillntro eftkis solution and .. ater (1:1). 

Ch, BmttlBg, apMe :'i'):'i'le,n (see Ch, omttlBg, t1p,1,y (&!+)~ 
liEJuid ehremategra13k is eEJui1313ed witk a 28Q nm deteetor ans a 
4.6 fflfll H 25 em eeluFHfl that eentains 13aelcing L3. The fie,,. rate 
is aeer,it 1.5 1anL 13er 1ani!lute. Cl1remalogra13l1 tko R:O:YBl11ti1,,1 :YB•'-« 
,'iB,1, and reeerd tke ros13enses as direeted under P11,eedt11 e. tke 
reselutien, R, aetcweon the h)0d:Feoedene and dik;•dFeeeeeine 13eal.s 
is not less than 3.Q. Tke relati ,·e retentien times ere aaeut Q.7 feF 
hydreeedene and 1.Q fer dih;·dreoedeine. Ckrernategre13h tke 
8tt1,1tl-ttrd p1·ept1rn/i1,11, and reeerd, tho 13ealt res13enses as directed 
under A oeedt1, e: the relati ,·e stElfldaFd deYiatien fer re13lieate ifljee 
tiens is net mere tkan l .QK 

P11,eedu1e £e13aFatel;· i11:ieet eEJual ·,·elumes (aaeut 2Q µL) ef 
tke Sta11dsrtl-p,·ept1,·t1ti1,,1 and the A:'i':'i'a;·p1-ept11w1ian inte the ehre 
ffiategra13k, reeerd I.Re ekreffiatogra1m, 8fld measUFe tlie res13enses 
far tlie 1anajeF 13eal,s. Caleulate tke Ejt:tantil)·, in mg, ofC~;;··
C4H,G, in tke 13oftien ef 1-i)·dreeedene Bitaftrate talcen ay tko fer 
ffitlla.;.. 

(lQQC)(, .,.+-1',.r, 

in whiel, C is tke oenoentratie11, in mg JlOF mL, ef USP H;·dreee 
done Bital1Fate Re in tke Stt1,1tkt, tl-p, eptt, ttli1,11, and r.,-ftftd.-,,;-are 
tl,e 13ealt res13onses oetained fi·em the A:'i':'i'li'J p1 eptt, ttliB,, and the 
Stt1,1tl-tt,·tl-p, ept1rnliB11, res1300tii.·el;·. 

11,,.Solution A-Dissolve 5.75 g of monobasic ammonium 

phosphate in about 900 mL of water in a 1000-mL volu

met1ic flask, adjust with phosphoric acid to a pH of 3.0 ± 

0.1, dilute with methanol to volume, and mix. 
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Solution B-Prepare a filtered and degassed mixture of 

methanol and water (80:20). 

Mobile phase-Use variable mixtures of Solution A and 

Solution B as directed for Chromatographic system. Make 

adjustments if necessary (see System Suitability under 

Chromatography ( 621) ). 

Standard preparation-Dissolve an accurately weighed 

quantity of USP Hydrocodone Bitartrate RS in Solution A 

to obtain a solution having a known concentration of about 

about 1.5 mg per mL. 

Assay preparation-Transfer an accurately weighed 

quantity of previously dried Hydrocodone Bitartrate equiva

lent to about 150 mg of hydrocodone bitartrate to a I 00-mL 

volumetric flask, dissolve in and dilute with Solution A to 

volume, and mix. 

Chromatographic system (see Chromatography ( 621) )

The liquid chromatograph is equipped with a 280-nm detec

tor and a 4.6-mm x 25-cm column that contains 5-µm 

packing L 7. The column temperature is maintained at 60°. 

The flow rate is about 1.2 mL per minute. The chromato

graph is programmed as follows. Chromatograph the Stan

dard preparation, and record the peak responses as directed 

for Procedure: the tailing factor is not more than 1.0; and the 

relative standard deviation for replicate injections is not 

more than 2.0%. 

Time Solution A Solution B Elution 
(minutes) (%) (%) 

0 100 0 equilibrium 
0- 6 100 0 isocratic 
6- 30 100-+0 0-+ 100 linear gradient 

30- 31 0-+ 100 100-+0 linear gradient 

Procedure-Separately inject equal volumes (about 20 

~LL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the peak responses. Calculate the quantity, in mg, 

of Hydrocodone Bitartrate (C 1sH21 NO3 · C4H6O6) in the 

portion of hydrocodone bitartrate taken by the formula: 

1 00C(rul rs), 

in which C is the concentration, in mg per mL, of USP Hy

drocodone Bitartrate RS in the Standard preparation; and ru 

and rs are the peak responses obtained from the Assay prep

aration and the Standard preparation, respectively . .i.usn7 

BRIEFING 

lodixanol, USP 26 page 991; lodixanol Injection, USP 26 page 
994. The proposed revisions to the Reference standards section in 
these two related monographs and to the test for Limit of free aro
matic amine, shown below, are to clarify the name of the Reference 
Standard for the iodixanol related compound A. Because it is iden
tical to iohexol related compound B, only the USP Iohexol Related 
Compound B RS will be cited in the monographs. 

(RMI: F. Barletta) RTS- 38807-1 

Change to read: 
USP Reference standards ( 11 )- USP lodixanol RS USP ,'-8d-i-Jt 
tMa{ Re{-aleti CtJ,,tpat1,1ti A RS. 

"' USP lohexol Related Compound B RS. usn7 
USP lodixanol Related Compound C RS ufp lodixanol Related 
Compound D RS USP lodixanol Related Compound E RS 

Change to read: 
Limit of free aromatic amine--

N-( 1-Naphthy[)ethylenediamine dihydrochloride solution-Pre
pare a fresh solution of N-(1-naphthyl)ethylenediamine dihy
drochloride (3 in I 000) in a mixture of propylene glycol and 
water (70:30). 

Blank solution- Add 15 mL of water to a 25-mL volumetric 
flask. 

Standard stock solution-Dissolve an accurately weighed quan
tity of USP laainaflal RelaEea Catfl~Bt1fl8 A RS, 

"'USP Iohexol Related Compound B RS,.usp27 
and quantitatively dilute with water to obtain a solution having a 
known concentration of about IO µg per mL. 

Standard solution-Transfer I 0.0 mL of the Standard stock 
solution and 5 mL of water to a 25-mL volumetric flask. 

Test solution-Transfer about 200 mg of lodixanol, accurately 
weighed, to a 25-mL volumetric flask, add 15 mL of water, and 
mix. 

Procedure-Treat the Standard solution, the Test solution, and 
the Blank solution as follows. Place the flask in an ice bath for 5 
minutes. Add 1.5 mL of 6 N hydrochloric acid, mix by swirling, 
add 1.0 mL of sodium nitrite solution (2 in I 00), mix, and allow to 
stand in the ice bath for 4 minutes. Remove the flask from the ice 
bath, add 1.0 mL of 4% sulfamic acid solution, and swirl gently 
until gas evolution ceases. Add 1.0 mL of N-(1-Naphthy[)ethylene
diamine dihydrochloride solution , mix, dilute with water to vol-
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ume, mix, and allow to stand for 5 minutes. Transfer the solution 
obtained from the Test solution and the solution obtained from the 
Standard solu1ion to separate color-comparison tubes. The solution 
obtained from the Test solution is lighter than the solution obtained 
from the Standard solution: not more than 0.05% is found . If the 
solution obtained from the Tes/ solution is about the same color or 
darker than the solution obtained from the Standard solulion, pro
ceed as follows. Concomitantly determine the absorbances of the 
solution obtained from the Tes! solution, the solution obtained from 
the S!andard solution, and the solution obtained from the Blank 
solution in 5-cm cells, at the wavelength of maximum absorbance 
at about 495 nm, using the solution obtained from the Blank solu
tion to zero the spectrophotometer. Calculate the percentage of free 
aromatic amine in the portion of Iodixanol taken by the formula: 

(C/W)[(Au - As)l(As - As)], 

in which C is the concentration, in µg per mL, of U8P latfot&Ral 
Relaled Ca1'F!fl8l!!!d A R8 

•usp Iohexol Related Compound B RS . usm 
in the S!andard solu!ion; Wis the weight, in mg, oflodixanol taken 
to prepare the Test solution; Au, As, and As are the absorbances of 
the final solutions obtained from the Test solution, the Blank solu
tion, and the Standard solwion, respectively : not more than 0.05% 
is found. 

B RIEFING 

lodixa nol Inj ectio n, USP 26 page 994--See the briefing under 
Jodixanol. It is also proposed to correct invalid cross references to 
the lodixanol monograph by changing the title of the test for Chro
matographic purity to Related compounds and making other ed i
torial changes. 

(RM I: F. Barletta) RTS- 38807-2 

Change to read: 
US P Reference standards ( II )-USP lodixanol RS. USP i'Bd·L( 
a,18.' R.dalcti C8,•1rpBi,111ti A RS. 

• USP Johexol Related Compound B RS usp17 
USP lodixanol Related Compound C RS U1°P !odixanol Related 
Compound D RS USP Jodixanol Related Compound E RS 

Change to read: 
Chr0m11t0gr11phie purity 

•Related compounds- . usn7 

T EST ] -
Solu tion A, Solution B, Mobile phase, Blank solution, Standard 

stock solutions 1, 2, and 3, Standard solutions 1 and 2, Control 
~ 

• 
• USP27 

solution, Chromatograph ic system, and Procedure- Proceed as 
directed fo r Ch, B, 11 aMf:•"8P•~ie pu. it,·. 

• Related compounds, . usn7 

Test I under Jodixanol. 
Test solution ]--Quantitatively dilute a volume oflnjection with 

water to obtain a solution containing about 25 mg ofiodixanol per 
mL. 

Test solution 2--Quantitatively dilute a volume oflnjection with 
water to obtain a solution containing about 2.5 mg ofiodixanol per 
mL. 

TEST 2-
Solution A, Solution B, Mobile phase, Blank solution, Standard 

stock solutions I, 2, and 3, Standard solutions 1, 2, and 3, and 
Chromatographic system-Proceed as directed fo r Cit, Bma lB 
g, ttpl-rie pt.>1, it,, 

• Related compounds,.usn7 
Tes/ 2 under !odixanol. 

Tes! solution-Quantitatively dilute a volume of Injection with 
water to obtain a solution containing about 2.5 mg ofiodixanol per 
mL. 

Procedure-Proceed as directed for Ch, BmalBf:i"aphic pt.>11 ii}: 

• Related compounds, usPn 
Tes! 2 under lodixanol. ~ot more than 0.3% of iodixanol related 
compound E is found; and not more than 0.6% of impurity 4 is 
found. 

B RIEFING 

lsoetharine Mesylate Inhalation Aerosol, USP 26 page l O I 9. 

(AER: K. Zaidi) RTS- 39179-1 

Erratum: 

Jdenlification, line 4 under test A: Change "Jsoetharine Hydro
chloride Inhalation." to: lsoetharine Inhalation Solution. 

BRIEFI NG 

Megestrol Acetate Oral Suspension, USP 26, page 11 42, and 
page 33 14 of PF 27(6) [Nov.-Dec. 200 I ]. It is proposed to modify 
the Dissolution tes t in order to accommodate the three approved 
products avai lable on the USA market. The sample size is equiva
lent to one single dose of the product, 400 mg ofmegestrol acetate. 

(BPC: M. Marques) RTS- 36616-1; 36236- 1 
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Add the following: 

... Dissolution (7 11 )-

Medium: 0.5% sodium lauryl sulfate in water; 900 mL. 

Apparatus 2: 8 50 rpm. 

Time: ~ 20 minutes. 

Procedure Tnmsfer ta the surfe.ee af the Dissolutifm 

Mcdit111t irt the Elissalutiart Yessel art aeeuratel)· ffleas1:1reEI 

,·alu1'11e af Oral Sus~ertsiart , fresh!)· fflii,eEI artEI free fraffl 

air bubbles, equi,·alertt ta about I eQ fflg af fflegestral. 

[NOTE: Use a separate syringe for each vessel.] Withdraw 

more than 10 mL of the Megestrol Acetate Oral Suspension 

using a 10-mL syringe with a long cannula. Remove air 

bubbles from the syringe. Adjust the volume to the 10-mL 

mark on the syringe, and remove the needle. Wipe the tip of 

the syringe, and accurately weigh (gross weight). Operate 

the apparatus, and rapidly dispense the Oral Suspension to 

the side of the vessel at about halfway from the bottom. Si

milarly dispense the Oral Suspension into other vessels. Ac

curately weigh each syringe after dispensing the sample 

(tare weight). Record sample weights. After completion of 

the dissolution, filter an aliquot through a filter having a por

osity of0.45-µm, and dilute 2.0 mL of the filtrate to 50.0 mL 

with Dissolution Medium to obtain a solution having a con

centration of about 18 µg per mL. Determine the amount of 

C24H32O4 dissolved by employing UV absorption at the 

wavelength of maximum absorbance at about 292 nm on fil

tered portions of the solution under test, in comparison with 

a Standard solution having a known concentration of USP 

Megestrol Acetate RS in the same Medium . 

Tolerances: Not less than ~ 75% (Q) of the labeled 

amount of C24H32O4 is dissolved in ~ 20 minutes .... usm 

8RJEFING 

Melphalan Tablets, USP 26 page 1144. It is proposed to modify 
the test for Dissolution to be in accordance with the approved mod
ifications made to the NOA for this product. The method was va
lidated with a Hypersil C8 BOS brand of L 7 column. 

(BPC: M. Marques) RTS- 36574-6 

Change to read: 
Dissolution (711 )

Met//t,t,11: y,•ater; 500 fflL. 
Appa, alt/ff 2: 50 ftllll. 

'Fi,11e: 15 ffliflutes . 
A oeetitwe Detefff!ifle tke aH1a1:1Ht af G~Gl~G. Elissa!, ea 

fraffl UV 1:ttJsarbaHees at tke •,i,·a•,·eleHglfl ef H1a1tiffl1:1ffl 1:ttJserbaF1ee 

at abe1:1t 2e2 Flffl effilteree 13ertieF1s eftke sel1:1tieF11:1F1eer test, s1:1it 

ab!)· eih:1tee ,,·itk f>ififioh1Eio,1 ,l.1etfit1111, iffleeessary , ifl eeffl13ttriSeF1 

with a 8tot1Elore seh:1tiaF1 ko1,·it1g a IEfle,vfl eat1eet1trotiat1 af USP 

Mel13kolot1 RS ifl tke s!ifFle tlleei1:1H1. 
'FBte, a,1eCfJ ~lat less tkofl 80% (Q) ef tke lobelee 0H101:1t1t ef 

G.,.H-13~N,.Q. is eissah·ee it1 15 fflit11:1tes. 

• Medium: 0.1 N hydrochloric acid; 900 mL. 

Apparatus 2: 50 rpm. 

Time: 30 minutes . 

Determine the amount ofC13H 1sC12N2O2 dissolved by em

ploying the following method. 

Mobile phase-Prepare a filtered and degassed mixture of 

water, acetonitrile, ammonium acetate, glacial acetic acid, 

and triethylamine (1500:500:2:2:0.4) . Make adjustments if 

necessary (see System suitability under Chromatography 

(621)). 

Chromatographic system (see Chromatography (62 1))

The liquid chromatograph is equipped with a 254-nrn detec

tor and a 4.6-mm x 5-cm column that contains packing L 7. 

The flow rate is about 1.5 mL per minute. Chromatograph 

replicate injections of the Standard solution, and record the 

peak responses as directed for Procedure: the relative stan

dard deviation is not more than 3.0%. 

Procedure-Inject a volume (about 50 µL) of a filtered 

portion of the solution under test into the chromatograph, 

record the chromatogram, and measure the response for 

the major peak. Calculate the quantity of C 13H1sCl2N2O2 
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dissolved in comparison with a Standard solution having a 

known concentration of USP Melphalan RS in the same Me

dium and similarly chromatographed. 

Tolerances: Not less than 80% (Q) of the labeled amount 

of C13H1sCl2N2O2 is dissolved in 30 minutes ._.. usm 

BRIEFING 

Nabumetone Tablets, page 1315 of PF 26(5) [Sept.- Oct. 

2000]. This revision is being proposed to clarify the Packaging 

and storage requirement in accordance with the decision of the Ex

pert Committee on Packaging, Storage, and Distribution. 

(PA2: J. Kelly) RTS- 39038-1 

Add the following: 

•Nabumetone Tablets 

» Nabumetone Tablets contain not less than 95.0 

percent and not more than 105. 0 percent of the la

beled amount of nabumetone (C1sH1602). 

Change to read: 

Packaging and storage PreserYe iH tiglit eeHteiHers. 

... Preserve in well-closed containers at controlled room tem-

perature. _.. usp27 

USP Reference standards ( 11 )-USP Nabumetone RS. 

USP ,1>/-ah1,1metfJ/w AleBhBl R.8. 

Identification- The retention time of the major peak in the 

chromatogram of the Assay preparation corresponds to that 

in the chromatogram of the Standard preparation, as ob

tained in the Assay. 

Dissolution (71 1 )-

Medium: sodium lauryl sulfate solution (2 in 100); 900 

mL. 

Apparatus 2: 50 rpm. 

Time: 45 minutes. 

Procedure-Determine the amount ofC15H16O2 dissolved 

by employing UV absorption at the wavelengths of maxi

mum and minimum absorbance at about 270 nm and 296 

nm, respectively, on filtered portions of the solution under 

test, suitably diluted with Dissolution Medium, if necessary, 

in comparison with a Standard solution having a known 

concentration of USP Nabumetone RS in the same Medium. 

Tolerances-Not less than 75% (Q) of the labeled amount 

of C 15H 16O2 is dissolved in 45 minutes. 

Uniformity of dosage units (905): meet the requirements. 

Chreme~egrephie pttrif!,· 

A~B,sphate sB,11,1tifm eHd },f.ahil-e phase Preeeed es diree 

ted iH tlie Assa,· uHder ,1>/-ah1,1mctmw. 

'£0:,t prepa1·atiB11 Use tlie Assa,· p1-cpare1tiB11. 

B!e111k p1 epa, atim1, Sj'Stem s1,1itahility p, epa1·ahfJl1 , eHd 

Gh1·tm1atBt;1•apltie system Preeeed es direeted iH tlie 011'{! 

matBt;fftphic pw·itJ,· test uHder ,¥-ah1,111wtmw. 

Praee.i-rx, e Prneeed es direeted iH tlie Ch1'{JmatBr;1wpltic 

pw it),· test uHder Nah1,111wtB1w. Celeulete tlie pereeHtege ef 

eeeli i1'Hpurit)· iH tlie pertieH efTuelets tekeH a~· tlie·fefffiuie: 

iH wliieli I'; is tlie peek eree fer eeeli ifflpurity; eHd r,, tS-4he 

peek eree fer Heel:tffleteHe: Hat fflere tlien 0.5% ef HeBUffle 

teHe eleeliel is felffld; Het fflere tlieH 0.5% eftetel etlier iffl 

purities is feuHd; eHd Hat fflere tlieH 1.0% ef tetel ifflpurities 

is feuHd. 

Assay-

Mobile phase-Prepare a solution of 6 mL of glacial ace

tic acid in 350 mL of water. Adjust with I N sodium hydrox

ide to a pH of 3. 7, and dilute with water to obtain 400 mL. 
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Prepare a filtered and degassed mixture of acetonitrile and 

this solution (3:2). Make adjustments if necessary (see Sys

tem Suitability under Chromatography (621 )). 

Standard preparation- Dissolve an accurately weighed 

quantity of USP Nabumetone RS in a mixture of methanol 

and water (9: 1) to obtain a solution having a known concen

tration of about 0.5 mg per mL. 

Assay preparation- Weigh and finely powder not fewer 

than 20 Tablets. Transfer an accurately weighed portion of 

the powder, equivalent to about 500 mg ofnabumetone, to a 

1000-mL volumetric flask, add about 100 mL of water, and 

stir with the aid of a magnetic stirrer for 5 minutes. Dilute 

with methanol to volume, stir for another 15 minutes, and 

filter. 

Chromatographic system (see Chromatography ( 621 ) )

The liquid chromatograph is equipped with a 280-nm detec

tor and an 8-mm x 10-cm column that contains 10-~tm 

packing L 1. The flow rate is about 2 mL per minute. Chro

matograph the Standard preparation, and record the peak 

responses as directed for Procedure: the column efficiency 

is not less than 1500 theoretical plates; the tailing factor is 

not more than 1.5; and the relative standard deviation for 

replicate injections is not more than 2.0%. 

Procedure- Separately inject equal volumes (about 20 

pL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the responses for the major peaks. Calculate the 

quantity, in mg, of nabumetone (C15H 160 2) in the portion 

of Tablets taken by the formula: 

in which C is the concentration, in mg per mL, of USP Na

bumetone RS in the Standard preparation; and ru and rs are 

the peak responses obtained from the Assay preparation and 

the Standard preparation, respectively. 

PhetJfJl<u,Ee s0lt1Ei0n, M8hilephc1se, SEmuh1·dp1'Cf)c11w#011, 

ane Cli1·0111c1Mgrctphie s;sEem Preeeee as eireetee in the 

Assa, ttneer ,'.Caht.meE011e. 

Ass6J p1 Cf'Jcll'c1Ei011 Weigh ane Finely peweer net fewer 

than 20 Tu0lets. Tr!lflsfer as aeettrately weighee peffies ef 

the peweer, eqttiYalent te a0ettt 500 fflg, te a 500 fflL Yeltt 

ff!Ctrie Flask, aee a0ettt 400 fflL efmethasel, sesieate fer 20 

misttles, ase shake 0)' mechanical meass at high speea fer 

20 mistttes. Dilttte with methasel te 1,·elttffle, ane miiL Di 

lttte an aeettrately rHeasttree parties ef this selttlien qttanti 

lati;rely with fflelhanel te e01ais a sehitien haYing a 

eeF1eentra1ies efa0ettt 0.3 rHg ef na0ttffletese per fflL. Pass 

thret1gh a st1ita0le Filter, eiseareisg the First 2 le 3 fflL ef the 

4tltrate,. 

P-i0eetit11'C Separately ifljeel eqttal ,·elttrHes (a0ettt 20 

i,tL) ef the SEtmdtt1-tJ f'/'Cf}cl, c1Ei011 asa the Assa, P· t:ptll'tlH(J,'I 

inte the ehremategraph, reeere the ehrefflategrams, asa 

rHeasttre the areas fer the fflajer pealcs. Calettlale the afflettnl 

ef na0ttfflelene (C..Jii.,e,.), in fflg, in the pertien ef Ta0lets 

lalcen 0)1 the feffflttla: 

ifl which C is the eeneentratien, in fflg per fflL, efUSP Na 

0ttfflelene RS in the SEtmdtt1¥ip1cpt11'tlEiB,1; MS ,~..,.are 

the peak areas e0taisea fi:effl the Assa,1 p1·cpc1rs1EiBII ase the 

SEa11t/.ai1 d p1 cpc11wEiB11, respeeli1,·el)1 •• 1 

8RJEFING 

Naltrexone Hydrochloride Tablets, USP 26 page 1269. Be
cause it has been reported that naltrexone free base and naltrexone 
hydrochloride have maximum UV absorbances at different wave
lengths, 288 run and 282 nm, respectively, it is proposed to modify 
preparation of the Standard solution in the test for Dissolution to 
yield naltrexone hydrochloride. It is also proposed to revise the for-
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mula used for calculation in the Assay and to revise molecular 
weights to reflect current atomic weight values published in USP 
26. 

(BPC: M. Marques) RTS-35079-1 

Change to read: 
Dissolution (711 )

Medium: water; 900 mL. 
Apparatus 2: 50 rpm. 
Time: 60 minutes. 
Procedure-Determine the amount of C20H23NO4 · HCl dis

solved from UV absorbances at the wavelength of maximum absor
bance at about 281 nm using filtered portions of the solution under 
test diluted with Dissolution Medium, if necessary, in comparison 
with a Standard solution ha~·iflg a lcfle .. fl eef!eef!tratiefl ef USP 
Naltrenef!e RS ifl the sl¼Ffle tfleeitiffl. 

•prepared as follows . Transfer about 5.5 mg of USP Nal-

trexone RS to a 100-mL volumetric flask, add 1.5 mL of 

methanol and 0 .6 mL of 0.1 N hydrochloric acid, and 

mix. Dilute with Dissolution Medium to volume, and 

mix . ._usn7 
Tolerances-Not less than 80% (Q) of the labeled amount of 

C20H23NO4 · HCl is dissolved in 60 minutes. 

Change to read: 
Assay-

Solution A, Solution B, Mobile phase, Resolution solution, 
Standard preparation, and Chromatographic system-Proceed as 
directed in the Assay under Naitrexone Hydrochloride. 

Assay preparation-Transfer not fewer than 20 Tablets to a 
tared container, and determine the average Tablet weight. Grind 
the Tablets to a homogeneous mixture. Transfer an accurately 
weighed portion, equivalent to about 250 mg ofnaltrexone hydro
chloride, to a 100-mL volumetric flask. Add about 80 mL of0.1 M 
phosphoric acid, and shake or sonicate for at least 30 minutes. Di
lute with 0.1 M phosphoric acid to volume, mix, and filter. 

Procedure-Proceed as directed for Procedure in the Assay un
der Naltrexone Hydrochloride. Calculate the quantity, in mg, of 
naltrexone hydrochloride (C20H23NO4 · HCl) in the portion of 
Tablets taken by the formula: 

(377.86)(31 I .1 l)(I00C)(,".;H',.,1 

•(377.86/341.40)1 00C(rul rs),.usm 

in which the tenns are defined therein. 

BRIEFING 

Naratriptan Tablets, page 1830 of PF28(6) [Nov.- Dec. 2002). 
It is proposed to add a Dissolution test to this monograph. 

(BPC: M. Marques) RTS- 39277-2 

Add the following: 

• N aratriptan Tablets 

» Naratriptan Tablets contain an amount of Nara

triptan Hydrochloride equivalent to not less than 

90.0 percent and not more than 110.0 percent of 

the labeled amount of naratriptan (C11H2sN3O2S). 

Packaging and storage-Preserve in tight containers, and 

store at controlled room temperature. 

USP Reference standards ( 11 )-USP Naratriptan Hydro

chloride RS. USP Naratriptan Related Compound A RS. 

USP Naratriptan Related Compound B RS. 

NOTE- When performing assays and tests, store all stan

dard, system suitability, and sample solutions in a cool 

place, protected from light. 

Identification-

A: Thin-Layer Chromatographic Identification Test 

(201)-

Diluent-Prepare a mixture of methylene chloride and 

methanol (1:1). 

Adsorbent: high performance thin-layer chromatographic 

silica gel. 

Test solution-Transfer a number of Tablets, equivalent to 

5 mg ofnaratriptan, to a 25-mL flask, add 1.0 mL of water to 

wet the Tablets, and gently shake to remove the Tablet film 

coating. Add 4.5 mL of Diluent, and shake for 5 minutes or 

until the Tablets have dispersed. Centrifuge at 3000 rpm for 

10 minutes, and pass through a nylon filter having a 0.45-

µm porosity. 

Developing solvent system: a mixture of methylene chlo

ride, alcohol, and triethylamine (10:2: 1 ). 
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B: The retention time of the major peak in the chroma

togram of the Assay preparation corresponds to that in the 

chromatogram of the Standard preparation, as obtained in 

the Assay. 

Dissolution (711 )-

Medium: 0.1 N hydrochloric acid; 500 mL, deaerated. 

Apparatus 1: l 00 rpm. 

Times: 15 minutes. 

Procedure-Determine the amount of C17H2sN3O2S dis

solved from the difference between first derivative absor

bance values at the wavelengths of maximum and 

minimum in the range from 226 nm to 236 nm on filtered 

portions of the solution under test, suitably diluted with Dis

solution Medium, if necessary, in comparison with a Stan

dard so lution having a known concentration of USP 

Naratriptan Hydrochloride RS in the same Medium . 

[NOTE- Do not sonicate the Standard solution to effect 

solution. Dissolve the Reference Standard with Dissolution 

Medium at about 37°.] 

Tolerances-Not less than 80% (Q) of the labeled amount 

of C1 1H2sN3O2S is dissolved in 15 minutes. 

Uniformity of dosage units (905 ): meet the requirements. 

Chromatographic purity-

0. 05 M Ammonium phosphate buffer and Resolution solu

tion-Prepare as directed in the test for Chromatographic 

purity under Naratriptan Hydrochloride . 

Solution A-Use filtered and degassed 0. 05 M Ammonium 

phosphate buffer. 

Solution B-Use filtered and degassed acetonitrile. 

Mobile phase- Use variable mixtures of Solution A and 

Solution B as directed for Chromatographic system. Make 

adjustments if necessary (see System Suitabili ty under 

Chromatography ( 621 ) ). 

Test solution-Transfer 5 Tablets into a suitable amber 

flask. Add 20.0 mL of 0.1 N sodium hydroxide, and allow 

to stand for 10 minutes. Sonicate for 10 minutes with regular 

vigorous swirling of the flask. Add 30.0 mL of 0. 05 M Am

monium phosphate buffer, and mix well. Centrifuge a por

tion of this solution at 3500 rpm for about 10 minutes, and 

pass through a suitable filter having a 0.2-µm porosity, dis

carding the first 3 mL of the fi ltrate. 

Chromatographic system (see Chromatography ( 621) )-

The liquid chromatograph is equipped with a 225-nm detec

tor and a 4.6-mm x 15-cm column that contains 4-µm 

packing Ll. The column temperature is maintained at 40°. 

The flow rate is about 1.5 mL per minute. The chromato

graph is programmed as follows . Chromatograph the Reso

lution solution, and record the peak responses as directed for 

Procedure: the relative retention times are about 1.07 for 

naratriptan related compound B and 1.0 for naratriptan; 

and the resolution, R, between naratriptan and naratriptan 

related compound B is not less than 1.5. 

Time Solution A Solution B 

{minutes} {%2 {%2 Elution 

0-35.0 97-t80 3-t20 linear gradi-

ent 

35.0--40.0 80 20 isocratic 

40.0--40.1 80-t97 20-t~ 3 linear gradi-

ent 

40 .1-50.0 97 3 re-equilibra-

t_i_QJJ._ 

Procedure-Inject a volume (equivalent to about 5 µg of 

naratriptan hydrochloride) of the Test solution into the chro

matograph, record the chromatogram, and measure the areas 

for all of the peaks. Calculate the percentage of each impu

rity in the portion of ·Naratri19ten HyElroehloriEle Tablets ta

ken by the formula: 
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1 00(r, /F)l[rN + I:(r, IF)], 

in which Fis the relative response factor (see the accompa

nying table for values) for each impurity; r; is the peak re

sponse for each impurity ; and rN is the naratriptan peak 

response (see the accompanying table for limits). In addition 

to not exceeding the limits listed in the accompanying table, 

not more than 0.2% of any other individual impurity is 

found; and not more than 1.5% of total impurities is found. 

Relative retention Relative response 

time factor (F) Limit(%) 

1.07 0.6 0.2 

1.26 0.6 0.2 

1.33 0.4 0.3 

1.44 0.6 0.2 

1.62 0.5 0.2 

Assay-

0.01 M Triethylamine phosphate buffer, Mobile phase, 

and Resolution solution-Prepare as directed in the Assay 

under Naratriptan Hydrochloride. 

Standard preparation-Dissolve an accurately weighed 

quantity of USP Naratriptan Hydrochloride RS in 0.1 N so

dium hydroxide to obtain a solution having a known con

centration of about 0.2 mg per mL. Dilute an accurately 

measured volume of this solution in 0.01 M Triethylamine 

phosphate buffer to obtain a solution having a known con

centration of about 20 µg per mL. 

Assay preparation-Transfer 5 Tablets into an amber 250-

mL vo lumetric flask , add 30 mL ofO. l N sodium hydroxide, 

and shake on a wrist-action shaker for at least 30 minutes. 

Sonicate for IO minutes with regular vigorous swirling of 

the flask. Add about 170 mL of 0.01 M Triethylamine phos

phate buffer, and mix well. Allow to cool to room tempera-

ture, dilute with 0.01 M Triethylamine phosphate buffer to 

volume, and mix. Centrifuge a portion of this solution at 

3500 rpm for about 10 minutes, and pass through a suitable 

filter having a 0.2-µm porosity, discarding the first 3 mL of 

the filtrate. 

Chromatographic system (see Chromatography (621 ))

The liquid chromatograph is equipped with a 224-nm detec

tor and a 4 .6-mm x 15-cm column that contains 3-µm 

packing Ll 1. The flow rate is about 1.3 mL per minute. 

Chromatograph the Resolution solution, and record the peak 

responses as directed for Procedure: the relative retention 

times are about 0.9 for naratriptan related compound A, 

1.0 for naratriptan, and 1.1 for naratriptan related compound 

B; and the resolution, R, between naratriptan related com

pound A and naratriptan and between naratriptan related 

compound B and naratriptan is not less than 1.5. Chromato

graph the Standard preparation, record the chromatogram, 

and measure the peak response as directed for Procedure: 

the relative standard deviation for replicate injections is 

not more than 1.5%. 

Procedure- Separately inject volumes ( equivalent to 

about I µg of naratriptan hydrochloride) of the Standard 

preparation and the Assay preparation into the chromato

graph, record the chromatograms, and measure the re

sponses for the major peaks. Calculate the quantity, in mg, 

ofnaratriptan (C 17H25N30 2S) in the portion of Tablets taken 

by the formula: 

(335.47/371.93) 1 00(CID)(ru l r5), 

in which 335.47 and 371.93 are the molecular weights of 

naratriptan and naratriptan hydrochloride, respectively; C 

is the concentration, in mg per mL, of USP Naratriptan 

Hydrochloride RS in the Standard preparation; D is the 

concentration, in mg per mL, of naratriptan in the Assay 

preparation, based upon the labeled quantity of naratriptan 

in the portion of Tablets taken and the extent of dilution; and 
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ru and rs are the peak responses obtained from the Assay 

preparation and the Standard preparation, respective-

ly .... usP11 

BRIEFING 

Nifedipine Extended-Release Tablets, USP 26 page 1313 and 

the Fifth Interim Revision Announcement pertaining to USP 25 

page I 3 71 of PF 28(5) (Sept.- Oct. 2002]. 

(PAS: A. Wilk; BPC: M. Marques) RTS- 39085-1 ; 39092-1 

Erratum: 
Drug release, Test 4, line 3 in the table for Tablets labeled to 

contain 60 mgof Nifedipine under Tolerances: Change" 10" to: 12 

BRIEFING 

Norgestimate and Ethinyl Estradiol Tablets, page 79 of PF 

28( I) [Jan.- Feb. 2002]. It is proposed to correct the information 

under Time in the Dissolution test. 

(BPC: M. Marques) RTS- 37369-4 ; 33448-7 

Add the following: 

•Norgestimate and Ethinyl Estradiol 
Tablets 

» Norgestimate and Ethinyl Estradiol Tablets con

tain not less than 90.0 percent and not more than 

110.0 percent of the labeled amounts of norgesti

ma te (C2 3H 31NO 3) and ethinyl estradiol 

(C20H24O2). 

Packaging and storage-Preserve in well-closed con

tainers. 

USP Reference standards ( 11 )-USP Ethinyl Estradiol 

RS. USP Norgestimate RS 

Identification- The retention times of the major peaks in 

the chromatogram of the Assay preparation correspond to 

those in the chromatogram of the Standard preparation, 

as obtained in the Assay. 

Disintegration (701 ) : 15 minutes. 

Dissolution (711 )-

~tOTE Enereise e!H'e iH filteriHg emi hemiliflg sol1:1ti0Hs 

eoHteiHiHg ethiH)'I estreaiol to preveHt essorpth•e loss of 

the srttg. CeHtrifugetioH fflt¼)' ee 1:1sea iHstees of filtretioH 

v,ith HOHessoF19ti-.ie memereHe filters. 'Nithsrew eliEfttOts 

of sol1:1ti0Hs 1:1Hser test with gless or pol)•tef pipets or S)T 

iHges that haYe eeeH eheelEes fer assof19ti'l•e loss. Use glass 

sissol1:1tioH Yessels aHa pol)'tef eoatea or solis pol)1:ef pas 

~ 

i,f.eri-ittm: Q.Q5% pOl)'SOreate 2Q; 6QQ mb. 

AptHt/'atU!i 2: 75 f19ffi. 

Time: 2Q miH1:1tes. 

DetermiHe the amo1:1Hts of Horgestimate (C~NG;~ 

ethiH)'I eskasiol (C~O .. ) sissolves B)' emplO)'iHg the fel 

lo•,1liHg methos. 

MahilcfJhasc Prepare a filterea aHs segassea m-i11:t1:1re of 

water aHs isoprop)•I eleohol (13:7). Meke ea:i1:1strFteHts if 

Heeessaf)· (see d)'!ircm &t,irahilit)· 1:1Haer Ghi'omaro'l:1•a-ph)· 

(6U)r-

&ramia,1vi soltttio1t Dissoh•e aeettFately weighea Efl:lt¼Hti 

ties of USP }lorgestirHate RS aHa USP EthiH)·l Estrasiol 

RS iH Disso!t1tio1t .~f.ediwn, e:Hs sil1:1te Efl:lt¼Htitati'l•ei)•, Bf½a 

stepwise if Heeessar)', with Disso!t1rio1t l,ktliw11 to oetaiH 

e s0!1:1tioH he;·iHg lrnowH eoAeeHtretioHs sifBiler to t!:lose of 
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the Tost sBh.tiB,1.[}lOTE A volmne of ffietha1rnl Hot en 

eeeEling 4 % of the total voh:Iffie of the S1a.iuk:t1<d sah,1tia11 

mEl)' ee useEI .] 

Tost salutia11 Use a filtereEI f)Ortion of the solutioH uaEler 

Ch, amafflgrttphic s,>Stcm (see G'trBmatBg,''6:pHy" (rnH-
The liquiEI efifom0.togr0.J9h is equiJ9J9eEI with a 25 4 Hffi Eletee 

tor (for norgestimate at1al)'Sis), a Sf)eetrofiuerernetrie Eletee 

tor (fer ethinyl estrnEliol anal)'Sis) set at ea eJ,eitatioH 

wa,,·elength of 220 nm anEI Bf! emissien wa,,•eleagth of 280 

nm, anEI a 4 .a mm lC 25 em eolurnn that contains a 5 µffl 

f>Belcit1g LI 8. The fie¥♦' rate is aeout 1 rnL f)Or rnit1ute. Chro 

rnatograJ9h the Slm16ffl, « sBhtliB,1., anEI reeorEI the flCOlc re 

Sf)onses as ElireeteEI for P1•gccd-u;•c: the relati,•e retention 

tin1es am aeout 0.7 fer ethinyl estraEliol anEI 1.0 fer norges 

tit11ate; anEI the relati't'e stanElarEI Ele'>·iation for reJ9lieate in 

j eetions is Het more thaH 3. 0%. 

PrBcc'fi:urc SeJ9aratel)' inject equal ,,,oh,1rnes (aeout 200 

µL) of the Stanfffl!'« sBlutiB11 anEI the T...ast saltttia;1 into the 

ehro111atograJ9h, reeorEI the ehroffiatograrns, anEI t11easure the 

resf)onses fer the t11ajor f)ealcs. Caleulate the quat1tities, in 

mg, of norgestirnate (C~;.i.N0,.) and ethin;'I estraEliol 

~~Q.) Elissoh·eEI a;' the foffflula: 

C is the eoneentratioH, in mg f)er rnL, of the OflflrOf)riate one. 

l;~e in the Sta11£ffl1'« sBltttiBn; anEI I'~& are the J9eak re 

Sf)Onses oetaineEI froffi the Test sBlutia11 anEI the Sta11£ffl1w 

sBlutia11, resJ9eetively. 

Talcranccs }lot less than 80% (Q) of the laeeleEI 

~~G,. is Elissoh•eEI iH 30 ffliH 

~ 

NOTE-Exercise care in filtering and handling solutions 

containing ethinyl estradiol to prevent adsorptive loss of 

the drug. Centrifugation may be used instead of filtration 

with nonadsorptive membrane filters . Withdraw dissolution 

aliquots with glass or polytef pipettes or syringes that have 

been checked for adsorptive loss. Use glass dissolution ves

sels and polytef-coated or solid polytef paddles. 

Medium: 0.05% polysorbate 20; 600 mL. 

Apparatus 2: 75 rpm. 

Time: 30 minutes. 20 minutes for Tablets labeled as con

taining I 80 µg of C23H31NO3 and 35 µg of C20H24O2; 20 

minutes for Tablets labeled as containing 215 µg of 

C23H31NO3 and 35 µg ofC20H24O2; and 30 minutes for Tab

lets labeled as containing 250 µg ofC23H3 1NO3 and 35 µg 

ofC20H24Oz. 

Determine the amount of norgestimate (C23H31 NO3) and 

ethinyl estradiol (C20H24O2) dissolved by employing the 

following method. 

Mobile phase- Prepare a degassed mixture of water and 

isopropyl alcohol ( I 3 :7) . Make adjustments if necessary 

(see System Suitability under Chromatography ( 62 I )). 

Standard solution-Dissolve an accurately weighed 

quantity of USP Norgestimate RS and USP Ethinyl Estra

diol RS in Dissolution Medium, and dilute quantitatively, 

and stepwise if necessary, with Dissolution Medium to ob

tain a solution having known concentrations similar to those 

expected in the Test solution. [NOTE-A volume of metha

nol not exceeding 4% of the total volume of the Standard 

solution may be used to bring the standards into solution 

prior to dilution with Dissolution Medium.] 

Test solution-Use a filtered or centrifuged portion of the 

solution under test. 

Chromatographic system (see Chromatography ( 621) )

The liquid chromatograph is equipped with a 254-nm detec

tor (for norgestimate analysis), a spectrofluorometric detec

tor (for ethinyl estradiol analysis) with an excitation 

wavelength of 234 nm and an emission wavelength of 304 

nm, and a 4.6-rnm x 25-cm column that contains packing 

LI 0. The flow rate is about 1.2 mL per minute. The column 
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temperature is maintained at 40°. Chromatograph the Stan

dard solution, and record the peak responses as directed for 

Procedure: the retention times are about 7.5 minutes for 

ethinyl estradiol and 9.5 minutes for norgestimate; and the 

relative standard deviation for replicate injections is not 

more than 3.0% for the ethinyl estradiol and norgestimate 

peaks. 

Procedure-Separately inject equal volumes (about 200 

µL) of the Standard solution and the Test solution into the 

chromatograph, record the chromatograms, and measure the 

responses for the major peaks. Calculate the quantity, in mg, 

of each drug dissolved by the fonnula: 

600C(rul rs), 

in which C is the concentration, in mg per mL, of the appro

priate analyte in the Standard solution; and ru and rs are the 

peak responses obtained from the Test solution and the Stan

dard solution, respectively. 

Tolerances-Not less than 80% (Q) of the labeled 

amounts of C23H3 1NO3 and C20H24O2 are dissolved in 20 

minutes for Tablets labeled as containing 180 µg of 

C23H31NO3 and 35 µg of C20H24O2, and for Tablets labeled 

as containing 215 µg of C23H31 NO3 and 35 µg of C20H24O2. 

Not less than 80% (Q) of the labeled amounts ofC23H31NO3 

and C20H24O2 are dissolved in 30 minutes for Tablets la

beled as containing 250 µg of C23H31NO3 and 35 µg of 

C20H24O2. 

Uniformity of dosage units (905): meet the requirements. 

Chromatographic purity-

Mobile phase-Proceed as directed in the Assay. 

Standard solution-Use the Standard preparation, pre

pared as directed in the Assay. 

Test solution-Use the Assay preparation, prepared as di

rected in the Assay. 

Chromatographic system (see Chromatography ( 621) }

The liquid chromatograph is equipped with a detector cap

able of detecting at 230 nm and 254 run, simultaneously, and 

a 4.6-mm x 10-cm column that contains 5-µm packing L1 . 

The flow rate is about 2 mL per minute. Chromatograph the 

Standard solution, and record the peak areas as directed for 

Procedure: the relative retention times are about G-:4 0.5 for 

ethinyl estradiol, 1.0 for (Z)-norgestimate, and 1.2 for (E)

norgestimate; the resolution, R, between (Z)-norgestimate 

and (E)-norgestimate is not less than 1.5; and the relative 

standard deviation for replicate injections detefffltned ffoffi 

the afea fatio of the ethinyl estradiol f)eak to tae Sttffi of and 

norgestimate peaks is not more than 3.0%. 

Procedure-Inject a volume (about~ 50 µL) of the Test 

solution into the chromatograph, record the chromatograms, 

and measure the areas for the major peaks. Calculate the per

centage of the impurity having a relative retention time of 

about 0.6, relative to the (Z)-norgestimate peak, and de

tected at 230 nm in the portion of Tablets taken by the for

mula: 

100 H 1.31 H (rJ-f'.r, 

I 00( 1.31 )(r; I r,), 

in which 1.31 is the relative response factor of this impurity; 

r, is the peak response for the impurity; and r, is the sum of 

the peak responses of (E)-norgestimate and (Z)-norgesti

mate: not more than &G¼ 7.5% is found. Calculate the per

centage of any impurity having a relative retention time of 

about 0.2 or 0.4, relative to the (Z)-norgestimate peak, and 

detected at 254 nm in the portion of Tablets taken by the 

formula: 

100 >< 1.5 4 >< (G/GJti,/f'¾, 

100(l.54)(C2 / CE)(r,I r2), 
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in which 1.54 is the relative response factor of the impurity times are aasut 0.4 for eiliin:,•I estffldisl, 1.0 for (.Z) nsrges 

peaks; C2 and CE are the quantities, in mg, of (Z)-norgesti- timate, and 1.2 for (E) nsrgestimate; the resslutisn, R, be 

mate and ethinyl estradiol, respectively, as determined in the tweeH (.l) Hsrgestimate and (E) _ nsrgestimate is HSt less 

Assay; r, is the peak response for each impurity; and r2 is the thaH 1.5; aHd the relatiYe standard de,·iatisn for retilisate in 

peak response for (Z)-norgestimate: the sum of the impuri- jeetisns is HSt mere than 3 .0%. 

ties having relative retention times of about 0.2 and 0.4 is Pr-eeedbt1·e Setiamtel:,• iajeet equal ,·slumes (absut 50 

not more than 4.0%. J:iL) sf tl1e E-1et11dardpn:pc11¥ltia11 and the Assay p1-cpc1rc1tifm 

Assay- ints the ehrnmatsgmtih, reesrd the ehrnmatsgrnms, and 

Mt1hifophc1se Pretiare a Filtered and degassed miltture of measure the restisHses for the majsr tieaks. Caleulate the 

water, tetrah:,·drsfurnn, and aeetsnitrile (60: 15 :25). Make quantit)r, iH mg, sf nsrgestimate (C...,.H.,.NO,.) iH ilie tisrtioH 

acljustmeHts if Heeessary (see &y,·ste,·n E,i,.,itahility uHder sf Tablets taken b:,· the formula: 

Chro,•1wtag,•·aph),· (62-l-)r-

&ta,ida, el prepc1ratiar1 Disss!Ye aeeuratel:,· y,•eighed 

quaAtities sf USP Nsrgesti1'flate RS aHd USP Ethin:,·l Estm 

dis! RS iA methaHsl, and dilute quantitatiYely, and steti"Yise 

if Heeessary, with methane! to sbtain a sslutisn haYiHg 

kHSWH esHeentrntisHs sf absut 125 J:ig sf nsrgestimate 

aHd 17 .5 J:ig of ethin:,·I estradisl tier mb. Miit 2.0 mb sf this 

sslutisn with l.O mb sf water and 2.0 mb sf methaHsl. 

Assa:; prcpal'cltia,i \Veigh aHd FiHel:,• tiswder HSt fewer 

thaH 20 Tablets . TrnAsfer an aeeumtely weighed quaHtit:,• 

sf the tis•,;·der, equiYaleHt to absut 0.175 mg sf ethiA:,11 es 

trndiol, ts a 50 mb glass eeHtrifuge tube, and add ta,vs glass 

beads. Add 5.0 mb sf water, and shake Yigsrnusl:,·. Add 

20.0 mb sfmethaHsl, insert the ststitier, and mill SH a vsrtmt 

milter. Ssnieate ts dissol\.·e, milt, aHd tiass thrsugh a Filter 

haYiHg a 0.45 J:ilfl tisrnsit)•. 

G¼ramatagraphie S)'Stem (see Chrametagraplry· (62-l-)t

The liquid eF1Fo1Hatsgratih is equititied with a 230 Hm detee 

tsr and a 4 .6 mm H l 0 em eslumH that esntains a 5 J:iffi 

tiaekiHg LI . The ffow rnte is absut 2 mb tier miHute. Chrs 

matsgratih the E-tc111eJa1,eJ p1-cpc1rc1tia11, aHd reesrd the tieak 

restisHses as direeted for P-1'8eedw·e: the relative reteHtisA 

±SWJP..fi/-R~/fi.,(Mt~ 

in whieh C is the esHeeHtratisH, iH mg tier mb, sf USP }for 

gestimate RS in the &tc1,1da1 dp, epe, c1tia11; P,; is t:fle ifaetisH 

of (E) nsrgestimate iH USP 1'tsrgestimate RS; R,fi aHd R;,F: 

are the tieak restisHses sf (E) Hsrgestin1ate sbtained from 

the Assa:;· p, epa, atia,1 aHd the E-ta11da1·d p1•epm·c1tia11, re 

stieeti,·el:,·; A~ is the fFaetisn sf (.l) nsrgestiFHate in USP 

}lsrgestimate RS; aHd R.;Z and RsZ are the tieak restisnses 

sf (.l) Hsrgestimate sbtaiHed frsm the Assay p1-cpc1rc1tia,1 

and the E-tc111dard prepc11·c1tim1, restieeti,·ely. Caleulate the 

quaHtit:,·, iH mg, sfethin:,•l estradisl (C...,H~9:o) in the tisrtisn 

sf Toelets talteH b:,· the formula: 

in whieh C is the esneentratisH, in mg tier mb, sf USP Ethi 

H:,·l estradisl RS iH the &tflndardp1·cpc1rc1tia11; and R~s 

are the tieak restisflses sf ethiH:,·l estradiol sbtaiHed ifsm the 

Assfly prepc11wtia11 a11d the E-tw1da1·d rrepflrfltia11, restiee 

Mobile phase-Prepare a degassed mixture of water, tet

rahydrofuran, and methanol (13:5:2). Make adjustments if 

necessary (see System Suitability under Chromatography 

(621 )). 
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Internal standard solution- Dissolve an accurately 

weighed quantity of dibuty l phthalate in methanol to obtain 

a solution having a concentration of about 0.05 mg per mL. 

Standard preparation- Dissolve an accurately weighed 

quantity of USP Norgestimate RS and USP Ethinyl Estra

diol RS in Internal standard solution , and di lute quantita

tively, and stepwise if necessary, with Internal standard 

solution to obtain a so lution having a known concentration 

of about 7 µg per mL of ethinyl estradiol and a known con

centration similar to that expected in the Assay preparation. 

Mix, and pass through a fi lter having a 0.2-µm porosity. 

Assay preparation- Weigh and finely powder not fewer 

than 20 Tablets. Transfer an accurately weighed portion of 

the powder, equivalent to about 0.175 mg of ethinyl estra

diol , to a 50-mL glass centrifuge tube , and add two glass 

beads . Add 25 .0 mL of Internal standard solution , insert 

the stopper, and mix on a vortex mixer for at least 15 min

utes . Sonicate for at least 5 minutes to ensure complete dis

solution of the drug substances , mix, and pass through a 

filter having a 0.2-µm porosity. 

Chromatographic system (see Chromatography ( 621 ) }

The liquid chromatograph is equipped with a 230-nm detec

tor and a 4.6-mm x 5-cm column that contains 5-µm pack

ing LI . The flow rate is about 2 . 1 mL per minute . 

Chromatograph the Standard preparation, and record the 

peak responses as directed for Procedure: the relative reten

tion times are about 0.5 for ethinyl estradiol , 1.0 for (Z)-nor

gestimate , 1.2 for (£) -norgestimate and 1.5 for dibutyl 

phthalate; the resolution , R, between (Z)-norgestimate and 

(£)-norgestimate is not less than 1.5 ; and the relative stan-

dard deviation of the peak response ratio of ethinyl estradiol, 

(Z)-norgestimate and (£)-norgestimate to dibutyl phthalate 

from replicate injections is not more than 3.0%. 

Procedure-Separately inject equal volumes (about 25 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the responses for the major peaks. Calculate the 

quantity, in mg, of ethinyl estradiol (C20H24O2) in the por

tion of Tablets taken by the formula: 

25C(Ru I Rs), 

in which C is the concentration, in mg per mL, of USP Ethi

nyl Estradiol RS in the Standard preparation; and Ru and Rs 

are the ratios of the peak response of ethinyl estradiol to di

butyl phthalate obtained from the Assay preparation and the 

Standard preparation , respectively. Calculate the quantity, 

in mg, of norgestimate (C23H31NO3) in the portion of Tab

lets taken by the formula : 

25C[PiRvA I RsA)+PsCRus I Rss)] , 

in which C is the concentration, in mg per mL, of USP Nor

gestimate RS in the Standard preparation; PA and Ps are the 

corresponding (£) and (Z) fractions of USP Norgestimate 

RS; RvA and RsA are the ratios of the peak responses of 

(£)-norgestimate to dibutyl phthalate obtained from the As

say preparation and the Standard preparation, respectively; 

and Rus and Rss are the ratios of the peak responses of (Z)

norgestimate to dibutyl phthalate obtained from the Assay 

p rep ara tion and the Standard preparation , respective

ly._.. usP27 
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BRIEFING 

Ondansetron Hydrochloride, USP 26 page 1351 . It is proposed to clarify the text in the procedure for Method I under Chromatographic purity and to include specific limits and relative response factors for the impurities in Method II under Chromatographic purity. Additional changes are proposed in the test for Limit of ondansetron related compound D and in the Assay to better reflect the approved method. Minor editorial style changes have also been made. 

(PA3: S. Salado) RTS- 37286-1 

Change to read: 
Limit of ondansetron related compound D-

Mobile phase-Prepare a filtered and degassed mixture of 0.02 M 1:1onobasic p_otassium phosphate (previously adjusted with I M sodium hydr_ox1de to a pH of 5.4) and acetonitrile (80 :20). Make adjustments if necessary (see System Suitability under Chromatography (621 )). 
Standard solution-Dissolve an accurately weighed quantity of ~SP Ondansetron Related Compound D RS in Mobile phase, and dilute quantitatively, and stepwise if necessary, with Mobile phase to obtam a solutwn havmg a known concentration of about 0.4 µg per mL. 
System suitability solution-Dissolve suitable quantities of USP Ondansetron Related Compound D RS and USP Ondansetron Related Compou_nd C RS in Mobile phase, and dilute quantitatively, and stepwise 1f necessary, with Mobile phase to obtain a solution having _a concentration of about 0.6 µg per mL and I µg per mL, respectively. 
Te~t solution-Trans(er about 50 mg of Ondansetron Hydrochloride, accurately weighed, to a 100-mL volumetric flask dissolve in and dilute with Mobile phase to volume, and mix. ' . C_hromatographic system (see Chromatography (621 ) )- The hqu1d chromatograph is equipped with a 328-nm detector and a 4.6-mm x 20-cm column that contains packing LI 0. The flow rate 1s ab~ut 1.5 mL per minute. Chromatograph the System suitability solution,_ and record the peak responses as directed for Procedure: the relative retention times are about 0.8 for ondansetron related compound C and 1.0 for ondansetron related compound D· and the resolution, R, between ondansetron related compound C and ondansetron related compound D is not less than 1.5. Chromatograph the Standard solution, and record the peak responses as directed for Pr~cedure: the column efficiency determined from the analyte peak _is ~ot less than 400 theoretical plates; and the relative standard deviation for replicate injections is not more than 2.0%. Procedure-Separately inject equal volumes (about 20 µL) of the Standard solut10n and the Test solution into the chromatograph record the chromatograms, and measure the responses for the ma~ Jor peaks._ Calculate _the percentage of ondansetron related compound D m the portion of Ondansetron Hydrochloride taken by the formula: 

I0(CIW)(rul rs) , 
~ which C is the concentration, in µg per mL, of USP Ondansetron . elated Compound DRS in the Standard solution· Wis the weight mtg, of Ondansetron Hydrochloride taken to 'prepare the Tes; 5;. ution; ~nd ru and rs are the peak responses obtained from the Q.~~lution and the Standard solution, respectively: not more than 

""0.1% 
is founc1".usn 7 

Change to read: 
Chromatographic purity

METHOD I-
Resolution solution-Dissolve an accurately weighed quantity o( USP On~an~etron Related Compound A RS in methanol, and dilute quantitatively, and stepwise if necessary, with methanol to obtain a solution having a known concentration of I 00 µg per mL. . Identification solution-Dissolve an accurately weighed quantity of USP Ondan~etron Related Compound B RS in methanol, and dil~te quant1tat1vely, and stepwise if necessary, with methanol to obtam a solution having a known concentration of 100 µg per mL. 
Standard solutions-Dissolve an accurately weighed quantity of USP Ondansetron Hydrochloride RS in methanol and mix to obtain a S?lution having a known concentration of about 0.25 mg per mL. DIiute this solution quantitatively with methanol to obtain Standard so!~tions, designated below by letter, having the followmg compos11Ions: 

Standard 
solution 

A 
B 
C 

Dilution 
(I in 5) 
(I in I 0) 
CI in 20) 

Concentration 
(µg RS 
per mL) 

50 
25 

12.5 

Percentage 
(%, for 

comparison 
with test 

specimen) 

0.4 
0.2 
0.1 

Test solution- Dissolve an accurately weighed quantity of Ondansctron Hydrochloride in methanol to obtain a solution containing 12.5 mg per mL. 
Procedure- Separately apply 20 µL of the Test solution, 20 µL of each Standard solution, and 10 µL of the Identification solution to a thin-)ayer chromatographic plate (see Chromatography (621)) coated with a 0.25-mm layer of chromatographic silica gel mixture. To t~e s~me plate apply 20 µL of the Test solution and on top of this apphcallon apply 10 µL of the Resolution solution and 1 O µL of the Identification soluti_on to make a system suitability spot. Develop the chromatogram m a solvent system consisting of a mixture of chlorofonn, eth:tl acetate, methanol, and ammonium hydroxide (90:50:40: I) until the solvent front has moved about three-fourths of the length of the plate. Remove the plate from the chamber, mark the solvent front, and allow the solvent to evaporate. Examine the plate under short-wavelength UV light, and compare the intensities of any secondary spots observed in the chromatogram of the Test solution with those of the principal spots in the chromatograms of the Standard solutions: complete resolution of the three components of the system suitability spot, any secondary spot from the chromatogram of th_e Test solution having an RF value correspondmg to that of the pnnc1pal spot of the Identification solution is not larger or more intense than the principal spot obtained from the Standard solution A (0.4%); and no other secondary spot from the chromatogram of the Test solution 

""having an RF value corresponding to that of the principal 
spot of the Resol!f tion solution ._usn7 1s larger or more mtense than the principal spot obtained from Standard solution B (0.2%). 1ma !lie Sttffi ef the intensities ef !he seeeRBOf)' s~ets ebtainea freffi the Test s8l1,1li811 eeffes~enes te net ffieFe than 1.9%. 

... 
J,,. USP27 
METHOD 11-
M_obile phase and Chromatographic system- Proceed as directed m the Assay. 
Standard solution-Proceed as directed for Standard preparation in the Assay. 
Test solution-Use the Assay preparation. 
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Procedure lRjeet a ·,·ehuae (aeeut IO t:tL) ef the mt 9Bh1liB,1 

-iflte tl!e eM01Htttegr1:1131!, reeerEI the eMefflategrttffl, f:l!l8 fflCf:l!lllfC the 

13eak res130ases. C1:1le1:1l1:1te tl!e 13ereeRt1:1ge ef eael! iffll31:tFit)' iR tl!e 

13ertieR ef OREll:lRSetreR Il)•Elreel!leriEle ta!EeR B) tl!e foffflula: 

~.-H',r, 
ia 11foel! r, is tl!e 13e1:1k res130Rse for eael! it'R('l1:trit)', !lREI, • is tl!e s1:11aa 
ef tl!e res130Rses ef all ef tl!e 13eaks: Ret !Here thaR 0.2% ef !lR)' 
iaEli·, iElt1al i1H131:1ri~· is fo1:1aEI, aREI tl!e telal ef all i1H131:1ri1ies fo1:1REI 
t9 A8l ffl8£C lH!lA 0.5%. 

•separately inject equal volumes (about 10 µL) of the Stan

dard solution and the Test solution into the chromatograph, 

record the chromatogram, and measure the peak responses. 

Calculate the percentage of each impurity in the portion of 

Ondansetron Hydrochloride taken by the formula: 

50,000(C/W)(l /F)(r, I rs), 

in which C is the concentration, in mg per mL, of USP On

dansetron Hydrochloride RS in the Standard solution; Wis 

the weight, in mg, of Ondansetron Hydrochloride taken to 

prepare the Test solution; Fis the relative response factor of 

the impurities as described in the accompanying table; r; is 

the peak area for each impurity in the Test solution; and rs is 

the peak area of ondansetron obtained from the Standard 

solution: meets the requirements given in the accompanying 

table . 

Compound name Relative retention time Relative response factor Limit(%) 

Ondansetron related compound C 
Ondansetron related compound 0-
lmidazole 
2-methylimidazole 

about 0.32 
about 0.34 
about 0.49 
about 0.54 

1.2 
1.3 
0.3 
0.4 

0.2 
0.1 
0.2 
0.2 

Ondansetron 
Ondansetron related compound A 
Unknown 

1.0 
about 1.10 0.8 

1.0 
0.2 
0.1 
0.5 Total 

• Quantified in the test for Limit of ondansetron related compound D. • USP27 

Change to read: 
Assay-

Mobile phase-Prepare a filtered and degassed mixture of 0.02 
M monobasic 13etassi1:tffl 

• sodium">usPn 
phosphate \.Previously adjusted with I M sodium hydroxide to a 
pH of 5.4) and acetonitrile (50:50). Make adjustments if necessary 
(see System Suitability under Chromatography ( 621) ). 

S1andard preparation-Dissolve an accurately weighed quantity 
of US P Ondansetron Hydrochloride RS in Mobile phase, and di
lute quantitatively, and stepwise if necessary, with Mobile phase to 
obtain a solution having a known concentration of about 90 µg per 
mL. 

System suitability solution-Dissolve suitable quantities of USP 
Ondansetron Hydrochloride RS and USP Ondansetron Related 
Compound A RS in Mobile phase, and dilute quantitatively, and 
stepwise if necessary, with Mobile phase to obtain a solution con
taining about 90 µg per mL and ~ 

• 20 µg • USP27 
per mL, respectively. 

Assay preparation-Transfer about 45 mg of Ondansetron 
Hydrochloride, accurately weighed, to a 50-mL volumetric flask, 
dissolve in and dilute with Mobile phase to volume, and mix. Pipet 
5.0 mL of this solution into a 50-mL volumetric flask, dilute with 
Mobile phase to volume, and mix. 

Chromatographic system (see Chromatography (621))-The 
liquid chromatograph is equipped with a 216-nm detector and a 
4.6-mm x 20-cm column that contains packing LI 0. The flow rate 
is about 1.5 mL per minute. Chromatograph the System suitability 
solution, and record the peak responses as directed for Procedure: 
the relative retention times are about 1.0 for ondansetron and 1.1 
for ondansetron related compound A; and the resolution, R, be
tween ondansetron related compound A and ondansetron is not less 
than 1.5. Chromatograph the Standard preparation, and record the 
peak responses as directed for Procedure: the tailing factor is not 
more than 2.0; and the relative standard deviation for replicate in
jections is not more than 1.5%. 

Procedure-Separately inject equal volumes (about 10 µL) of 
the Standard preparation and the Assay preparation into the chro
matograph, record the chromatograms, and measure the responses 
for the major peaks . Calculate the quantity, in mg, of 
C 18H 19N30 · HCI in the portion of Ondansetron Hydrochloride ta
ken by the formula: 

500C(rul rs), 

in which C is the concentration, in mg per mL, of USP Ondanse
tron Hydrochloride RS in the Standard preparation; and ru and rs 
are the peak responses obtained from the Assay preparation and 
the Standard preparation , respectively. 
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BRIEFING 

Orph~na~rine Citrate, USP 26 page 1354; Orphenadrine Ci
trate lnJection, . USP 26 page 1355. It is proposed to change the 
Chromatograpluc purity (renamed Related compounds) and Assay 
tests for validated new methods that use the same chromatographic 
system and separate at least four known impurities. The validation 
work was perfonned using a Phenomenex Luna C 18 brand of L J 
column. The retention time of orphenadrine citrate is about 11 min
utes. 

(PA3: S. Salado) RTS- 38237-2 

Change to read: 
CliFant11MgF11131iie 131uit,1 

•Related compounds-. vsP27 
&1a:1tht:vi fJl'ef9_fll atitm ttf!RSfeF SQ fflg, aeeurately weigked, of 

USP OFJlkeRadflRe C1trale RS ts a IQ fRL vslt1ffletrie ll,aslt add 
abs1:1t 7 FRL sf ffletkaRsl, aRd s ..-irl ts disssl, e. Dil1:1te "itk FR~tka 
RSI ts ,·sl1:1ffle, and FRi1t. 
. 'Fe;;t fh epa, atie,1 Pre13are as direet:ed t1Rder £.1a,1tht1 fl fJ• epa, a 

l1e11, 1:1s1Rg OfJlRORadriRe Citrate iRs!ead sfll½e RefereRee StaRdard. 
_A eeetiu, e Di,·i~e ~ tkiR la; er ekrsfflatsgraj'lkie f!late, esated 

'"';1tk
1 

elH-sFRatsgraf!Rte s1liea gel ffli1t!l:lre, ints tws eei1:1al f!ClrtS . Af' 
13 )' _Q t:tL sf~a11tht, dp:epa, atie11 iR S t:tL 13srtisRs ts sRe f!EIFl sf 
Ike f!late, dry mg_ after eael½ !lf!f!heatisR, !!Rd sifflilarly a13f!l;· 2Q t:tL 
sf Te5t fJ·"epara1.·e:1 ts tke seesRd 13art sf !l½e 13late. ,',llsw tke s13sts 
ts El1y . and Ele,elsf! tl½e ekrsmatsgraFR in ltR t:tnsatttrated eka1flber iH 
a _ssl, OHi s; s~effl eeRsisti11g of a 1fli1ttme sf tfletkaRsl aRd ntflfflS 
Rtl:ltfl l½;·dremde (I QQ: I) 1:1Rtil the selYeRt ffsRt l½as R½s,·ed al least 
IQ 0tfl fretfl tke erigiH. Reffie•,·e tke 13late ffeffl tke elmtflber aHd 
alle II the ssheRI te e,·a13srate. Irradiate the 13late 1:1Rder sl½ert 
wa,•eleRgtk UV ligkt, aRd witke_1:1t dela;• lseate tke Sf!Sls b; , is1:1al 
ffis13ee1te~: Ike Ji'1 Yal1:1e efEke f!RROtf!!!I s13et ebtaiRed ffent tke Te,;t 
fJ•. ep~, at1e11 esrres13sRds t:s tkat sbtaiRed frsffl tke &a.1tht, dp, ep 
a. at1e,1, !!Rd RB _s~ets are ebse~·ed stker tkaR tke j'lriRei13al s13et aRd 
a Sf!SI at tile eng1R ref!resentiRg residt:tal eitrate. 

•o.05 M Ammonium phosphate buffer, Mobile phase, 

System sensitivity solution, Chromatographic system-Pre

pare as directed in the Assay. 

Standard solution-Use the Standard preparation, pre

pared as directed in the Assay. 

Test solution-Use the Assay preparation, prepared as di

rected in the Assay. 

Procedure-Separately inject equal volumes (about 20 

µL) of the Test solution and the Standard solution into the 

chromatograph, record the chromatogram for at least 2.5 

times the retention time of orphenadrine citrate, and mea-

sure all of the peak areas. Calculate the percentage of each 

impurity in the portion ofOrphenadrine Citrate taken by the 

formula: 

5000F( C/W)(r, /r5), 

in which C is the concentration, in mg per mL, of USP Or

phenadrine Citrate RS in the Standard solution; Wis the 

weight, in mg, of Orphenadrine Citrate taken to prepare 

the Test solution; F is the relative response factor and is 

equal to 0.75 for any peak at a relative retention time of 

about 0.25, 0.41 for any peak at a relative retention time 

of about 0.5 l, 0.52 for any peak at a relative retention time 

of about 1.54, and 1.0 for any other peak; r, is the peak area 

for each impurity in the Test solution; and r, is the peak area 

of orphenadrine citrate in the Standard solution: not more 

than 0.5% of total impurities is found .• usPn 

Change to read: 
Assay DissslYe abe1:1t I. g of qff!RORadriRe Citrate, aee1:1ratel;· 
11 e1gl½ed, tR _SQ tflL efglae1al aeette ae1d, add I dro13 of er;·stal , ·ie 
let TS , aRd !ttrate w1lk ~. I ~I 13ereklsrie aeid VS to a bl1:1e ORSf!SiHt. 

~:~:nfl ~ bt~El d::eRflt~~hsH, f!R~d ntal,e f!R)' Reeessal)' esrreetisR. 
fR o. 13ere 1 one ae1 1s eei1:1i,·aleRI to 4 6.1 S 1flg of 

C..;~·-GJ-1.i(¼.-

•o. 05 M Ammonium phosphate buffer- Dissolve 5.8 g of 

monobasic ammonium phosphate in 1000 mL of water, and 

adjust with ammonium hydroxide or phosphoric acid to a 

pH of 7.9 ± 0.05. 

Mobile phase- Prepare a filtered and degassed mixture of 

methanol, 0.05 M Ammonium phosphate buffer, and aceto

nitrile (9:8:3) . Make adjustments if necessary (see System 

Suitability under Chromatography (621 )). 

Standard preparation-Dissolve an accurately weighed 

quantity of USP Orphenadrine Citrate RS in Mobile phase, 

and dilute quantitatively, and stepwise if necessary, with 

Mobile phase to obtain a solution having a known concen

tration of about 0.9 mg per mL. 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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System sensitivity solution- Dilute a volume of Standard 

preparation quantitatively, and stepwise if necessary, with 

Mobile phase to obtain a solution having a known concen

tration of about 0.00045 mg per mL 

Assay preparation-Transfer about 45 mg of Orphena

drine Citrate, accurately weighed, to a 50-mL volumetric 

flask, dissolve in and dilute with Mobile phase to volume, 

and mix. 

Chromatographic system (see Chromatography ( 621 ) )

The liquid chromatograph is equipped with a 220-nm detec

tor and a 4.6-mm x 15-cm column that contains 5-µm 

packing L 1. The flow rate is about 1.5 mL per minute. 

The column temperature is maintained at 40°. Chromato

graph the Standard preparation, and record the peak areas 

as directed for Procedure: the column efficiency is not less 

than 4500 theoretical plates; the tailing factor is not more 

than 2.0; and the relative standard deviation for replicate in

jections is not more than 2.0%. Chromatograph the System 

sensitivity solution, and record the peak areas as directed for 

Procedure: the signal-to-noise ratio is not less than 10. 

Procedure-Separately inject equal volumes (about 20 

~tL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the area for the Orphenadrine Citrate peaks. Calcu

late the quantity, in mg, of C 1sH23NO · C6HsO7 in the por

tion of Orphenadrine Citrate taken by the formula: 

50C(rr) rs), 

in which C is the concentration, in mg per mL, of USP Or

phenadrine Citrate RS in the Standard preparation; and ru 

and rs are the peak responses obtained from the Assay prep

aration and the Standard preparation, respectively. .-. usn7 

BRIEFING 

Orphenadrine Citrate Injection, USP 26 page 1355. It is pro
posed to add a test for Related compounds to this formulation, and 
to replace the UV-VIS method used in the Assay with a specific 
HPLC method. The UV test for Identification is replaced with 
the chromatogram obtained in the Assay to reduce the risk of pos
sible interference of excipients. See also the briefing under Orphe
nadrine Citrate. 

(PA3: S. Salado) RTS- 38237-1 

Change to read: 
Identification-

A: Dilute a ,•eiuffie sf lnjeetiea, eEJuiYaleat ts aeeut 30 mg sf 
BffJAeaaElriae eitrate, 11 it!½ dater ts I 00 fH±:;; tee UV aeser!'ltiea 
SfleetrurH sf tee selutiea se eete.iaeEI, raea,sureEI eew.•eea 240 Etfta 
300 Hffi, eitl½ieits ffimtiffifl !IRS FHiHiffifl at tee Sflffie wa~·eleagtes as 
tftat efU8P Off)AeaaElriae Citrate R8 selutiea (I ia 3300), eeaeeffi 
itaad)' ffieasureEI. 

•The retention time of the major peak in the chromatogram 

of the Assay preparation corresponds to that in the chroma

togram of the Standard preparation, as obtained in the As-

say._..usn1 

B: A few drops of Injection respond to the test for Citrate 
(191 ). 

Add the following: 

•Related compounds-

0.05 M Ammonium phosphate buffer, Mobile phase, 

System sensitivity solution, Chromatographic system-Pre

pare as directed in the Assay. 

Standard solution-Use the Standard preparation, pre

pared as directed in the Assay. 

Test solution- Use the Assay preparation, prepared as di

rected in the Assay. 

Procedure-Separately inject equal volumes (about 20 

µL) of the Test solution and the Standard solution into the 

chromatograph, record the chromatogram for at least 2 .5 

times the retention time of orphenadrine citrate, and mea

sure all of the peak areas. Calculate the percentage of each 

impurity in the portion of Injection taken by the formula: 

( 1 0000F)( C/ V)(l lD)(r; Ir,), 

© 2003 The United States Pharmacopeial Convention. Inc. All Rights Reserved. 
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in which C is the concentration, in mg per mL, of USP Or

phenadrine Citrate RS in the Standard solution; Vis the voi

ume, in mL, of the Injection taken to prepare the Test 

solution; D is the labeled dose of the Injection; Fis the re

lative response factor and is equal to 0.75 for any peak at a 

relative retention time of about 0.25, 0.41 for any peak at a 

relative retention time of about 0.51 , 0.52 for any peak at a 

relative retention time of about 1.54, and 1.0 for any other 

peak; r, is the peak area for each impurity in the Test solu

tion; and r, is the peak area of orphenadrine citrate in the 

Standard solution : not more than 4.0% of total impurities 

is found. [NOTE-The relative retention time for orphena

drine citrate in the Test solution is equal to 1.0.].usm 

Change to read: 
Assay-

H i11ib <JPhe11ol , es-ge,II Dissol, e 200 mg of aaiRitropheRol iR 

1000 fflL oholt1eRe. [}-IGTE Use tolt1eRe !flflt hfls 6eeR EIReEI o;•er 

flRh)•Elre1:1s s0Eli1:1m s1:1lfete fer 1 e ho1:1rs flREI Filtered, if ReeesSfll)', 

t1Rtil eleflr.] 
Sla11dti,'fip, epa, al/011 TfaRsfer fl6Bt1t 30 mg of USP OrpheRfl 

eriRe Citrflte RS , aeet1rfltel)' weigkeEI, to a 50 FRL Yol1:1metrie flflslc, 

Elissohe iR 0.1 }I h)•clfoehloRe aeiEI, Elil1:1te with 0.1 }I h)•ElroehloRe 

fleiEI to , ol1:1ffle, flREI fflin . 
A"clj p, epC!, atio,1 TfflRsfer flR f1ee1:1rfltel) meflst1rl!EI telt1ffle ef 

IR:ieetioR, eq1:1i,•flieRt to fl601:1t eO mg of orpheRflSRRe oitrate, to fl 

I 00 mL ,·ol1:1metrie flflslc, Elil1:1te ..'ith 0.1 }I h)·Elroehlorie fleiEI to 

,·olt1ffle, OREi milt. 
,'ltoeetht,e ffflRsfer 1.0 mL efleh of!fle Sla11dti,'fip,eptuali011, 

the A'"clj' pI 'i:fJcli al/011, GHEI 0.1 }l h)•ElroehloRe aeiEI to pro;•iEle the 

6iflmc, to sepflfflte glass stoppered eeRtrifuge ttl6es. To eaeh ttl6e 

flEIEI I 0.0 FRL of tol1:1eRe flREI 1.0 FRL of I N s0Elit1ffl h)·ElroltiEle. IR 

sert Hie stopper, shfllce 6)' 1fleehflRiefll meflRS fer 15 miR1:1tes, flREI 

eeRtfifuge at 1500 Fpffl fer IO ffliR1:1tes . TfflRsfer 5.0 mL of efleh 

eleflr tol1:1eRe lfl)'er to !flree sepflrflte, smflll glflss stopperee flflslcs, 

efloh eoRtfliRiflg 5.0 fflL of 'Fl•i11il1'f3fJ1~e11ol 1'()s-ge,It, flFIEI milL CoR 

eomitaRtly Eleteffl!iRe the fl6SBF6f1Rees of the solt1ti0Rs iR I em eells 

flt the wfl ,·eleRgth of mflltim1:1ffl fl6SOF6GRee at fl601:1t 41 O RIB, ♦'♦'ith fl 

s1:1itflble speetrophotoffleter, 1:1siRg the 6iflRlc to set Hie iRSff'tlffleRt. 

Cfllet1late Hie EjtlflRtit)', iR mg, ofC~-~,H110+ iR efleh mL of 

the IR:ieetioR tfllceR 6)' Hie feffflttla: 

(0.lC/ J')(A.,,M~ 

iR whieh C is the eoReentrfltioR, iR t:tg per fflL, of USP OrpheRfl 

ElriRe Citrflte RS i-H Hie SltI11dti1·d p, 'i:fJcll at/011, Vis the ·,·0!1:1fl!e, iR 

lflL, of lRjeetioR talceR, OREi A~~ fire the flBSB£6GRees of Hie 

sol1:1ti0Rs Froffl the A:'Hi'clj p, '€f!Jm·a1io,1 flREI the Sta11dtini p, ept1, fl 

.'io11, respeetiYely. 

"'0. 05 M Ammonium phosphate buffer- Dissolve 5.8 g of 

monobasic ammonium phosphate in 1000 mL of water, and 

adjust with ammonium hydroxide or phosphoric acid to a 

pH of7.9 ± 0.05. 

Mobile phase-Prepare a filtered and degassed mixture of 

methanol, 0. 05 M Ammonium phosphate buffer, and aceto

nitrile (9:8 :3). Make adjustments if necessary (see System 

Suitability under Chromatography ( 621 ) ). 

Standard preparation-Dissolve an accurately weighed 

quantity of USP Orphenadrine Citrate RS in Mobile phase, 

and dilute quantitatively, and stepwise if necessary, with 

Mobile phase to obtain a solution having a known concen

tration of about 0.9 mg per mL. 

System sensitivity solution-Dilute a volume of Standard 

preparation quantitatively, and stepwise if necessary, with 

Mobile phase to obtain a solution having a known concen

tration of about 0.00045 mg per mL. 

Assay preparation-Transfer an accurately measured vol

ume of Injection, equivalent to about 90 mg of orphenadrine 

citrate, to a 100-mL volumetric flask, dilute with Mobile 

phase to volume, and mix. 

Chromatographic system (see Chromatography ( 621 ) }

The liquid chromatograph is equipped with a 220-nm detec

tor and a 4.6-mm x 15-cm column that contains 5-µm 

packing LL The flow rate is about 1.5 mL per minute. 

The column temperature is maintained at 40°. Chromato

graph the Standard preparation, and record the peak areas 

as directed for Procedure: the column efficiency is not less 

than 4500 theoretical plates; the tailing factor is not more 

than 2.0; and the relative standard deviation for replicate in

jections is not more than 2.0%. Chromatograph the System 

sensitivity solution, and record the peak areas as directed for 

Procedure: the signal-to-noise ration is not less than 10. 

Procedure-Separately inject equal volumes (about 20 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the area for the orphenadrine citrate peaks. Calcu-

© 2003 The United States Pharmacopeial Convention, Inc. All Righrs Reserved. 
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late the quantity, in mg, of orphenadrine citrate 

(C1sH23NO · C6HsO1) in each mL of the Injection taken 

by the formula: 

(l00C/V)(rulrs), 

in which C is the concentration, in mg per mL, of USP Or

phenadrine Citrate RS in the Standard preparation; Vis the 

volume, in mL, oflnjection taken; and ru and rs are the peak 

responses obtained from the Assay preparation and the 

Standard preparation, respectively .... usp27 

BRIEFING 

Oxaprozin, page 942 of PF 28(3) [May- June 2002]. This new 
monograph, which previously appeared in Pharmacopeia/ Pre
views, is now forwarded to In-Process Revision with recommended 
changes from comments received . The changes consist of propos
ing additional data in the test for Chromatographic purity, includ
ing system suitability requirements and editorial clarification of 
existing text. 

(PA2: J. Kelly) RTS- 39081-1 

Add the following: 

•oxaprozin 

~o'j'(cH2CH2cooH 

~N 

C1sH1sNO3 293.32 

» Oxaprozin contains not less than 98.5 percent 

and not more than 101. 5 percent of oxaprozin 

(C1sH1sNO3), calculated on the dried basis. 

NOTE-Because of light sensitivity, protect all oxaprozin 

samples and Standard solutions from light. 

Packaging and storage--Preserve in tight, light-resistant 

containers. 

USP Reference standards ( 11 )-USP Oxaprozin RS. 

Identification-

A: Infrared Absorption ( 197K): previously dried at 

105° for 2 hours. 

B: Ultraviolet Absorption ( l 97U)-The abseff!tieR ef 

tae samp!eabsorptivity at 285 nm is between 0.455 and 

0.495. 

Solution: 10 µg per mL. 

Medium: methanol. 

Loss on drying (731 )-Dry it at 105° for 2 hours: it loses 

not more than 0.3% of its weight. 

Residue on ignition (281 ): not more than 0.3%. 

Arsenic, Method II (211 ): 1 µg per g. 

Heavy metals, Method II (231 ): 0.001 %. 

Chromatographic purity-

Solution A: 0.1 % phosphoric acid adjusted with phospho

ric acid to a pH of 2.00 ± 0.1. 

Solution B: acetonitrile. 

Mobile phase-Use variable mixtures of Solution A and 

Solution B as directed for Chromatographic system. Make 

adjustments if necessary (see System Suitability under 

2-Oxazolepropanoic acid, 4,5-diphenyl-. Chromatography ( 621 ) ). 

4,5-Diphenyl-2-oxazolepropionic acid [21256-18-8]. 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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Diluent A: a mixture of acetonitrile, methylene chloride, 

and water (48: I : 1). 

Diluent B: a mixture of acetonitrile and water (1: l ). 

Standard stock solution-Dissolve an accurately weighed 

quantity of USP Oxaprozin RS in acetonitrile to obtain a 

solution having a concentration of about 200 µg per mL. 

Standard solution-Transfer 5.0 mL of Standard stock 

solution to a 200-mL volumetric flask, and dilute with Dil

uent A to volume. 

Benzi! solution: 200 µg of benzil per mL in acetonitrile. 

Resolution solution-Transfer 5. 0 mL of Benzi! solution 

and 5 .0 mL of Standard stock solution to a l 00-mL volu

metric flask, and dilute with Diluent A to volume to obtain 

a solution having known concentrations of about 10 µg of 

each per mL. 

Test solution A- [NOTE-Test solution A is used to moni

tor all known and unknown impurities, except imidazolic 

acid and oximide.] Transfer about 100 mg of Oxaprozin, ac

curately weighed, to a l 00-mL volumetric flask, add 2 mL 

of methylene chloride, 2 mL of water, and 75 mL of aceto

nitrile, and sonicate after each solvent is added. Dilute with 

acetonitrile to volume. 

Test solution B-[NOTE- Test solution B is used to moni

tor only imidazolic acid and oximide.] Transfer about 100 

mg of Oxaprozin, accurately weighed, to a 100-mL volu

metric flask, add 75 mL of Diluent B to dissolve the Oxa

prozin, and dilute with Diluent B to volume. 

Chromatographic system (see Chromatography ( 62 I)}

The liquid chromatograph is equipped with a 238-nrn detec

tor and a 4.6-mm x 15-cm column that contains 5-µm 

packing L7. The flow rate is 1.0 mL per minute. The chro

matograph is programmed as follows: 

Time Solution A Solution B 

(minutes) (%) (%) Elution 

0 70 30 equilibration 

0- 20 70 30 isocratic 

21 - 60 70->0 30-> I 00 linear gradient 

60- 61 0->70 100->30 linear gradient 

61 70 70 30 isocratic 

Chromatograph the Resolution solution, and record the peak 

responses as directed for Procedure: the relative retention 

times are about 1.1 for benzil and 1.0 for oxaprozin; and 

the resolution, R, between oxaprozin and benzil is not less 

than 3.0. Chromatograph the Standard solution, and record 

the peak responses as directed for Procedure: the tailing fac

tor is not more than 2.0; and the relative standard deviation 

for replicate injections is not more than 5.0 %. 

Procedure-Inject 20 µL of Test solution A and Test solu

tion B into the chromatograph, record the chromatogram, 

and measure the areas for all the peaks. Calculate the per

centage of each impurity in the portion of Oxaprozin taken 

by the formula: 

1 00(Fr) r,), 

in which Fis the relative response factor and is equal to 1.15 

for ftftY the imidazolic acid peak with a relative retention 

time of 0.14, 1.21 for any peak with a relative retention time 

of 0.42, 0.91 for ftftY the oximide peak with a relative reten

tion time of0.73, 0.85 for any peak with a relative retention 

time of0.84, 1.29 for any peak with a relative retention time 

of 1.08, 1.46 for any peak with a relative retention time of 

1.50, 2.09 for any peak with a relative retention time of 1.57, 

aHd 1.0 fer tile m,af)rez1;iH f)eak; r; is the peak response for 

each impurity; and r, is the sum of the responses of all the 

peaks: not more than 0.1 % of any impurity is found; not 

more than 0.1 % of any individual impurity is found; and 

not more than 0.5% of total impurities is found. [NOTE-
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The values of F for all known impurities except imidazolic 

acid and oximide were found using Test solution A, and the 

values of F for imidazolic acid and oximide were found 

using Test solution B.] 

Organic volatile impurities, Method V (467): meets the re

quirements. 

Solvent: dimethyl . sulfoxide. 

Assay-Dissolve about 400 mg of Oxaprozin, previously 

dried at 105° for 2 hours and accurately weighed, in about 

100 mL of alcohol in a narrow-mouth container, and titrate 

with 0.1 N sodium hydroxide VS, detem1ining the endpoint 

potentiometrically (see Titrimetry (541 ) ). Each mL of 0.1 N 

sodium hydroxide VS is equivalent to 29 .3 32 mg of oxapro-

zin . .._ usn7 

BRIEFING 

Oxaprozin Tablets, page 944 of PF 28(3) [May- June 2002]. It 
is proposed to add a Dissolution test to this new monograph, which 
previously appeared in Pharmacopeia/ Previews, and is now 
moved to In-Process Revision . 

(BPC: M. Marques) RTS- 36296-1 

Add the following: 

•oxaprozin Tablets 

» Oxaprozin Tablets contain not less than 95.0 

percent and not more than 105.0 percent of the la

beled amount of oxaprozin (C 1 sH 1 sN03), calcu

lated on the dried basis. 

NOTE-Because of light sensitivity, protect all oxaprozin 

samples and Standard solutions from light. 

Packaging and storage-Preserve in tight, light-resistant 

containers . 

USP Reference standards ( 11 )-USP Oxaprozin RS. 

Identification-

A: Thin-Layer Chromatographic Identification Test 

(20 1)-

Test solution: 2 mg per mL of oxaprozin in acetone. 

Developing solvent system: a mixture of ethyl acetate and 

glacial acetic acid (99: I). 

B: The retention time of the major peak in the chroma

togram of the Assay preparation corresponds to that of the 

Standard preparation, as obtained in the Assay. 

Dissolution (711 )-

Medium: 0.05 M monobasic potassium phosphate buffer, 

pH 7.4; 1000 mL 

Apparatus 2: 75 rpm. 

Time: 45 minutes . 

Procedure- Determine the amount of C 1sH 1sNO3 dis

solved by employing UV absorption at the wavelength of 

maximum absorbance at about 286 nm on filtered portions 

of the solution under test, suitably diluted with Dissolution 

Medium, if necessary, in comparison with a Standard solu

tion having a known concentration of USP Oxaprozin RS in 

the same Medium (an amount of methanol not exceeding 5% 

of the final volume can be added to help solubilize the Ref

erence Standard). 

Tolerances-Not less than 75% (Q) of the labeled amount 

of C 18H 15NO3 is dissolved in 45 minutes. 

Uniformity of dosage units (905) : meet the requirements . 

Water, Method Ia (921 ): not more than 3.5%. 

Assay-

Mobile phase- Prepare a filtered and degassed solution of 

0.1 % phosphoric acid, adjusted with a mixture of phospho

ric acid and acetonitrile (55:45) to a pH of 2.00 ± 0.10. 
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Standard preparation-Dissolve an accurately weighed 

quantity of USP Oxaprozin RS in acetonitrile to obtain a 

solution having a concentration of about 12 µg of oxaprozin 

per mL. 

Assay stock preparation-Weigh and finely powder not 

fewer than 20 Tablets. Transfer an accurately weighed por

tion of the powder, equivalent to about 60 mg of oxaprozin, 

to a I 00-mL volumetric flask, add about 10 mL of water, 

and sonicate for 10 minutes. Add about 40 mL of acetoni

trile, sonicate for 30 minutes, shake mechanically for an ad

ditional 30 minutes, add about 30 mL of acetonitrile, and 

sonicate for 10 minutes. Dilute with acetonitrile to volume. 

Assay preparation-Dilute quantitatively the Assay stock 

preparation with acetonitrile to obtain a solution having a 

concentration of about 12 µg of oxaprozin per mL. 

Chromatographic system (see Chromatography (621))

The liquid chromatograph is equipped with a 285-nm detec

tor and a 4 .6-mm x 15-cm column that contains 5-µm 

packing L 7. The flow rate is about 1.0 mL per minute. Chro

matograph the Standard preparation, and record the peak 

responses as directed for Procedure: the tailing factor is 

not more than 2.0; and the relative standard deviation for 

replicate injections is not more than 2.0%. 

Procedure-Separately inject equal volumes (about 20 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the responses for the major peaks. Calculate the 

quantity, in mg, of oxaprozin (C 1sH 15N03) in the portion 

of Tablets taken by the fonnula: 

in which C is the concentration in mg per mL of USP Ox

aprozin RS in the Standard preparation; and ru and rs are 

the peak responses obtained from the Assay preparation and 

the Standard preparation, respectively ... usp27 

BRIEFING 

Paroxetine Hydrochloride, page 1425 of PF 28(5) [Sept.-0ct. 
2002]. It is proposed to require the test for Limit of related com
pound C to indicate the new L designation for the column, to cor
rect the formula to calculate the impurity, and to change USP 
Paroxetine Hydrochloride RS to Paroxetine Hydrochloride be
cause USP Paroxetine Hydrochloride RS is not used to prepare 
the System suitability solution. 

(PA3: S. Salado) RTS- 39356-1 

Add the following: 

•Paroxetine Hydrochloride 

365.83 

Piperidine, 3-[( 1,3-benzodioxol-5-yloxy)methyl]-4-( 4-

fluorophenyl)-, hydrochloride, (3S-trans)-. 

(-)-(3S,4R)-4-(p-Fluorophenyl)-3-[ (3 ,4-methylenedioxy )-

phenoxy ]methyl]piperidine hydrochloride 

49-8]. 

Hemihydrate 374.83 [GAS fB cBmcl 

[78246-

» Paroxetine Hydrochloride is anhydrous or con

tains one-half molecule of water of hydration. It 

contains not less than 98.5 percent and not more 

than 102.0 percent of C 19H20FNO3 · HCl, calcu

lated on the anhydrous and solvent-free basis. 

Packaging and storage-Preserve the anhydrous fonn in 

tight containers. Preserve the hemihydrate form in well

closed containers. 
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Labeling-Label it to indicate whether it is the anhydrous 

or the hemihydrate form. 

USP Reference standards ( 11 )-USP Paroxetine Hydro

chloride RS. USP Paroxetine Related Compound A RS. 

USP Paroxetine Related Compound B RS. USP Paroxetine 

Related Compound C RS. USP PaNJxeti1w Related Gem 

pm1,1d D RS. USP Paroxetine Related Compound E RS 

USP Paroxetine Related Compound F RS. USP Paroxetine 

Related Compound G RS. 

Identification-

A: Infrared Absorption (197M)-

Test specimen- Dissolve a suitable portion of Paroxetine 

Hydrochloride in a solution of water in isopropyl alcohol (1 

in 10), heat to 70° to dissolve, recrystallize, aHd 1:1se the rnsi 

dtte:- and dry the residue under vacuum at 50° for 3 hours . 

Standard specimen: a similar preparation of USP Parox

etine Hydrochloride RS. 

B: A solution (1 in 100) in a mixture of methanol and 

water ( I: 1) meets the requirements of the test for Chloride 

(191 ). 

Melting range, Class I (741 ) :eetweea 115° aHd 126° fer 

the 1tHh;·drs1:1s feffft; [To come for the anhydrous form] be

tween 141 ° and 145° for the hemihydrate form. 

Water, Method I (921 ) :not more than -l-:-5-¼ 1.0% for the an

hydrous form and between ~ 2.2% and ~ 2.8% for 

the hemihydrate form. 

Residue on ignition (281 ): not more than 0.1 %. 

Heavy metals, Method II (231 ): 0.002%. 

Change to read: 
Lifflit ef steFeeiseffleFs Limit of related compound C-

M-8hife pha9e Preflare a :§.ltered aHd degassed lfliJtRJre sf 

0.5 M ssdi1:1lfl ehlsride aHd FHethaHsl (4: 1) . Make adjust 

ffleHts if Heeessar;· (see &)'9tem St1itahilitJ,· uHder 

Gvamata-g, c1.pl1j· (rn)t 

0.05 UPhafifJhate h~ef:fer 9ali1tia11 Disssh·e 8.7 g sf ei 

easie flStassi1:1ffl flhSSflhate iH 1000 fflL sf 1uater, aHe adjust 

with flhSSflhsrie aeid ts a pH sf 6.5. 

Mahikpha9e Preflare a :§.lteree !¼fie degB:Ssed ffliitture sf 

0. 05 M PhafifJhate hu:fftw 9a/tttia1t aHe aeetsHitrile (92:8) . 

Make adjustffieHts ifHeeesS!tf)' (see 8y'!1tem &titahility· uader 

Chramak3-g,··fifJh7· ( rn) ). 

&y9teHi 9ttitahility· 9a{'t1tia11 TraHsfer aesut 5 FHg efU8P 

ParsitetiHe H)'ersehlsriee Relatee CSfflflSUH0 C R8 !tfl0 

aes1:1t 5 fflg sf U8P ParsJtetiHe II)'drsehlsriee R8, ae 

euratel)' y,·eighee, ts a 10 FHL Ysluffletrie flask. DissslYe 

iR 1 FHL sf FHeiliB:Hsl, ciilute vrith M8hile pha9e ts ,·sluffle, 

!tfl0 fflilt . 

SttmdaPd 9alf11tia1i DisssJye aH aeeurntel)' weigked 

(lU!¼Htit;· sf U8P ParsitetiRe Relatee CSfflflSl:IHd C R8 B:Hd 

U8P ParsitetiHe II;·dreeklsride R8 iR tneiliaHsl, tke 1,·s!Uffle 

sf tke ssl,·eHt HSt ei,eeediHg 20% sf tke HHal ssl1:1tisH Ysl 

l:lffle, aHd dilute Etl:IEtHtitati,·el::,· witk 0.5 M ssdiuffl eklsride 

ts eetaiH a sslutieH ka·,·iHg a ltllsv,'fl esHeeatratisH sf aeeut 

0.01 FHg sf eaek U8P RefereHee 8taHdare fler FHL If stefl 

wise dilutisH is Heeessaf)', dil1:1te witk M8hik pha9e iHstead. 

'Jbt 9afotia1i TmHsfer aesut 100 FHg sf ParsirntiHe 

H;·drseklsride, aee1:1ratel;· 1;,·eigked, ts a 100 fflL 1,·sluFHetrie 

ftask, eisseh·e iH 20 FHL sfffleiliB:Hsl, eil-ute witk 0.5 M ss 

diuffl eklsride ts ,·sluFHe, aHd ffliic 

Ch1'0mata~ c1.phie 9y-9~em (see Ch1'()Htt1t8ttttpliy (rn)1-

Tke liEtuid ekrsffla!:egraflk is eEtuipfletl witk a 295 fiffi ee!:ee 

tsr aad a 4 fflffl H 10 effl es!ufflfl. iliB:t esH!:aiHs flEtekiHg L4 l. 

Tke ffsw ra!:e is aes1:1t 0.5 FHL fler FHiHute. CHFsfflatsgraflh 

tke StandaNi &)'9te11J 91:1itahUit)' flahttien, a1ui f'eem•d the 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 



102 IN-PROCESS REVISION 
Pharmacopeial Forum 

Vol. 29(1) [Jan.- Feb. 2003] 

peak TespoRses as difeeted fof P1caccd1x1 c:tke Tela-1:i.,·e feteR 

tioR tifl'les afe aeout 0.56 fof paroi,etiRe Telated eof!'lpouRd C 

0Rd 1.0 fof p0Toi,etiRe; the resolutioR, R, eetweeR pafOJ,etiRe 

related eo&,pouRd C B!'ld pafOJtetiRe is Rot less thBR 1 .&; the 

eolutttl'I effieiefte)' detefffliRed frofl'I the Telated eof!'lpouRd C 

peEM, is not less tkan 230 theoretieal plates; the tailiRg faetof 

for the pafoi,etine felated eof!'lpound C peEMc is not n1OTe thl½fl 

1.6; and the relati•,·e standard de1>·iation fof Teplieate iajee 

tioAs is not 1ttore than 2.0%. 

P~caccdw<c Sepaf0tel)' iajeet equal 1rolt1f!'les Iajeet a YOI 

t1fl'le (0eout 10 µL) of the Staariarti so,1~1tio11 and the Test 

softottio,1 into the eflfOf!'l0togrnph, reeofd the ehrof!'latogram, 

and ffieasufe all oftke pe0k respoRses. Calet1late the pereeA 

tage ofparoi,etiRe related eof!'lpound C if1 the portioR of PaT 

m,etine H)·droehloride taken 8)' the foff!'lul0: 

in which C is the eoneeAtratioA, iA µg f!Or 1ttL, of USP Par 

OJ,etine Related Compot1Ad C RS iA the Stcmda1vi soltotticm; 

Wis the quaAtit)·, in mg, of Paroi.etiAe II)1droehlofide iA the 

Test so!t,·tio11; and 1·♦1 ftfi&-1'& are the peak respoAses for par 

oi,etiAe related eoH1pouAd C oetaiAed frofl'I the Test sol1xtio11 

aAd the Sta11d-ar-ri s0lt1tio11, resi;,eetiYel;·. iR vl'hieh r,--i-s--tl1e 

pealc TespoAse for parenetiAe related soH1peuAd C, a11d ,··. 

is the suffl of the respo11ses of all of the peaks: 110t fflOre thaA 

0.1% is fou11d. 

LIMIT OF R:ELATBQ COMPO~IQ D 

Plwsphatc huffe1· Prepare a 0 .05 M H1011oeasie sodiuffl 

phosphate selutioA iA '>Yater, adjt1st with phosphoric 0eid 

tO a pH of 3 .0, aAd fl'liJt. 

lif8hitcphasc Prepare a filtered aAd degassed fflii,ture of 

P.h0sphatc h1•;ffc1 a11d aeeto11itrile (3:2). Make adjust1ttents if 

Heeessary (see Sj,'Stc,11 &'tiitahi!ity uAder Ch1'8mat0gra-phy· 

(~ )t: 

Standmvi so,1to1Ei011 Dissel;·e aeeura-1:ei)' weighed quaAti 

ties of USP ParOJ,eti11e Related Cof!'lp01:md D RS and USP 

PtU-OJtetiAe H)·d:roel1loride RS in water, and dilute qul½fltita 

tiYel)·, a11d stepwise ifneeessa1;·, with water to 0etai11 a solt1 

tio11 ha:,·ing known eoneentrations of about 0.1 and 1.0 fflg 

per tttL, respeefr.,·ei)'. 

Test sol1:1tio11 Transfer about 100 mg of Parei.etine 

Hydroehloride, aeeuratel)' weighed, to a 50 mL 1,·o luffletrie 

flask , dissoh'e i11 and dilt1te with water to YOlt1r11e, and fflilt. 

Ch1ca111atog'l'ttphic S)'Slcm (see Gh1'8111at0gra-ph),· (rn))-

The liquid ehrefflategraph is eqt1ii;,ped with a 295 nffl detee 

tor and a 4 .6 fflffi H 25 effi column that eontai11s paekiAg 

Ll 3. The Flew rate is about 1 fflL per r11inute. Chrofflato 

graph the Standard soh,·tio11, aad reeerd tl!e peak responses 

as direeted for Pl'(,ccdt11<c: the relati1,·e rete11tion tir11es are 

about 1.2 for parei,etine related eoffipouAd D a11d 1.0 for 

i;,are)(etine; the resolutio11, R, between i;,arm,eti11e related 

eoffipot1nd D and parmtetiAe is 110t less tha11 2.2; the eelufl'IA 

eff:ieiene)' deterfflined frot'fl the paroi,etiAe related eofl'I 

po1:1nd D peak is net less thaA 4000 theoretieal plates; the 

tailing faeter for the related eoA1pot1nd D peak is Hot fl'lore 

thaA 1.&; and the relatiYe standard de•,iatioA fer replieate in 

jeetioAs is 110t r11ore than 2.5%. 

Proccd~ll"C Separately iajeet equal \'Oluf!'les (about 10 

µL) of the Sta,1tlmvi so!uti011 and the Test so!-1ili011 into the 

ehreffiatograph, reeord the ehrof!'latograffls, and f!'least1re the 

resp011ses fer the ffiajer peaks. Calculate the pereentage of 

parni,etiAe related eof!'lpound D in the pertio11 of ParOJ,etine 

H)·dreehloride talceA 8)' the foff!'lula: 

iB whieh C is the eoaeentration, in µg per r11L, of USP Par 

eJtetiAe Related Cer11peund D RS in the Sta11tia1vi: so!utio11; 

Wis the qt1antity, in fflg, of Pareneti11e Hyd:roehloride in the 

Test sot~1tio11; and r~r-tffi&+'& are the peak responses for par 

ei,etine related eot11pot111d D oetaiHed froffl the Test s0h1ti011 
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tffld tke 8k:t11d:B1¥i: sahttia11, fespeefr,•el)•: tke suffl of tke pef 

eefltages foufld ifl tke Li111it &jrelBted: C8/1tfJ8Nnd: C afld tke 

Limit &-j,'CIBted: ea,11paN11d: D tests is flOt more tkafl Q.1%. 

Mobile phase- Prepare a mixture of n-hexane, alcohol, 

water, and trifluoroacetic acid (900 : 100:2:2). Make adjust

men ts if necessary (see Syst em Suitability under 

Chromatography ( 621 ) ). 

Diluent:a mixture of alcohol and n-hexane (1: 1). 

Standard solution-Dissolve an accurately weighed 

quantity of USP Paroxetine Related Compound C RS, and 

dilute quantitatively, and stepwise if necessary, with Diluent 

to obtain a solution having a known concentration of about 

1 mg per mL. 

Test solution- Transfer about 125 mg of Paroxetine 

Hydrochloride, accurately weighed, to a 25-mL volumetric 

flask, dissolve in and dilute with Diluent to volume, and 

m!X . 

System suitability solution- Dilute known volumes of the 

Test solution and the Standard solution with Diluent to ob

tain a solution having known concentrations of about 0.1 

mg per mL of each of y.gµ • .._ usPn Paroxetine Hydro

chloride R:£. .._ .._ usm and of USP Paroxetine Related Com

pound C RS. 

Chromatographic system (see Chromatography ( 621 ) )

The liquid chromatograph is equipped with a 295-nm detec

tor and a 4.6-mm x 25-cm column that contains packing 

f:.-49:. •Ls 1..._usm The flow rate is about 1.0 mL per minute, 

and the column temperature is maintained at 30°. Chromato

graph the System suitability solution, and record the peak 

responses as directed for Procedure: the relative retention 

times for paroxetine and paroxetine related compound C 

is 1.0 and about 0.6, respectively; the resolution, R, between 

paroxetine and paroxetine related compound C is not less 

than 2.0; and the tailing factor for paroxetine related com-

pound C is not greater than 2.0. Chromatograph the Stan

dard solution, and record the peak responses as directed 

for Procedure: the relative standard deviation for replicate 

injections is not more than 2.0% for the paroxetine related 

compound C. 

Procedure- Separately inject equal volumes (about 5 µL) 

of the Standard solution and the Test solution into the chro

matograph, record the chromatograms, and measure the re

sponses for the major peaks. Calculate the percentage of 

paroxetine related compound C in the portion of Paroxetine 

Hydrochloride taken by the formula: 

lQ,QQQ(CIW)(rJ +<..-1; 

.._2500(C/W)(r;I rs),.._usm 

in which C is the concentration, in mg per mL, of USP Par

oxetine Related Compound C RS in the Standard solution; 

Wis the weight, in mg, of Paroxetine Hydrochloride, on the 

anhydrous basis, used to prepare the Test solution; and r, 

and rs are the peak areas for paroxetine related compound 

C in the Test solution and the Standard solution, respective

ly: not more than of 0.1 % of paroxetine related compound C 

is found . 

Limit of 1-methyl-4-(p-fluorophenyl)-1,2,3,6-tetrahydro

pyridine-

Solution A- Prepare a filtered and degassed mixture of 

acetonitrile and trifluoroacetic acid ( 1000: 1 ). 

Solution B- Prepare a filtered and degassed mixture of 

water and trifluoroacetic acid ( 1000: 1 ). 

Mobile phase-Use variable mixtures of Solution A and 

Solution B as directed for Chromatographic system. Make 
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adjustments if necessary (see System Suitability under 
Chromatography ( 621 ) ). 

Standard solution-Dissolve an accurately weighed 
quantity of USP Paroxetine Related Compound E RS in a 
mixture of Solution Band Solution A (7:3), and dilute quan
titatively, and stepwise if necessary, to obtain a solution hav
ing a known concentration of l-methyl-4-(p-fluorophenyl)-
1,2,3,6-tetrahydropyridine of about~ 100 ng per mL. 

Test solution-Transfer about 20 mg of Paroxetine Hydro
chloride, accurately weighed, to a suitable flask, add 1.0 mL 
of a mixture of Solution B and Solution A (7 :3 ), and shake to 
dissolve. 

Chromatographic system (see Chromatography ( 621 ) }
The liquid chromatograph is equipped with a tandem mass 
spectrophotometric detector, monitoring the mass-to-charge 
ratio of 44 arising from the fragmentation of mass-to-charge 
ratio of 192, and a 2.0-mm x 25-cm column that contains 
base-deactivated packing LI. The flow rate is about 0.15 mL 
per minute. The collision-induced disassociation sector is 
filled with sufficient argon gas to produce -20 e V collisions. 
Adjust the argon gas pressure as necessary. The chromato
graph is programmed as follows. 

Time Solution A Solution B 

(minutes) (%) (%) Elution 

0 30 70 equilibration 
0-10 30 70 isocratic 

10-10.5 30-t90 70-tl0 linear gradi-

ent 
10.5-20 90 10 isocratic 
20-20.5 90-t30 10-t70 linear gradi-

ent 
20.5-30 30 70 isocratic 

Chromatograph the Standard solution, and record the peak 
responses as directed for Procedure: the signal-to-noise ra
tio for the analyte response at a mass-to-charge ratio of 44 is 
not less than 5; and the relative standard deviation for rep
licate injections is not more than 5.0%. [NOTE-A large 
peak due to paroxetine is observed at about 10 minutes in 
this system. Divert the flow of eluate from the mass spectro
meter at about 10 minutes after injection.] 

Procedure-Separately inject equal volumes (about 100 
µL) of the Standard solution and the Test solution into the 
chromatograph, record the chromatograms, and measure the 
responses for the major peaks. Calculate the amount, in ~ 
ng, of l-methyl-4-(p-fluorophenyl)-1,2,3,6-tetrahydropyri
dine in the portion of Paroxetine Hydrochloride taken by 
the formula: 

in which C is the concentration, in mg per mL, of USP Par
oxetine Related Compound E RS in the Standard solution; I 
is the amount, in ng, ~ of l-methyl-4-(p-fluorophenyl)-
1,2,3 ,6-tetrahydropyridine in each mg of USP Paroxetine 
Related Compound E RS in the Standard solution; and ru 
and rs are the peak responses for l-methyl-4-(p-fluorophe
nyl)-1,2,3,6-tetrahydropyridine obtained from the Test solu
tion and the Standard solution, respectively: not more than 
200 pg 100 ng 20 ng is found (0.000 1 %). 

Chromatographic purity-[NOTE-Perform both meth
ods unless the manufacturer has assurance, based on knowl
edge of the manufacturing process, that one of the tests is 
not relevant to their material.] 
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TEST 1-

Solution A- Prepare a filtered and degassed mixture of 

water, tetrahydrofuran, and trifluoroacetic acid (180 :20:1). 

Solution B-Prepare a filtered and degassed mixture of 

acetonitrile , tetrahydrofuran , and trifluoroacetic acid 

(180:20: 1 ) . 

Mobile phase-Use variable mixtures of Solution A and 

Solution B as directed for Chromatographic system. Make 

adjustments if necessary (see System Suitability under 

Chromatography (621 )). 

Diluent: a mixture of water and tetrahydrofuran (9: I). 

Standard solution- Dissolve an accurately weighed 

quantity of USP Paroxetine Hydrochloride RS, and dilute 

quantitatively, and stepwise ifnecessary, with Diluent to ob

tain a solution having a known concentration of about 1 µg 

per mL. 

System suitability solution- Dissolve, by sonication if 

necessary, suitable quantities of USP Paroxetine Related 

Compound A RS and USP Paroxetine Related Compound 

B RS in e R'liJ(tl:!Fe efv,,eteF eftS tetFeh;•arefureft (9: 1) Diluent 

to obtain a solution having known concentrations of about 

0.0 I mg of each USP Reference Standard per mL. 

Test solution- Transfer about 25 mg of Paroxetine Hydro

chloride, accurately weighed, to a 25-mL volumetric flask , 

dissolve in 20 mL of e R'lillt1:1Fe ef weteF efta tetFeh;•aFefuFeft 

f9,:-l+, Diluent, sonicate, dilute with e R'liict1:1Fe ef weteF efta 

tetreh;•aFefuFeft (9:1) Diluent to volume, and mix. 

Chromatographic system (see Chromatography (621 ))

The liquid chromatograph is equipped with a 285-nm detec

tor eavaele ef ffi0ftiteFiftg et 2e3 efta 295 ftffi and a 4.6-mm 

x 25-cm column that contains packing L7. The fl.ow rate is 

about I mL per minute. The column temperature is main

tained at 40°. The chromatograph is programmed as fol

lows. 

Time Solution A Solution B 

(minutes) (%) (%) Elution 

0 80 20 equilibration 

0-30 80 20 isocratic 

30-50 80➔ 20 20➔ 80 linear gradi-

ent 

50- 60 20 80 isocratic 

60- 70 20➔ 80 80 ➔ 20 linear gradi-

ent 

CflfeffletegFeflh the Sj,'3h21!1 s1:tit-ahihtJ1 sal1:ttitm, efta Feeefa 

the veek FeSfl0ftSeS as aifeetea feF P,'(jeedtt1-c: the Feselutieft, 

R, eetweeft vereJtetifte Felatea e0fflfl0UH8 A eHS fleF0Jtetitte 

Felatea eefflfl81:tftd B is ftet less tfiaft 1.5; the eelum-n effi. 

eiefte;' aetef'R'lifted ff0ffi the fleF0JCetifte relates e0R'lfl0Uft8 

A veelc is ftet less theft 10,000 tfleeFetieel vletes; the teiliftg 

feeteF fef the fleFeicetifte feletea eefflveufta A veek is ftet 

ffieFe theft 1.2; ana the rnlati,.•e staftdaFa ae,.•iatieft feF rev 

lieete iHjeetieHs is Het fflere theft 1.0%. 

P1•aeed~we Iajeet e Yeiuffle (eeeut 20 i,tL) ef the Test 

sal1:ttim1 iftte the ehFeffletegreph, reeeFa the ehrnffletegreft~, 

eHS ffieeSUFe ell ef the veelc FeSfl0ftSes et eeth 2e3 eHS 295 

Rffi . Celeulete the fleFeeftta:ge ef eeeh imflUFit:,• ift the flSFtieft 

ef Pernitetifte H;•aFeehleFiae telceft S}' the fefR'!ula: 

ift whieh r, is the veelc fespeftse feF eeeh imflHFity; ead r.-is 

the suffl ef the Fesveftses ef ell ef the veelcs: ftet fflSFe theft 

O. l % ef aft;' iftdi~•iduel ifflfll:iAt)' is feufta, efta ft0t ffi0Fe theft 

Q_5q<, ef tetel iFHfll:IFities is feufta. 
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Chromatograph the System suitability solution, and record 

the peak responses as directed for Procedure: the relative 

retention times are about 1. 1 for paroxetine related com

pound B, and 1.0 for paroxetine related compound A; the 

resolution, R, between paroxetine related compound A 

and paroxetine related compound B is not less than 2.0; 

and the tailing factor of the paroxetine related compound 

A peak is between 0.8 and 2.0. Chromatograph the Standard 

solution, and record the peak responses as directed for 

Procedure: the relative standard deviation for replicate in

jections is not more than 2.0%. 

Procedure-Separately inject equal volumes (about 20 

µL) of the Standard solution, the Test solution, and the Dil

uent into the chromatograph, record the chromatograms, 

and measure the responses for the major peaks. Calculate 

the percentage of each impurity in the portion of Paroxetine 

Hydrochloride taken by the formula : 

2500(CIW)(rul rs), 

in which C is the concentration, in mg per mL, of USP Par

oxetine Hydrochloride RS in the Standard solution; Wis the 

weight, in mg, of Paroxetine Hydrochloride, on the anhy

drous basis, used to prepare the Test solution; ru is the peak 

area of each impurity in the Test solution, excluding the 

peaks obtained in the chromatogram of the Diluent; and rs 

is the peak area of paroxetine obtained in the Standard solu

tion: not more than of0.5% ofparoxetine related compound 

B is found; not more that 0.1 % of any other individual im

purity is found; and not more than 1.0% of total impurities is 

found. 

TEST2-

Phosphate buffer-Dissolve 3.4 g of monobasic potas

sium phosphate and 3.4 g oftetrabutylammonium hydrogen 

sulfate in 1.0 liter of water. 

Solution A-Prepare a filtered and degassed mixture of 

Phosphate buffer and acetonitrile (98:2). 

Solution B-Prepare a filtered and degassed mixture of 

Phosphate buffer and acetonitrile (6:4). 

Mobile phase-Use variable mixtures of Solution A and 

Solution B as directed for Chromatographic system. Make 

adjustments if necessary (see System Suitability under 

Chromatography ( 621) ). 

Diluent:a mixture of Phosphate buffer and acetonitrile 

(9: 1). 

Standard solution-Dissolve an accurately weighed 

quantity of USP Paroxetine Hydrochloride RS, USP Parox

etine Related Compound B RS, USP Paroxetine Related 

Compound F RS, and USP Paroxetine Related Compound 

G RS in Diluent, and dilute quantitatively, and stepwise if 

necessary, with Diluent to obtain a solution having known 

concentrations of about 4 µg per mL, 10 µg per mL, 10 µg 

per mL, and 4 µg per mL, respectively. 

Identification solution-Dissolve an accurately weighed 

quantity of Paroxetine Hydrochloride, USP Paroxetine Re

lated Compound B RS, USP Paroxetine Related Compound 

F RS, and USP Paroxetine Related Compound G RS in Dil

uent to obtain a solution having known concentrations of 

about 2 mg per mL, 10 µg per mL, 10 µg per mL, and 4 

µg per mL, respectively. 
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Test solution-Transfer about 25 mg ofParoxetine Hydro

chloride, accurately weighed, to a 50-mL volumetric flask, 

dissolve in and dilute with Diluent to volume, and mix. 

Chromatographic system (see Chromatography ( 621) )

The liquid chromatograph is equipped with a 210-nm detec

tor and a 3.9-mm x 15-cm column that contains packing 

LI. The flow rate is about 1.0 mL per minute. The chro

matograph is programmed as fo llows. 

Time Solution A Solution B 

(minutes) (%) (%) Elution 

0 JOO 0 equilibration 

0-5 100 0 isocratic 

5-70 100➔40 0➔60 linear gradi-

ent 

70-90 40➔ 0 - 60➔ 100 linear gradi-

ent 

90-95 0 100 isocratic 

95- 95 .1 0-+ JOO 100 ➔ 0 linear gradi-

ent 

95 .1- 110 100 0 re-equilibra-

tion 

Chromatograph the Identification solution, and record the 

peak responses as directed for Procedure: the relative reten

tion times are about 0. 91 for paroxetine related compound 

B, about 0.96 for paroxetine related compound F, 1.0 for 

paroxetine, and about 1.34 for paroxetine related compound 

G. Chromatograph the Standard solution, and record the 

peak responses as directed for Procedure: the relative stan

dard deviation for replicate injections is not more than 

10.0% for the paroxetine related compound B, paroxetine 

related compound F, paroxetine hydrochloride, and paroxe

tine related compound G peaks. 

Procedure- Separately inject equal volumes (about 25 

µL) of the Standard solution and Test solution into the chro

matograph, record the chromatograms, and measure the re

sponses for the major peaks . Calculate the percentage of 

paroxetine related compound B, paroxetine related com

pound F, and paroxetine related compound G in the portion 

of Paroxetine Hydrochloride taken by the formula: 

5000(C/W)(rJ rs), 

in which C is the concentration, in mg per mL, of the appro

priate USP Reference Standard in the Standard solution; W 

is the weight, in mg, of Paroxetine Hydrochloride, on the 

anhydrous basis, used to prepare the Test solution; and r, 

and rs are the peak areas for the corresponding impurity in 

the Test solution and the Standard solution, respectively: not 

more than of 0.5% of paroxetine related compound B is 

found; not more than 0.2% of paroxetine related compound 

F is found; and not more than 0.2% of paroxetine related 

compound G is found. Calculate the percentage of any un

known impurity in the portion of Paroxetine Hydrochloride 

taken by the formula: 

5000(C/ W)(rJ rs), 

in which C is the concentration, in mg per mL, of the USP 

Paroxetine Hydrochloride RS in the Standard solution; Wis 

the weight, in mg, of Paroxetine Hydrochloride, on the an

hydrous basis, used to prepare the Test solution; r, is the 

peak area for any unknown impurity in the Test solution; 

and rs is the peak area of paroxetine in the Standard solu

tion: not more than of 0.1 % of any single unknown impu

rity is found, and not more than 1.0% of total impurities is 

found . 

Organic volatile impurities, Method V ( 467) :meets the re

quirements . 

r 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 



108 IN-PROCESS REVISION 
Pharmacopeial Forum 

Vol. 29(1) [Jan.-Feb. 2003] 

Assay-

Acetate buffer-Prepare a 0.05 M solution of ammonium 

acetate in water, adjust with glacial acetic acid to a pH of 

4.5, mix, and filter. 

Mobile phase- Prepare a filtered and degassed mixture of 

Acetate buffer, acetonitrile, and triethylamine (60:40:1). Ad

just with glacial acetic acid to a pH of 5.5. Make adjust

men ts if necessary (see System Suitability under 

Chromatography (621 )). 

System suitability solution-Dissolve suitable quantities 

of USP Paroxetine Related Compound B RS and USP Par

oxetine Hydrochloride RS in water to obtain a solution hav

ing known concentrations of about 0.5 mg of each USP 

Reference Standard per mL. 

Standard preparation-Dissolve an accurately weighed 

quantity of USP Paroxetine Hydrochloride RS in water, 

and dilute quantitatively, and stepwise if necessary, with 

water to obtain a solution having a known concentration 

of about 0.5 mg per mL. 

Assay preparation-Transfer about 50 mg of Paroxetine 

Hydrochloride, accurately weighed, to a 100-mL volumetric 

flask, dissolve in and dilute with water to volume, and mix. 

Chromatographic system (see Chromatography (621 ) )

The liquid chromatograph is equipped with a 295-nm detec

tor and a 4.6-mm x 25-cm column that contains packing 

Ll3. The flow rate is about I mL per minute. Chromato

graph the System suitability solution, and record the peak 

responses as directed for Procedure: the relative retention 

times are about 0.9 for paroxetine related compound B 

and 1.0 for paroxetine; the resolution, R, between paroxetine 

related compound Band paroxetine is not less than 2.0; the 

column efficiency determined from the paroxetine peak is 

not less than 3000 theoretical plates; the tailing factor for 

the paroxetine peak is not more than 1.6; and the relative 

standard deviation for replicate injections is not more than 

2.0%. 

Procedure-Separately inject equal volumes (about 10 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the responses for the major peaks. Calculate the 

quantity, in mg, of C19H20FN03 • HCI in the portion of Par

oxetine Hydrochloride taken by the formula: 

in which C is the concentration, in mg per mL, of USP Par

oxetine Hydrochloride RS in the Standard preparation; and 

ru and rs are the peak responses obtained from the Assay 

preparation and the Standard preparation, respectively .• 2 

BRJEFING 

Extended Phenytoin Sodium Capsules, USP 26 page 1469 
and page 780 of PF 28(3) [May- June 2002). 

(BPC: M. Marques) RTS- 36836-1 

Erratum: 

Dissolution, line 2 under Test 2: Change: "Proceed as directed in Test I, except for the Apparatus 2: 75 rpm, and Tolerances." to: 
Proceed as directed in Test I, except for using Apparatus I at 75 
rpm and the following Tolerances. 
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BRIEFING 

Procainamide Hydrochloride Extended-Release Tablets, 
USP 26 page 1545. It is proposed to make some changes in the text 
of the Drug release test to facilitate its comprehension. Editorial 
style changes have also been made. 

(BPC: M. Marques) RTS- 37517-1 

Change to read: 
Drug release (724)-

Test I : If the product complies with this test, the labeling indi-
cates that the product meets USP Drug Release Test I . 

Medium: 0.1 N hydrochloric acid; 900 mL. 
Apparatus 2: 50 rpm. 
Times: 1, 4 and, 6 hours. 
Procedure-Determine the amount of C 13H21N30 · HCl di s

solved from UVabsorbances at the wavelength of maximum absor
bance at about 224 nm, using filtered portions of the solution under 
test, diluted with Q. I J>I kyereeklerie aeie, 

"'Medium,"'usp27 
if necessary, in comparison with a Standard solution having a 
known concentration of USP Procainamide Hydrochloride RS in 
the same Medium. 

Tolerances-The percentage of the labeled amount of 
C13H21 N30 · HCl dissolved is within the range stated at each of 
the following times. 

Time (hours) 

I 
4 
6 

Amount dissolved 

between 30% and 60% 
between 60% and 90% 
not less than 75% 

Test 2: If the product complies with this test, the labeling indi
cates that the product meets USP Drug Release Test 2. 

Medium: Preeeee EIS eireetee f<n kf.et,liBd B t:l!leer IJeltt;ed I e 
leMe (&1te, ie eBateti) A, tie,es Ce,1e, al IJ, "'t!: Relea:Je &itt,1dtt, ti, 
eesePt·ing Ike felleYt'ing enee13tiens . PerfeRH Aeid :Jltttf:e testing, 
t1sing 9QQ fflL ef Q. l J>I k)·ereeklerie aeie, fer I ket1r insteae ef 2 
ket!rs , ElftB 13erfefffi B,effe, :JlatJ:e testing t1sing 9QQ fflL ef Q.Q5 M 
131-! 7.5 13kes13kate et1ffer (see Bitffe, !J in Ike seetien ReatJ:e,11:J, l-11 
dieal8, !J, a,1d &Blf>lliBll!J), insleae ef Ike 1311 6.8 et1aer, Elfl8 eenet1et 
the test fer a tiffle 13eriee net less tkan 8 ket1rs. 

"'Proceed as directed for Method B under D elayed-Release 

(Enteric-Coated) Articles. 

ACID STAGE-0.1 N hydrochloric acid; 900 mL for 1 

hour. 

BUFFER STAGE-0.05 M phosphate buffer, pH 7.5; 900 

mL (see Buffer Solutions under Reagents , Indicators and 

Solution) for not less than 8 hours. "'usn7 

Apparatus 2: 50 rpm, 

"'with sinkers. "' usp27 
Times: 1, 4 and, 8 hours. 
Procedure-Proceed as directed for Procedure in Test I . ~ 

Tue lets tkat are 13re, ieusl) 13lE1eee in sltl.inless steel s13irals te 13re 
, ent tkeffl freffl §eating. 

"' J. USP27 
Tolerances-Proceed as directed for Interpretation under Meth-

od A, except to employ the criteria in Acceptance Table I instead of 
Acceptance Table 3. The percentages of the labeled amount of 
C13H21N30 · HCI dissolved at the times specified conform to Ac
ceptance Table I . 

Time (hours) 

I 
4 
8 

Amount dissolved 

between 30% and 60% 
between 60% and 90% 
not less than 80% 

Test 3: If the product complies with this test, the labeling indi
cates that the product meets USP Drug Release Test 3. 

Medium: Proceed as directed under Test 2. 
Apparatus 2: 50 rpm, 

"'with sinkers.>-usp27 
Times: 1, 3, o and, 8 hours. 
Procedure-Proceed as directed for Procedure in Test I. testing 

Tue leis tkat are 13re, iet1Sl) 13laeee in staiHless steel s13irals te 13re 
·,·ent lheffl freffl §eating. 

"' J. USP27 
Tolerances-Proceed as directed for Interpretation under Meth-

od A, except to employ the criteria in Acceptance Table I instead of 
Acceptance Table 3. The percentages of the labeled amount of 
C13H21N30 • HCl dissolved at the times specified confonn to Ac
ceptance Table I . 

Time (hours) 

1 
3 
6 
8 

Amount dissolved 

between 25% and 50% 
between 40% and 75% 
between 65% and 90% 
not less than 80% 

Test 4: If the product complies with this test, the labeling indi-
cates that the product meets USP Drug Release Test 4. 

Medium: 0.1 N hydrochloric acid; 900 mL. 
Apparatus I : 50 rpm. 
Times: I , 2, 4, 8 and, 14 hours. 
Procedure-Proceed as directed for Procedure in Test I . 
Tolerances-Proceed as directed for Interpretation under Meth-

od A, except to employ the criteria in Acceptance Table I. The per
centages of the labeled amount ofC 13H21N30 · HCI dissolved at the 
times specified conform to Acceptance Table I . 

Time (hours) 

I 
2 
4 
8 
14 

Amount dissolved 

not more than 30% 
between 25% and 45% 
between 45% and 75% 
between 70% and 90% 
not less than 80% 

Test 5: If the product complies with this test the labeling indi
cates that the product meets USP Drug Release Test 5. 

Medium: Preeeee as eireetee fer ml 2, enee13t use IQQQ fflL ef 
eeth ffleeia. 

"'Proceed as directed for Method B under Delayed-Release 

(Enteric-Coated) Articles. 

ACID STAGE-0.1 N hydrochloric acid; 1000 mL for 1 

hour. 
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BUFFER STAGE-0.05 M phosphate buffer, pH 7.5 ; 1000 

mL (see Buffer Solutions under Reagents, Indicators and 

Solution) for not less than 8 hours .• usp27 

Apparatus 2: 50 !Jlm, 

•with sinkers.>usp27 
Times: I, 4, b and, 8 hours. 
Procedure-Proceed as directed for Procedure in Test 1. 
Tolerances- Proceed as directed for Tolerances in Test 2. 
FOR 500 MG TABLETS-

Time (hours) 

I 
4 
6 
8 

Amount dissolved 

between 30% and 45% 
between 55% and 75% 
not less than 65% 
not less than 75% 

FOR 750 AND ] 000 MG TABLETS-

Time (hours) 

I 
4 
6 
8 

Amount dissolved 

between 30% and 50% 
between 60% and 80% 
between 70% and 90% 
not less than 75% 

Test 6: If the product complies with this test, the labeling indi-
cates that the product meets USP Drug Release Test 6. 

Medium: Proceed as directed for Test 2. 
Apparatus 2: 50 !Jlm. 
Times: I, 4 and, 8 hours. 
Procedure-Proceed as directed for Procedure in Test 1. 
Tolerances-Proceed as directed for Tolerances in Test 2. 
FOR 250 MG TABLETS-

Time (hours) 

I 
4 
8 

FOR 500 MG TABLETS

Time (hours) 

I 
4 
8 

FOR 750 MG TABLETS

Time (hours) 

1 
4 
8 

Amount dissolved 

between 30% and 60% 
between 60% and 90% 
not less than 80% 

Amount dissolved 

between 30% and 50% 
between 60% and 80% 
not less than 85% 

Amount dissolved 

between 30% and 50% 
between 60% and 80% 
not less than 80% 

Test 8: If the product complies with this test, the labeling indi
cates that the product meets USP Drug Release Test 8. 

Medium: Preeee8 es 8ifeele8 fer Mel>½Bfi B 1:tll8er De!-8)'e« , e 
lettse (E,11e1·ie eBttlet{) Arlie.'e Ge;1e, ·ttl Dn;g Relettse Slttnfitt1-<i, 
easep,,•illg the f:alle·.Yillg eiceepliells. Perfenll Aeitl si'tlge testiRg 
fer I he1:1r illstee8 ef2 hetlfS ell8 perfe!ffl B,effe,· slttge testillg usillg 
0.0§ M pll 7.§ phespl~ete buffer (see B1tjfe;9 ill ll~e seetiell Re 
ttge>'i/9, },1fiiet1,'8, ·s, tt,ui &,/t,t/i8,'i9~ , iRSlee8 ef the p!I e.8 a1:1ffer, 
8R8 eell8uet the lest fer a time perie8 net less then g heurs. 
•Proceed as directed for Method B under Delayed-Release 

(Enteric-Coated) Articles. 

ACID STAGE-0.1 N hydrochloric acid; 900 mL for 1 

hour. 

BUFFER STAGE-0.05 M phosphate buffer, pH 7.5; 900 

mL (see Buffer Solutions under Reagents, Indicators and 

Solution) for not less than 8 hours .• usp27 

Apparatus 2: 50 !Jlm, 

•with sinkers .• usn1 

Times: I, 4, 6 and, 8 hours. 
Procedure-Proceed as directed for Procedure in Test 1. ~ 

'Faalets that ere pre, ie1:1sl)' pleee8 ill steia-less steel spirals te pre 
• ellt tl!em frem fleatillg. Usillg filtere8 peftaiells ef tl!e selutiell UH 
8er test, 8il1:1te8 with 0.1 ►I fl:)'8reehlerie eei8, 8etefff½ille the 
ettteullt ef c ..... ~~~Q HG! 8isseh•e8 frem '..;'.' aaseraellees et 
the we¾·elellglh ef mcmiffl.1:1m aaseraallee at aae1:1t 224 llffl in ee1tt 
peFisell with e £tell8ar8 sel1:1tiell he¾•illg e lEflBWll eelleelltretiell ef 
U£P Preeeillaffii8e H)'8Feel!leri8e R£ ill the S!lffle H1e8iUHl. 

Tolerances-Proceed as directed for Tolerances in Test 2. 

Time (hours) 

I 
4 
6 
8 

Amount dissolved 

between 33% and 50% 
between 70% and 85% 
not less than 80% 
not less than 85% 

BRIEFING 

Pseudoephedrine Hydrochloride Extended-Release Tablets, 
USP 26 page 1591 and page 85 of PF 28(1) [Jan.-Feb. 2002]. It 
is proposed to separate the Drug release tests according to the dos
ing, 12 and 24 hours. Also, it is proposed to include Drug release 
tests for two additional approved products. Drug release Test 2 was 
validated with a Hypersil ODS brand of Ll column. The typical 
retention time observed for pseudoephedrine is about 2. 7 minutes. 
In the absence of any significant adverse comment, it is proposed to 
implement this revision via the Second Interim Revision An
nouncement pertaining to USP 27- NF 22, with an official date 
of April I, 2003. 

(BPC: M. Marques) RTS- 36719-1; 36926-1; 37259-1 

Add the following: 

•Labeling-When more than one Drug Release test is gi

ven, the labeling states the Drug Release test used only if 

Test I is not used .• 2 
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Add the following: 

•orug release (724)-

FOR PRODUCTS LABELED FOR DOSING EVERY 12 HOURS

Test 1: 

Medium: water; 900 mL. 

Apparatus 2: 50 rpm 

Times: l, 3, and 6 hours. 

Standard solution-Dissolve an accurately weighed 

quantity of USP Pseudoephedrine Hydrochloride RS in 

water, and dilute quantitatively, and stepwise if necessary, 

with water to obtain a solution having a known concentra

tion of about 0.13 mg per mL. 

Procedure-Determine the amount of C10H15NO • HCI 

dissolyed by employing the procedure set forth in the Assay. 

Separately inject equal volumes (about 50 µL) of the Stan

dard solution and the filtered solution under test. Calculate 

the amount of C10H15NO · HCI dissolved per Tablet. 

Times and Tolerances: 

Time (hours) 

3 

6 

Amount dissolved 

between 25% and 45% 

between 50% and 75% 

not less than 75% 

Test 3: If the product complies with this test, the labeling 

indicates that it meets USP Drug Release Test 3. 

Medium, Apparatus, and Times-Proceed as directed for 

Test 1. 

Procedure- Determine the amount of C10H1sNO · HCl 

dissolved from UV absorbances at the wavelength of max

imum absorbance at about 214 nm on portions of the solu

tion under test, filtered through a 0.45-µm filter and suitably 

diluted with Medium, if necessary, in comparison with a 

Standard solution having a known concentration of USP 

Pseudoephedrine Hydrochloride RS in the same Medium. 

Times and Tolerances: 

Time (hours) 

1 

3 

6 

Amount dissolved 

between 25% and 45% 

between 60% and 80% 

not less than 80% 

FOR PRODUCTS LABELED FOR DOSING EVERY 24 HOURS

Test 2: If the product complies with this test, the labeling 

indicates that it meets USP Drug Release Test 2. 

Medium: 0.9% sodium chloride in water; 50 mL. 

Apparatus 7: 30 cycles per minute; 2- 3 cm amplitude. To 

prepare the sample, see the Fig. 1 below that illustrates the 

following steps: 

1. Place one Tablet on a 5- x 5-cm nylon netting. 

2. Fold netting over the Tablet. Continue folding until the 

Tablet is enclosed in netting. 

3. Fold netting so that the two open ends meet. The Tablet 

should be enveloped in the center of the netting. 

4. Insert rod (see Fig. 7c under Drug Release (724)) 

through netting to secure the Tablet. 

5. Secure netting with HPLC plastic ferrules or other ap

propriate device. Trim the excess netting. Attach each 

sample holder to the vertically reciprocating sample 

holder. 

~ u 
(1) (2) (3) 

0:, ~ 
(4) (5) 

Figure 1 

Times: 2, 8, 14, and 24 hours. 

Determine the amount of C1oH15NO · HCl dissolved by 

employing the following method. 
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0.05 M Phosphate buffer, pH 6.8- Transfer 200 mL of 

water to a I 000-mL volumetric flask . Add 3 .4 mL of phos

phoric acid and 5 mL of triethylamine. Add water to almost 

900 mL. Adjust with IN sodium hydroxide to a pH of about 

6.8, dilute with water to volume, and mix. 

Mobile phase-Prepare a filtered and degassed mixture of 

0.05 M Phosphate buffer, pH 6.8 and methanol (9:1). 

System suitability solution-Dissolve an accurately 

weighed quantity of USP Pseudoephedrine RS in water, 

and dilute quantitatively, and stepwise if necessary, with 

water to obtain a solution having a known concentration 

of about 0.4 mg per mL. 

Standard solutions-Prepare solutions in water having ac

curately known concentrations of USP Pseudoephedrine 

Hydrochloride RS in a range around the expected concen

tration of the solution under test at each time interval. 

Chromatographic system (see Chromatography ( 621 ) )-

The liquid chromatograph is equipped with a 254-nm detec

tor and a 4.6-mm x 5-cm column that contains packing LI . 

The flow rate is about 1.5 mL per minute. Chromatograph 

the System suitability solution, and record the peak re

sponses as directed for Procedure: the tailing factor for 

the analyte peak is not more than 2; and the relative standard 

deviation for replicate injections is not more than 2.0%. 

Procedure-Separately inject equal volumes (about 10 

µL) of the Standard solutions and the solution under test 

into the chromatograph, record the chromatograms, and 

measure the responses for the major peak. Construct a cali

bration curve by plotting the peak response versus concen

tration of the Standard solutions. Determine the amount of 

C10H1sNO · HCI dissolved at each time interval from a lin

ear regression analysis of the calibration curve. 

Times and Tolerances: 

Time (hours) 

2 

8 

14 

24 

Change to read: 

Amount dissolved 

between 20% and 35% 

between 40% and 65% 

between 60% and 90% 

not less than 90%.2 

Assay-
Mobile phase-Prepare a filtered and degassed mixture of alco

hol and ammonium acetate solution (I in 250) (17:3). 
Standard preparation-Dissolve an accurately weighed quantity 

of USP Pseudoephedrine Hydrochloride RS in alcohol to obtain a 
solution having a known concentration of about 1.2 mg per mL. 

Assay preparation-Transfer not fewer than 20 Tablets to a suit
able container, add 500 mL of alcohol, and homogenize until the 
Tablets are dispersed. Quantitatively transfer the contents of the 
container to a I 000-mL volumetric flask, dilute with alcohol to vol
ume, mix, and allow to stand for solids to settle. Transfer 25.0 mL 
of the supernatant into a 50-mL volumetric flask, dilute with alco
hol to volume, and mix. 

•Pass a portion of this solution through a 0.45-µm filter be-

fore injection .• 2 
Chromatographic system (see Chromatography (621) }-The 

liquid chromatograph is equipped with a 254-nm detector and a 
4.6-mm x I 5-cm column that contains packing L3. The flow rate 
is about 0. 7 mL per minute. Chromatograph the Standard prepa
ration, and record the peak responses as directed for Procedure: 
the tailing factor is not more than 2.5; and the relative standard de
viation for replicate injections is not more than 2.0%. 

Procedure~Separately inject equal volumes (about IO µL) of 
the Standard preparation and the Assay preparation into the chro
matograph, record the chromatograms, and measure the responses 
for the major peaks. Calculate the quantity, in mg, of pseudo
ephedrine hydrochloride (C 10H 15NO · HCl) in the portion of Tab
lets taken by the formula: 

I 00C(ru l rs), 

in which C is the concentration, in mg per mL, of USP Pseudo
ephedrine Hydrochloride RS in the Standard preparation; and ru 
and rs are the peak responses obtained from the Assay preparation 
and the Standard preparation, respectively. 

BRIEFING 

Rifampin, lsoniazid, Pyrazinamide, and Ethambutol Hydro
chloride Tablets, USP 26 page 1645. On the basis of comments 
and data received, it is proposed to revise the system suitability re
quirements for column efficiency in the Assay for rifampin, isonia
zid, and pyrazinamide because requirements for theoretical plates 
as currently stated are not consistently obtained. Data based on sev
eral systems and different brands of deactivated LIO columns re
vealed that some systems yielded chromatograms with lower 
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theoretical plates than those specified, but the chromatograms were 

otherwise satisfactory and met the other system suitabi lity require

ments. It is proposed, therefore, to change the requirement for the

oretical plates from I 00,000 to 50,000 for rifampin; from 12,000 to 

6,000 for isoniazid; and from 18,000 to I 0,000 for pyrazinamide. 

(PA 7: W. Wright) RTS- 39158-1 

Change to read: 
Assay for rifampin, isoniazid, and pyrazinamide--

Buffer solution- Dissolve 1.4 g of anhydrous dibasic sodium 

phosphate in I liter of water, and adjust with phosphoric acid to 

a pH of 6.8 . 
Solution A-Prepare a filtered and degassed mixture of Buffer 

solution and acetonitrile (96:4). 
Solution B-Prepare a filtered and degassed mixture of acetoni

trile and Buffer solution (55:45). 
Mobile phase-Use variable mixtures of Solution A and Solution 

B as directed for Chromatographic system. Make adjustments if 

necessary (see System Suitability under Chromatography (621)). 

Standard preparation-Dissolve accurately weighed quantities 

of USP Rifampin RS, USP lsoniazid RS, and USP Pyrazinamide 

RS in a mixture of Buffer solution and methanol (96:4) to obtain a 

solution having known concentrations of about 0.16 mg per mL, 

0.08 mg per mL, and 0.43 mg per mL, respectively. 

Assay preparation-Weigh and finely powder not fewer than 20 

Tablets. Transfer an accurately weighed quantity of the powder, 

equivalent to about 8 mg of isoniazid, to a I 00-mL volumetric 

flask, and add about 90 mL of Buffer solution. Sonicate for about 

10 minutes, allow to equilibrate to room temperature, dilute with 

Buffer solution to volume, and mix . [NOTE-Use this solution 

within 2 hours.] 
Chromatographic system (see Chromatography (62 1))-The 

liquid chromatograph is equipped with a 238-nm detector and a 

4.6-mm x 25-cm column that contains a 5-µm base-deactivated 

packing LI . The flow rate is about 1.5 mL per minute. The chro

matograph is programmed as follows. 

Time Solution A Solution B 

(minutes) (%) (%) Elution 

0 I 00 0 equilibration 

0-5 I 00 0 isocratic 

5--6 I 00-+0 0-+ I 00 linear gradient 

6- 15 0 I 00 isocratic; 

Chromatograph the Standard preparation, and record the peak re

sponses as directed for Procedure: the relative retention times for 

rifampin, isoniazid, and pyrazinamide are about 1.8, 0.7, and 1.0, 

respectively; the resolution, R, between isoniazid and py

razinamide is not less than 4; the column efficiencies, detennined 

from the rifampin, isoniazid, and pyrazinamide peaks are not less 

than~ 

·so,ooo ,..usn1 
theoretical plates, ~ 

... 6,000 ,.usn7 

theoretical plates, and ~ 

_.. [ 0,000 i; USP27 

theoretical plates, respectively; the tailing factor is not more than 

2.0; and the relative standard deviation for replicate injections is 

not more than 2.0%. 
Procedure-Separately inject equal volumes (about 20 µL) of 

the Standard preparation and the Assay preparation into the chro

matograph, record the chromatograms, and measure the peak re

sponses. Calculate the quantities , in mg , of rifampin 

(C 43 H58N 4 0 12), isoniazid (C 6 H 7N 30), and pyrazinamide 

(C5H5N30) in the portion of Tablets taken by the formula: 

I00C(rulrs), 

in which C is the concentration, in mg per mL, of the appropriate 

USP Reference Standard in the Standard preparation; and ru and 

rs are the peak responses of the corresponding analyte obtained 

from the Standard preparation and the Assay preparation, respec

tively. 

BRIEFING 

Simvastatin Tablets, USP 26 page 1684 and page 11 93 of PF 

28(4) [July-Aug. 2002]. It is proposed to add the instructions to 

prepare the Medium in the test for Dissolution. 

(BPC: M. Marques) RTS-39276-2 

Change to read: 
Dissolution (7 11 )-

Medium: pH 7.0 buffer solution containing 0.5% eseee,·I ss 

atttff!-

• sodium dodecyl■ 1 
sulfate in 0.01 M sodium phosphate 

•prepared by dissolving 30 g of sodium dodecyl sulfate and 

8.28 g of monobasic sodium phosphate in 6000 mL of 

water, and adjusting with 50% (w/v) sodium hydroxide 

solution to a pH of 7 .0 .-.usn7 

; 900 mL. 
Apparatus 2: 50 rpm. 
Time: 30 minutes. 
?rewashed manganese dioxide-Transfer 10 g of manganese di

oxide to a suitable container, and treat as follows . Add 50 mL of 

Dissolution Medium, and shake vigorously for 5 minutes. Centri

fuge, decant the supernatant layer, and discard. Repeat twice, first 

with Dissolution Medium and then with water. Dry the solid at 

I 00° for I hour before use. 
Test solution-Transfer a filtered portion of the solution under 

test to a centrifuge tube containing about 25 mg of ?rewashed 

manganese dioxide, and mix. Allow the mixture to stand for 30 

minutes with occasional shaking, centrifuge, and use a portion of 

the clear supernatant layer as the Test solution. 

Blank-Proceed as directed for Test solution, except to use the 

Dissolution Medium. 
Procedure-Determine the amount of C25H3sOs dissolved from 

the difference between the UV absorbances at the wavelengths of 

maximum and minimum absorbance at about 247 nm and 257 nm, 

respectively, on filtered portions of the Test solution, in comparison 

with a Standard solution having a known concentration of USP 

Simvastatin RS in the same Medium, each solution corrected for 

the Blank. 
Tolerances-Not less than 75% (Q) of the labeled amount of 

C25H3sO5 is dissolved in 30 minutes. 
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BRIEFING 

Sorbitol Solution, USP 26 page 1707 and page 787 of PF28(3) 
(May- June 2002]- See briefing under Maltitol Solution . 

(EMC: C. Sheehan; PSD: C. Okeke) RTS- 3935 8-2 

Change to read: 

» Sorbitol Solution is an aqueous solution containing, 
i-H eaeh 100.0 g, 
•■2 
not less than 64.0 g 

•percent.2 
of D-sorbitol (C6H1406)- The amounts of total sugars, 
other polyhydric alcohols, and any hexitol anhydrides, 
if detected, are not included in the requirements nor 

•in.2 
the calculated amount under Other Impurities. 

Change to read: 
Packaging and storage Presep,•e in tiglH eentainers. 

•Preserve in well-closed containers. Do not store below 

20°·•USP27 

Change to read: 
Identification-

A: Te 3 11tt:, ef e. I in 75 eilutien ef it in 

•Dissolve 1.4 g of Sorbitol Solution in 75 mL of water. 

Transfer 3 mL of this solution to■2 
a 15-cm test tube, add 3 mL of freshly prepared catechol solution 

(I in I 0), mix, add 6 mL of sulfuric acid, mix again, and gently heat 
the tube in a flame for about 30 seconds: a deep pink or wine color 
appears. 

B: The retention time of the major peak in the chromatogram 
of the Assay preparation corresponds to that in the chromatogram 
of the Standard preparation, as obtained in the Assay. 

Delete the following: 
•speeilte graviey (&4+): net less than 1.385 .112 

Delete the following: 
• ltefr11eti1.'e inlleli (&;.+): eetween 1.455 a.He 1.465 e.t 30° .• 2 

Add the following: 

•Microbial limits (61 )-The total aerobic microbial count 

using the Plate Method is not more than I 03 cfu per mL, and 

the total combined molds and yeasts count is not more than 

I 02 cfu per mL. ■z 

Add the following: 

•pH (791 ): between 5.0 and 7.5, in a 14% (w/w) solution of 

Sorbitol Solution in carbon dioxide- free water. ■ 2 

Change to read: 
Residue on ignition (281): not more than 0.1%, 

•calculated on the anhydrous basis, determined on a 2-g 

portion, accurately weighed .• 2 

Delete the following: 
•ChleFille (™ ) A 2.0 g f)ertien sbe 11'S ne rnere ehleriee the.fl 
eerresf)enes te 0.10 rnL ef 0.020 N H)'ereehlerie aeie 
E0.0035%).,.2 

Delete the following: 
•SttHftfe...(™ ) A 1.37 g f)ertieH sbews He rnere sulfate aate.n eer 
resf)enes te 0.10 !fl±, ef 0.030 N suiRJHe e.eie E0.008%).,.2 

Delete the following: 
•AFsenie, Mellia.i l! (;H+): 2 .5 f'f'lll. ■ 2 

Delete the following: 
•ne11~·y metels, Melha.i I (™ ): 0 . 001%.■2 

Change to read: 
Reducing sugars A I 0.0 g f)ertieH, e.eeure.tel)' weiglrne, meets 
1he reEjuirernents ef aate test fer Retitwi11g s1,gars uneer &wbilal. 
The e.rneuHt eeterrniHee iH aatis test is net inelueed if! tlw ee.leule.tee 
e.rne uHt uneer Oli~e, ,r,,!fibl, ilies. 

•To an amount of Sorbitol Solution, equivalent to 3.3 g on 

the anhydrous basis, add 3 mL of water, 20.0 ml of cupric 

citrate TS, and a few glass beads. Proceed as directed in the 

test for Reducing sugars under Mannitol, beginning with 

" Heat so that boiling begins." Not less than 12.8 mL of 

0.05 N sodium thiosulfate VS is required, corresponding 

to not more than 0.3% ofreducing sugars, on the anhydrous 

basis, as glucose. The amount determined in this test is not 

included in the calculated amount under Other Impurities. ■ 2 

Add the following: 

•Limit of nickel-

Test solution- Dissolve 20.0 g of Sorbitol Solution in di

luted acetic acid, and dilute with diluted acetic acid to 100.0 

mL. Add 2.0 mL of a saturated ammonium pyrrolidine

dithiocarbamate solution (containing about 10 g of ammo

nium pyrrolidinedithiocarbamate per liter) and 10.0 mL of 
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methyl isobutyl ketone, and shake for 30 seconds. Protect 

from bright light. Allow the two layers to separate, and 

use the methyl isobutyl ketone layer. 

Blank solution-Prepare as directed for Test solution, ex

cept to omit the use of the Sorbitol Solution. 

Standard solutions-Prepare as directed for Test solution, 

except to prepare three solutions by adding 0.5 mL, 1.0 mL, 

and 1.5 mL of nickel standard solution TS . 

Procedure-Proceed as directed in the test for Nickel un

der Mannitol . Not more than 1 ~lg per g, calculated on the 

anhydrous basis, is found .• 2 

Change to read: 

Assay-
Mobile phase, Resolution solution , Standard preparation , and 

Chromatographic system-Proceed as directed in the Assay under 

Sorbitol (see NF monograph). 

Assay preparation Tra1½sfer aR aeettrately • .. eigkes flOHioR of 

SoltttioR, etjtti,·aleRt to aeottt Q.2~ g of sor'eitol, to a 5Q ffiL ,·oltt 

1ttetrie i:laslt, silttle • .. ·ilfl ..-ater to .-olttme, aRs tttiit. 

• Accurately weigh about 0.12 g of Sorbitol Solution, dis-

solve in and dilute with water to about 20 g. Accurately re

cord the final solution weight, and mix thoroughly .• 2 

Procedure- Proceed as directed in the Assay under Sorbitol. 

Calculate the tjttlJJ'ltito)·, iR mg, of CJ,+-1-4G,; iH Hie flOrtioR ofSoltttioR 

laltefl e~· tke feffflttla: 

~ .. ,H<..t; 

iR wkiek C is tke eoReeRlralion, if! mg Iler mL, of USP Sor'eitol RS 

iR tke Stamia, d p1'Cf9a, w1ie11, 

•percentage of o-sorbitol (C6H 140 6) in the portion of Sorbi-

tol Solution taken by the formula : 

I00(CslCu)(ru lr5), 

in which Cs is the concentration, in mg per g, of USP Sor

bitol RS in the Standard preparation; Cu is the concentra

tion , in mg per g, of Sorbitol Solution in the Assay 

preparation; ■2 
and ru and rs are the peak responses obtained from the Assay prep

aration and the Standard preparation, respectively. 

BRIEFING 

Spironolactone, USP 26 page 1709. On the basis of comments 

received, it is proposed to further revise the procedure in the Assay. 

The components of the Mobile phase, the column dimensions, and 

the UV detector wavelength are changed. This revision proposal 

affects the Assay under Spironolactone Tablets as well. From the 

validation data received, it is proposed that this revised procedure 

also be applied under Spironolactone Tablets. 

(PAS : A. Wilk) RTS- 36568-1 

Change to read: 

Assay-
Mobile phase- Prepare a mixture of methanol and Q.Q2 M si'ea 

sie ammoRittm flHOSflkate 

•water .i.usn1 
(60:40). Degas the m:iJtRire i1½ ,·aottttm ;,oith eoat!Rttotts stiFFiag for 

aeottt 3Q ffiHltttes 'eefOfe ttse. 
• ,i.USP27 

Standard preparation- Dissolve an accurately weighed quantity 

of USP Spironolactone RS in a mixture of acetonitrile and water 

f9;-.j.t, 

,i.(5Q:5Q) ,i.USP27 

and dilute quantitatively with the same mixture to obtain a solution 

having a known concentration of about~ 

•o.5 mg 4 USP27 

of USP Sp1ronolactone RS per mL. 

Assay preparation- Transfer about ~ 

•5Q mg ,i.USP27 

of Spironolactone, accurately weighed, to a I 00-mL volumetric 

flask, add a mixture of acetonitrile and water~ 

,i.(50:50) ,i.USP17 

to volume, and mix. 
Chromatographic system (see Chromatography (621 ))- The 

liquid chromatograph is equipped with a~ 

• 230-nm. usn 7 

detector and a 3.9 ffiffi H 3Q em 

·4.6-mm X 15-cm ,i. USP27 

column that contains packing LI. The flow rate is about I mL per 

minute. Chromatograph the Standard preparation, and record the 

peak responses as directed for Procedure: tke eslttffifl. effisieRe~· is 

Rot less !kaa 2QQQ lfleoretieal fllates seteFfAiRes from tlie Sj'lif0R0 

1fe!0Re flealt; 
.i. USP27 

the tailing factor is not more than 2.0; and the relative standard de

viation for replicate injections is not more than 1.5%. [}-IOTl3 Tke 

reteR!ioR time for Sflir0Rolae!0Re is aeott! 11 miRtttes.] 

• ,i.USP27 

Procedure-Separatel y inject equal volumes (about 20 µL) of 

the Standard preparation and the Assay preparation into the chro

matograph, record the chromatograms, and measure the responses 

for the major peaks. Calculate the quantity, in mg, of C24H32O,S in 

the portion of Spironolactone taken by the formula: 

~ .. ,H<,_1; 
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.._lOOC(rul r5),.._ usP27 

in which C is the concentration, in ttg 

.._mg.._USP27 
per mL, of USP Spironolactone RS in the Standard preparation; 

and ru and rs are the spironolactone peak responses obtained from 
the Assay preparation and the Standard preparation, respectively. 

BRIEFING 

Sumatriptan, page 3397 of PF 27(6) [Nov.- Dec. 200 I]. This 
monograph, which previously appeared in Pharmacopeial Pre
views, is now forwarded to In-Process Revision . It is proposed to 
include an identification solution for the Related compounds test. 
Additional changes are made to clarify the procedures and to better 
reflect the approved product. 

(PA3: S. Salado) RTS-38078-1 

Add the following: 

•sumatriptan 

295.40 

I H-lndole-5-methanesulfonamide, 3-[2-( dimethylami

no )ethyl]-N-methyl-. 

3-[2-(dimethylamino)ethyl]-N-methylindole-5-methanesul-

fonamide [103628-46-2] . 

» Sumatriptan contains not less than 98.0 percent 

and not more than 102.0 percent of C 14H 21 N3O2S, 

calculated on the anhydrous and solvent-free ba

sis. 

Packaging and storage-Preserve in tight, light resistant 

containers. Protect from freezing, and store below 3 0°. 

USP Reference standards ( 11 )-USP Suma trip tan RS. 

USP Sumatriptan Succinate RS. USP Sumatriptan Succi

nate Related Compound A RS. USP Sumatriptan Succinate 

Related Compound BC RS. USP Sumatriptan Succinate Re

lated Impurities RS. 

Identification-

A: Infrared Absorption (197M). 

B: The retention time of the major peak in the chroma

togram of the Assay preparation corresponds to that in the 

chromatogram of the Standard preparation, as obtained in 

the Assay. 

Water, Method I (92 I): not more than 1.0%. 

Limit of sumatriptan succinate related compound A

l O M Ammonium acetate solution-Dissolve 77 .1 g of 

ammonium acetate in 100 mL of water. 

Mobile phase-Prepare a filtered and degassed mixture of 

methanol and JO M Ammonium acetate solution (9: !). Make 

adjustments if necessary (see System Suitability under 

Chromatography ( 621) ). 

Standard solution-Dissolve an accurately weighed 

quantity of USP Sumatriptan Succinate Related Compound 

A RS in Mobile phase, and dilute quantitatively, and step

wise if necessary, with Mobile phase to obtain a solution 

having a known concentration of about 0.00625 mg per mL. 

Test solution-Transfer about 100 mg of Sumatriptan, ac

curately weighed, to a 50-mL volumetric flask, dissolve in 

and dilute with Mobile phase to volume, and mix. 

Chromatographic system (see Chromatography (62 1)}

The liquid chromatograph is equipped with a 282-nm detec

tor and a 4.6-mm x 25-cm column that contains 5-µm 

packing L3. The flow rate is about 2.0 mL per minute. Chro

matograph the Standard solution, and record the peak re

sponses as directed for Procedure: the relative standard 

deviation for replicate injections is not more than 5%. 
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Procedure-Separately inject equal volumes (about 20 

µL) of the Standard solution and the Test solution into the 

chromatograph, record the chromatograms, and measure the 

responses for the major peaks. Calculate the percentage of 

sumatriptan succinate related compound A in the portion of 

Sumatriptan taken by the formula: 

100( 495. 7 /613 .8)( Cs lCu)(r ulrs), 

in which 495.7 and 613.8 are the molecular weights ofsu

matriptan related compound A and sumatriptan succinate re

lated compound A, respectively; Cs is the concentration, in 

mg per mL, of USP Sumatriptan Succinate Related Com

pound A RS in the Standard solution; Cu is the concentra

tion, in mg per mL, of Sumatriptan in the Test solution; and 

ru and rs are the peak responses for sumatriptan succinate 

related compound A obtained from the Test solution and 

the Standard solution, respectively: not more than 0.6% is 

found . 

ChFaHte*agrephie pttFi*)· Related compounds

Di{tw11t and kf.8hitcpl-u,.se Prepare as direeted in the As 

Stty:-

Resohilion solt1tio11 Prepare as direoted for tho Sj·ste111 

sttit-ahilitj• so{t1ti011 in the Asst1y 

Diluent and System suitability solution-Proceed as direc

ted in the Assay. 

Buffer solution-Dissolve about I. 7 mL of dibutylamine, 

about 0.6 mL of phosphoric acid, and about 3.9 g ofmono

basic sodium phosphate dihydrate in water. Adjust to a pH 

of about 7.5 with a solution of 50 % (w/v) sodium hydrox

ide, and dilute with water to 1000 mL, and mix. 

Mobile phase-Prepare a filtered and degassed mixture of 

Buffer solution and acetonitrile (3: 1). Make adjustments if 

necessary (see System Suitability under Chromatography 

(621)). 

Identification solution-Prepare a solution of USP Suma

triptan Succinate Related Impurities RS in Mobile phase 

having a concentration of about 3 mg per mL. 

Test solution-Dissolve an accurately weighed quantity of 

Sumatriptan in Diluent to obtain a solution having a concen

tration of about 2 mg per mL. 

C,~romato-grctphie Sj'Btem (see Chramato-gr·ttpltj' (rn)t

Prepere as di-rooted in the Assa,·. GRFoHtatogrepk tko Rcso 

lt1ti011 solt1tio11, and reeord ilie peak respeases as di-rooted for 

P1-aeedw'C3: the relati,·e reteatioa times aFe 0001:tt G.8 foF s1:t 

matriptaa s1:teeiaate Felated OOffifJOtmd B aad l .G for S1:tffia 

triptoa; and the Fesol1:ttion, R, eet\lreen S1:tffiatriptOH s1:teeiaate 

related e0FHpo1:md B aad s1:tmotfiptoa is not less tkaa 1.5 . 

Proeedttre lnjeot a ,·0!1:tffiO (ae01::1t 1G µL) ef tke 'Fest 

soltt1io11 into ilie ohFomatogrnph, reeord tke ekreFHatogrnffi, 

and FHeosl:lfe all of tke pealc areas. Cale1:1late the pereeatage 

of eaok irftp1:1Fit)' ia tke portion of S1:1HtatriptOH taken e;r ilie 

fornmla: 

-I-00+,+-F,t; 

in whieh r, is the pealc respoase for eaeh iFHp1:1rit)'; and r, tS 

the St:lffi of the responses of all of the pealcs: aet FHore than 

G.2% of aa;' iFHp1:1fit)' with a relati,,e reteatioa tiffie of aeo1:1t 

G.26 is fot:1nd; net ffiOre than G.5% of OH;' iFHpt:1rities wiili 

rolatiYe retentioa tiFHes of aeot:1t G.58 or aeot:1t G.79 ere 

fot:1nd; not ffiore iliaa G.3% ef ea;' otker ifflp1:tfit)' is fo1:1ad; 

a11d the total of all ifflpl:lfities, inelt:1ding the aHto1:1at fo1:1nd in 

the test for Limit o:fst1111at1·ipt-a11 s1;wei11t1te :•elated eo11tf)Otmd 

A, is aet ffiOre ilian 1.5%. 

Chromatographic system ( see Chromatography ( 621 ) )

The liquid chromatograph is equipped with a 282-nm detec

tor and a 4.6-mm x 25-cm column that contains 5-µm 

packing L 1. The flow rate is about 1.5 mL per minute. Chro

matograph the System suitability solution, and record the 

peak responses as directed for Procedure: the relative reten-
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tion times are about 0.9 for sumatriptan succinate related 

compound C and 1.0 for sumatriptan; the resolution, R, be

tween sumatriptan succinatc related compound C and suma-

triptan is not less than 1.5. Chromatograph the Identification 

solution, and record the peak responses as directed for 

Procedure: identify the peaks according to Table 1. 

Table I 

Compound name Relative retention time Limit (%) 

[3-[2-( dimethylamino N-ox ide )ethyl]-1 H-indol-5-y l]-N-methy lmethanesul fonamide 

[3-[2-(methylamino )ethy l]-1 H-indol-5-yl]-N-methylmethanesul fonamide 

Sumatriptan succinate related compound C 

about 0.3 

about 0.6 

about 0.9 

0.2 

0.5 

0.5 

Sumatriptan succinate 1.0 

[3-[2-( aminoethy 1)-1 H-indo 1-5-y l]-N-methy lmethanesul fonami de 

Unknown impurities 

about 0.4 0.1 

0.1 

Total 1.5 

[NOTE-The calculation of total impurities includes the amount of sumatriptan related compound A, determined in the test 

for Limit of sumatriptan succinate related compound A.] 

Procedure-Inject a volume (about 10 µL) of the Test 

solution into the chromatograph, record the chromatogram, 

and measure all of the peak responses. Calculate the percen

tage of each impurity in the portion of Sumatriptan taken by 

the formula: 

1 OO(r, I r,), 

in which r; is the peak response for each impurity, and rs is 

the sum of the responses of all the peaks: meet the require

ments given in Table 1. 

Organic volatile impurities, Method JV (467): meets the 

requirements. 

Assay-

Dih.e11t DissolYe 2.59 g of mo11oeasie soElit:tm 13hos 

13hate iH €i00 mL of water, aejt:tst to a 13W of €i .5 with a solt:t 

tioa of 50% (w,'y) soElit:tffl h)1ElrmciEle, Elilt:tte to 750 mL with 

water, aEld 250 mL of aeetoHitrile, aad ffli)( . 

Mabi!ephase Disso!Ye 0.97 g ofEliet:tt)•lamiHe, 0.735 g 

of 13hos13horie aeiEI, Elfl.6 2.59 g of moHeeasie soElit:tm 13hos 

13hate if! 750 mL of water, aejt:tst to a 13H of €i.5 ·,vith a solt:t 

tioH of50% (wiv) soElit:tm h)1ElroiciEle, aaEI dilt:tte to lOOO mL 

with water. Miic 750 mL of the solt:t~oH so oetaiHed with 

250 tflL of aeetoHitrile, tfliic, filter, aHEI Elegas. Make aEljt:tst 

tfleHts if Heeessar)' (see &)'Stem Suitability t:tHEler 

G11"0ma,eg1•sph)· (rn)r-

Diluent-Dissolve 3.9 g of monobasic sodium phosphate 

dihydrate in water. Adjust with a solution of 50 % (w/v) so

dium hydroxide to a pH of about 6.5, and dilute to 1000 mL 

with water. Mix 750 mL of this solution with 250 mL of 

acetonitrile. 

Buffer solution-Dissolve about 1. 7 mL of dibutylamine, 

about 0.6 mL of phosphoric acid, and about 3.9 g of mono

basic sodium phosphate dihydrate in water. Adjust with a 

so lution of 50 % (w/v) sodium hydroxide to a pH of about 

6.5, and dilute with water to 1000 mL, and mix. 

Mobile phase-Prepare a filtered and degassed mixture of 

Buffer solution and acetonitrile (3: 1 ). Make adjustments if 

necessary (see System Suitability under Chromatography 

(62 1)). 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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System suitability solution-Dissolve accurately weighed 

quantities of USP Sumatriptan Succinate RS and USP Su

matriptan Succinate Related Compound B C RS in Diluent 

to obtain a solution having known concentrations of about 

~ 0.28 mg per mL and G-:G+ 0.14 mg per mL, respectively. 

Standard preparation-Dissolve an accurately weighed 

quantity of USP Sumatriptan Succinate RS, and dissolve 

in Diluent to obtain a solution having a known concentra

tion of about 0.14 mg per mL. 

Assay preparation-Transfer about l 0 mg of Sumatrip

tan, accurately weighed, to a l 00-mL volumetric flask. Dis

solve in and dilute with Diluent to volume, and mix. 

Ch1<amcile~ a-phic Sy':Slcm (see C~1'Bmcileg1-aplty• (e-U)t-

Tl=ie liqHie ehremategntpl=i is eqHippee witl=i a 282 nm eetee 

ter ane a 4. 6 mm lE 25 em ee lumn tl=iat eentains 5 1±m 

paeking Ll. Tl=ie flew rate is abeut 1.5 mL per minute. Cl=ire 

mategrapl=i tl=ie &J':Slcm mlifflhilit),• selt1hm1 ane tl=ie Slci11dtird 

JJl'Cflcll'cllie,1, ane reeere tl=ie pealc respenses flS eireetee fer 

P, '<3ccdt:t, c: tl=ie relatiYe retentien tiffleS are abeut O.& fer su 

matriptan sueeinate Felatee eempeune B one 1.0 fer suma 

triptan; the reselutien, R, between sumatriptan sueeinate 

relates ee¥Apeune B ane sumatriptan is net less than 1.5; 

ane tl=ie relati1,e staneaFe ee~·iation fer replicate ifl:ieetions 

of the S1ci11dtird prcpcirnlien is net mere than 1 .5~<,. 

Chromatographic system (see Chromatography ( 621 ) }

The liquid chromatograph is equipped with a 282-nm detec

tor and a 4.6-mm x 25-cm column that contains packing 

Ll. The flow rate is about 1.5 mL per minute. Chromato

graph the System suitability solution, and record the peak 

responses as directed for Procedure: the relative retention 

times are about 0.9 for sumatriptan succinate related com

pound C and 1.0 for sumatriptan; the resolution, R, between 

sumatriptan succinate related compound C and sumatriptan 

is not less than 1.5 . Chromatograph the Standard prepara-

tion, and record the peak responses as directed for Proce

dure: the relative standard deviation for replicate 

injections is not more than 1.5%. 

Procedure-Separately inject equal volumes (about 10 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the areas for the major peaks. Calculate the amount 

of C 14H 21 N30 2S, in mg, in the portion of Sumatriptan taken 

by the formula: 

(295.4/413.5)1 00C(rul rs), 

in which 295 .4 and 413 .5 are the molecular weights of su

matriptan and sumatriptan succinate, respectively; C is the 

concentration, in mg per mL, of USP Sumatriptan Succinate 

RS in the Standard preparation; and ru and rs are the peak 

responses for sumatriptan obtained from the Assay prepara

tion and the Standard preparation, respectively . .._usn7 

BRIEFING 

Sumatriptan Nasal Spray, page 3400 of PF 27(6) [Nov.- Dec. 
200 I]. This monograph, which previously appeared in Pharmaco
peial Previews, is now forwarded to In-Process Revision. Proposed 
changes are editorial in nature and correspond to the revisions 
made in the monograph for Sumatriptan , appearing elsewhere in 
this number of PF. 

(PA3 : S. Salado) RTS- 38078-2 

Add the following: 

•sumatriptan Nasal Spray 

» Sumatriptan Nasal Spray is an aqueous, buf

fered solution of Sumatriptan. It is supplied in a 

form suitable for nasal administration. It contains 
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not less than 90.0 percent and not more than 110.0 

percent of the labeled amount of sumatriptan 

(C14H21N302S). 

Packaging and storage--Preserve in tight, light-resistant 

containers, and store between 2° and 30°. 

USP Reference standards ( 11 )-USP Sumatriptan Succi

nate RS . USP Sumatriptan Succinate Related Compound A 

RS. USP Sumatriptan Succinate Related Compound B C RS. 

Identification, Infrared Absorption ( I 97M)-

Test specimen-To the contents of one vial ofNasal Spray 

add 1 mL ofa saturated sodium chloride solution . Add 1 rnL 

of a saturated solution of sodium carbonate, and shake vig

orously for about 30 seconds. To the solution so obtained, 

add 2 rnL of isopropyl alcohol, shake vigorously for about 

30 seconds, and allow to stand until the phases separate. 

Transfer the organic phase to a suitable glass vial. Repeat 

the extraction with a second 2-mL portion of isopropyl al

cohol, and transfer the organic phase to the same vial. Eva

porate the solution under a stream of nitrogen . Dry the 

residue in an oven at I 00° for 30 minutes, allow to cool 

to room temperature in a desiccator, and prepare a mull by 

the addition of 1 to 2 drops of mineral oil. 

Microbial limits ( 61 )-It meets the requirements of the 

tests for absence of Staphylococcus aureus, Pseudomonas 

aeruginosa, and Bile Tolerant Organisms. The total aerobic 

microbial count does not exceed 100 per mL. 

pH (791): between 5.0 and 6.0. 

Deliverable volume--Test 10 vials separately. Weigh each 

vial before and after actuation, and calculate the individual 

volume delivered, in µL, by the formula: 

in which W1 and W2 are the weights, in mg, of the individual 

vials before and after actuation, respectively; and D is the 

density of the nasal solution. Calculate the mean volume de

livered. The volume of each spray delivered is between 80 

and 120 µL, and the mean volume is between 90 and 110 

µL. 

Limit of related compound A-

10 M Ammonium acetate solution, Mobile phase, and 

Chromatographic system-Proceed as directed in the test 

for Limit of related compound A under Sumatriptan. 

Standard solution-Dissolve an accurately weighed 

quantity of USP Sumatriptan Succinate Related Compound 

A RS in Mobile phase, and dilute quantitatively, and step

wise if necessary, with Mobile phase to obtain a solution 

having a known concentration of about 0.007 mg per mL 

(equivalent to about 0.005 mg per mL of C14H21N3O2)-

Test solution-Dissolve an appropriate volume of Nasal 

Spray in Mobile phase to obtain a solution having a concen

tration of about 1.0 mg of sumatriptan per mL. 

Procedure- Proceed as directed in the test for Limit of re

lated compound A under Sumatriptan . Calculate the percen

tage of sumatriptan succinate related compound A in the 

portion of Nasal Spray taken by the formula: 

I 00(495 . 7/6 l 3.8)(CslCu)(rulr5), 

in which the terms are as defined therein. Not more than 

1.5% is found . 

Chremaf:egFt1phie purif:y Related compounds-

Diluent, Buffer solution, Mobile phase, Standard pre

paration, System suitability solution, and Chromato

graphic system- Prepare as directed in the Assay under Su

matriptan. 
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S,·stem s~1i1tthilit)' seh1tiel'I Dissol\•e 0:eel:tf0:tel)• weigl,eEI 

tttH¼Htities of USP S1:1m0:trifHB:H StteeiHate RS aaEI USP Stt 

matriritaH S1:1eeiHate Relates Compo1:1HEI B RS iH Diltm1t 

to obta:iH 0: sol1:1tioH AEl','iHg lffiOWH eoHeeHt-fB:tioHs of 0:bo1:1t 

1.4 mg per mL 0:HEI 0.001 fflg fler mL, resfleeth•el)'. 

Test solution- Dissolve an appropriate volume of Nasal 

Spray in Diluent to obtain a solution having a concentration 

of about 1.0 mg of sumatriptan per mL. 

Procedure-Proceed as directed for Chrmm:ttegrflfjhie 

~Related compounds under Sumatriptan. Calculate 

the percentage of each impurity in the portion of Nasal 

Spray taken by the formula: 

1 00F;(r; Ir,), 

in which Fis the relative response factor, which is equal to 

2.89 for any impurity with a relative retention time of 0.46, 

4.55 for any impurity with a relative retention time of 0.64, 

and 1.0 for all other impurities; and the otj1er terms are as 

defined therein . Not more than 1.5% of any impurity is 

found, and the total of all impurities, including the amount 

found in the test for Limit of related compound A, is not 

more than 4.0%. 

Assay-

Diluent, Buffer solution, Mobile phase, System suit

ability solution, Standard preparation, and Chromato

graphic system-Proceed as directed in the Assay under Su

matriptan. 

Assay preparation-Dissolve an appropriate volume of 

Nasal Spray in Diluent to obtain a solution having a known 

concentration of about 1.0 mg of sumatriptan per mL. 

Procedure-Proceed as directed in the Assay under Su

m at rip tan. Calculate the amount of sumatriptan 

(C 1.J{21N30 2S), in mg, in the portion of Nasal Spray taken 

by the formula: 

(295.4/413 .5)C5 D(r ulr5), 

in which C5 is the concentration, in mg per mL, of sumatrip

tan succinate in the Standard preparation; D is the dilution 

factor used in preparing the Assay preparation; and the 

other terms are as defined therein . ..._usn7 

BRIEFING 

Terazosin Hydrochloride, page 369 of PF 28(2) [March- April 

2002]. It is proposed to revert to Diluent 2 previously used for the 

preparation of Standard stock solution 3 in the test for Related 

compounds. This proposal is based on the observation of partial 

solubility of terazosin related compound C in the former solvent. 

(PAS: A. Wilk) RTS- 38581-1 

Add the following: 

~Terazosin Hydrochloride 

CH,O N I\ ~ 0 

'fArQ');\ _ _/N-CLJ • HCI • 2H
2
0 

CH,O ~ 

NH2 

C,9H2sNs04 · HCI · 2H20 ~459.92 

Piperazine, 1-( 4-amino-6, 7-dimethoxy-2-quinazolinyl)-4-

[(tetrahydro-2-furanyl)carbonyl]-, monohydrochloride, 

dihydrate. 

1-( 4-Amino-6, 7-dimethoxy-2-q uinazolinyl)-4-( tetrahydro-

2-furoyl)piperazine monohydrochloride dihydrate 

[70024-40-7]. 

Anhydrous 423 .89 [63074-08-8]. 

» Terazosin Hydrochloride contains not less than 

98.0 percent and not more than 102.0 percent of 

C19H2sNsO4 · HCl, calculated on the dried basis. 
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Packaging and storage-Preserve in well-closed con

tainers. 

USP Reference standards ( 11 )-USP Terazosin Hydro

chloride RS. USP Terazosin Related Compound A RS. 

USP Terazosin Related Compound E B RS. USP Terazosin 

Related Compound ~ C RS. 

Color and clarity of solution- Dissolve a quantity of Ter

azosin Hydrochloride in methanol solution (90 in 100) to 

obtain a 1 in 100 solution: this solution is clear and colorless 

to pale yellow, when compared to methanol solution (90 in 

100). 

Identification-

A: Infrared Absorption ( 197K). 

B: The retention time of the major peak in the chroma

togram of the Assay preparation corresponds to that in the 

chromatogram of the Standard preparation , as obtained in 

the Assay. 

C: It meets the requirements of the tests for Chloride 

( I 9 I), a solution prepared by dissolving I 00 mg in IO mL 

of methanol solution (90 in I 00) being examined. 

Loss on drying (731 )-Dry it in vacuum at J 05 ° for 3 

hours: it loses not more than 9.0% of its weight. 

Residue on ignition (281 ): not more than 0.2%, determined 

on a 1.0-g specimen. 

Heavy metals, Method II (231): 0.002%. 

Limit of tetrahydro-2-furancarboxylic acid-

Blank solution-Transfer 2.0 mL of glacial acetic acid to a 

I 00-mL volumetric flask, dilute with acetone to volume, 

and mix . Mix 5.0 mL of this solution and 5.0 mL of acetone, 

pass through a nylon membrane filter having a 0.45-µm or 

finer porosity, previously washed with acetone, and discard 

the first 1 mL of the filtrate. 

Internal standard solution-Transfer about l 00 mg of 

capric acid, accurately weighed, to a 100-mL volumetric 

flask, dissolve in and dilute with acetone to volume, and 

mix . Transfer 10.0 mL of this solution and 2.0 mL of glacial 

acetic acid to a 100-mL volumetric flask, dilute with acetone 

to volume, and mix. 

Standard stock solution-Dissolve an accurately weighed 

amount of tetrahydro-2-furancarboxylic acid in acetone to 

obtain a solution having a known concentration of about 

1.0 mg per mL. Dilute with acetone quantitatively, and step

wise if necessary, to obtain a solution having a known con

centration of about I 00 µg per mL. 

Standard solution-Transfer 5.0 mL of the Standard stock 

solution and 5.0 mL of Internal standard solution to a 50-

mL centrifuge tube, and mix. Pass through a nylon mem

brane filter having a 0.45-µm or finer porosity, previously 

washed with acetone, and discard the first 1 mL of the fil

trate. 

Test solution-Transfer about I 00 mg of Terazosin 

Hydrochloride, accurately weighed, to a 50-mL centrifuge 

tube, add 5.0 mL of acetone and 5.0 mL of Internal standard 

solution, and shake for about 30 minutes. Centrifuge for 

about 10 minutes, pass through a nylon membrane filter 

having a 0.45-µm or finer porosity, previously washed with 

acetone, and discard the first 1 mL of the filtrate. 

Chromatographic system (see Chromatography ( 621) )

The gas chromatograph is equipped with a flame-ionization 

detector and a 0.53-mm x 10-m fused-silica capillary col

umn coated with a 1.2-µm film of liquid phase G25. The . 

column temperature is maintained at about 170°. The injec

tor is configured for splitless injection, and its temperature is 

maintained at about 230°. The detector temperature is main

tained at about 240°. The carrier gas is helium, flowing at a 

rate of about 9 mL per minute. Chromatograph the Blank 

solution, and measure the peak responses as directed for 

Procedure: ensure that there are no extraneous peaks. Chro

matograph the Standard solution, and measure the peak re

sponses as directed for Procedure: the relative retention 
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times are 1.0 for tetrahydro-2-furancarboxylic acid and 1.2 

for capric acid; the resolution, R, between tetrahydro-2-fur

ancarboxylic acid and capric acid is not less than 2.3; and 

the relative standard deviation, detennined from the peak re

sponse ratios of tetrahydro-2-furancarboxylic acid to capric 

acid for replicate injections is not more than 6.5%. 

Procedure-Separately inject equal volumes (about 0.2 

µL) of the Standard solution and the Test solution into the 

chromatograph, record the chromatograms, and measure the 

peak responses. Calculate the percentage of tetrahydro-2-

furancarboxylic acid in the portion of Terazosin Hydro

chloride taken by the fonnula: 

I00(C/W)(Rul Rs), 

in which C is the concentration, in µg per mL, oftetrahydro-

2-furancarboxylic acid in the Standard solution; Wis the 

weight, in mg, ofTerazosin Hydrochloride taken to prepare 

the Test solution; and Ru and Rs are the peak response ratios 

obtained from the Test solution and the Standard solution, 

respectively: not more than ~ 0.1 % is found. 

Limit of 1-[(tetrahydro-2-furanyl)carbonyl]pipera

zine--

Derivatization solution-Dissolve about 2.0 g of3,5-dini

trobenzoyl chloride in 250 mL of acetonitrile. 

Phosphate buffer solution-Transfer about 96.3 g of di ba

sic potassium phosphate and 3 .85 g ofmonobasic potassium 

phosphate, each accurately weighed, to a 500-mL volu

metric flask. Dissolve in and dilute with water to volume. 

Adjust with phosphoric acid solution (10 in 100) or sodium 

hydroxide solution (10 in 100) to a pH of8.0 ± 0. 1. Trans

fer 25.0 mL of this solution to a I 00-mL volumetric flask, 

and dilute with water to volume. Adjust with phosphoric 

acid solution ( 10 in I 00) or sodium hydroxide solution 

(10 in 100) to a pH of8.0 ± 0.1. 

Solution A-Use filtered and degassed water. 

Solution B-Use filtered and degassed acetonitrile. 

Mobile phase-Use variable mixtures of Solution A and 

Solution B as directed for Chromatographic system. Make 

adjustments if necessary (see System Suitability under 

Chromatography ( 621) ). 

Blank solution-Use acetonitrile. 

Standard solution-Dissolve an accurately weighed 

quantity of l-[(tetrahydro-2-furanyl)carbonyl]piperazine in 

acetonitrile to obtain a solution having a known concentra

tion of about 1.0 mg per mL. Dilute quantitatively, and step

wise if necessary, with acetonitrile, to obtain a solution 

having a known concentration of about 5 µg per mL. 

Test solution-Transfer about 125 mg of Terazosin 

Hydrochloride, accurately weighed, to a 25-mL volumetric 

flask, dissolve in and dilute with a mixture of acetonitrile 

and water (1: l) to volume, and mix. 

Derivatization procedure-Transfer 5-mL portions of the 

Blank solution, the Standard solution, and the Test solution, 

each to a separate 100-mL volumetric flask, and proceed 

with each as follows. Add 5.0 mL of Phosphate buffer solu

tion, and mix. Add 10.0 mL of Derivatization solution while 

swirling, allow to stand at room temperature for about 20 

minutes, and mix. Dilute with a mixture of acetonitrile 

and water (1: 1) to volume, and mix. 

Chromatographic system (see Chromatography ( 621) }

The liquid chromatograph is equipped with a 254-nm detec

tor and a 4 .6-mm x 25-cm analytical column that contains 

packing L 7. The flow rate is 1.5 mL per minute, except it is 
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changed to 2.0 mL per minute during the period between 40 

and 80 minutes. The chromatograph is programmed as fol

lows. 

Time Solution A Solution B 

(minutes) (%) (%) Elution 

0- 35 82 18 isocratic 

35-40 82--+ 10 18--+90 linear gradient 

40-75 10 90 isocratic 

75-80 10--+82 90--+ 18 linear gradient 

80-100 82 18 isocratic 

Separately inject equal volumes (about 50 µL) of the deri

vatized Blank solution and the derivatized Standard solu

tion, and measure the peak responses as directed for 

Procedure, ensuring that the peaks in the chromatogram 

of the derivatized Standard solution that correspond to those 

obtained from the derivatized Blank solution do not interfere 

with the determination: the retention time for l-[(tetrahydro-

2-furanyl)carbonyl]piperazine is more than 22 minutes; the 

column efficiency is not less than 3500 theoretical plates; 

and the relative standard deviation for replicate injections 

is not more than 3.0%. 

Procedure-Separately inject equal volumes (about 50 

µL) of the derivatized Standard solution and the derivatized 

Test solution into the chromatograph, record the chromato

grams, and measure the peak areas. Calculate the percentage 

of 1-[(tetrahydro-2-furanyl)carbonyl]piperazine in the por

tion of Terazosin Hydrochloride taken by the formula: 

2500(C/W)(rul rs), 

in which C is the concentration, in mg per mL, of l-[(tetra

hydro-2-furanyl)carbonyl]piperazine in the Standard solu

tion; Wis the weight, in mg, of Terazosin Hydrochloride 

taken to prepare the Test solution; and ru and rs are the peak 

areas for l-[(tetrahydro-2-furanyl)carbonyl]piperazine deri-

vative obtained from the derivatized Test solution and the 

derivatized Standard solution, respectively: not more than 

0.1 % is found. 

Related compounds-

pH 3.2 Citrate buffer, Standard stock preparation, and 

Mobile phase-Proceed as directed in the Assay. 

Diluent I-Dissolve 6.0 g of sodium citrate and 4.0 g of 

anhydrous citric acid in water, dilute with water to 1.0 liter, 

and mix. 

Diluent 2-Prepare a mixture of water, acetonitrile, and 

methanol (60:30: 10). 

Standard stock solution I-Dissolve an accurately 

weighed quantity of USP Terazosin Related Compound A 

RS in Diluent 1, and dilute with Diluent I to obtain a solu

tion having a known concentration of about 0.5 mg per mL. 

Standard stock solution 2-Dissolve an accurately 

weighed quantity of USP Terazosin Related Compound B 

B RS in methanol, and dilute with methanol to obtain a solu

tion having a known concentration of about 0.5 mg per mL. 

Standard stock solution 3-Dissolve an accurately 

weighed quantity of USP Terazosin Related Compound :1-

C RS in Diluent 2, a miictl:lre ef eeeteHitrile eHEI med~eHel 

~ and dilute with Diluent 2e miicture ef eeeteHitrile 

&fie medteHel (1: 1) to obtain a solution having a known con

centration of about 0.1 mg per mL. 

Standard solution-Transfer 5.0 mL of Standard stock 

preparation, 4.0 mL of Standard stock solution I, 4.0 mL 

of Standard stock solution 2, and 20 mL of Standard stock 

solution 3 to a 100-mL volumetric flask containing about 60 

mL of Diluent 2. Dilute with Diluent 2 to volume, and mix. 

Transfer 10.0 mL of this solution to a 100-mL volumetric 

flask, dilute with Mobile phase to volume, and mix. 

Test solution-Use the Assay stock preparation. 
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Chromatographic system-Prepare as directed in the As

say. Chromatograph the Mobile phase, and record the peak 

responses as directed for Procedure: ensure that there are no 

significant interfering peaks. Chromatograph the Standard 

solution, and record the peak responses as directed for 

Procedure: the relative retention times are about 0.2 for ter

azosin related compound A, 1.0 for terazosin, -h94 1.48 for 

terazosin related compound B B, and 2.57 for terazosin re

lated compound F C ; the resolution, R, between terazosin 

and terazosin related compound BB is not less than 9.0; the 

column efficiency determined from the terazosin peak is not 

less than 12,000 theoretical plates; the tailing factor for the 

terazosin related compound F C peak is not more than 3.0; 

and the relative standard deviation for replicate injections 

determined from the terazosin peak is not more than 

2.0%, and not more than 5.0% determined from the terazo

sin related compound F C peak. 

Procedure-Separately inject equal volumes (about 20 

µL) of the Standard solution and the Test solution into the 

chromatograph, record the chromatograms for about 60 

minutes, and measure the peak responses. Separately calcu

late the quantities, in mg, of terazosin related compound A 

and terazosin related compound Fe in the portion of Tera

zosin Hydrochloride taken by the formula: 

200C(rul rs), 

in which C is the concentration, in mg per mL, of the appro

priate USP Reference Standard in the Standard solution; 

and ru and rs are the peak responses for the corresponding 

related compound obtained from the Test solution and the 

Standard solution, respectively: not more than 0.3% ofter

azosin related compound A is found; and not more than 

0.4% ofterazosin related compound F C is found. Calculate 

the quantity, in mg, of each impurity in the portion of Ter

azosin Hydrochloride taken by the formula: 

200C(rJ rr), 

in which C is the concentration, in mg per mL, of USP Ter

azosin Hydrochloride RS in the Standard solution; r; is the 

peak response for each impurity, other than terazosin related 

compound A and terazosin related compound F C, obtained 

from the Test solution; and rr is the terazosin peak response 

obtained from the Standard solution: not more than 0.3% of 

any impurity eluting prior to the terazosin peak is found; not 

more than ~ 0.1 % of any other impurity is found; and 

not more than H% 0.6% of total impurities is found. 

Assay-

pH 3.2 Citrate buffer-Dissolve 12.0 g of sodium citrate 

dihydrate and 28.5 g of anhydrous citric acid in 1.95 liters of 

water. Adjust with anhydrous citric acid or sodium citrate to 

a pH of 3.2 ± 0.1. Dilute with water to 2.0 liters, and mix. 

Mobile phase-Prepare a filtered and degassed mixture of 

pH 3.2 Citrate buffer and acetonitrile (1685:315). Make ad

justments if necessary (see System Suitability under 

Chromatography ( 621) ). 

Standard stock preparation-Dissolve an accurately 

weighed quantity of USP Terazosin Hydrochloride RS in 

Mobile phase, and dilute with Mobile phase to obtain a solu

tion having a known concentration of about 0.5 mg per mL. 

Standard preparation-Transfer 10.0 mL of Standard 

stock preparation to a 50-mL volumetric flask, and dilute 

with Mobile phase to volume. Transfer 10.0 mL of this solu

tion to a 100-mL volumetric flask, dilute with Mobile phase 

to volume, and mix. 

Assay stock preparation- Transfer about 100 mg of Ter

azosin Hydrochloride, accurately weighed, to a 200-mL 

volumetric flask, dissolve in and dilute with Mobile phase 

to volume, and mix. 
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Assay preparation- Transfer l 0.0 mL of Assay stock 

preparation to a 50-mL volumetric flask, dilute with Mobile 

phase to volume, and mix. Transfer 10.0 mL of this solution 

to a 100-mL volumetric flask, dilute with Mobile phase to 

volume, and mix. 

Chromatographic system (see Chromatography ( 621 ) )

The liquid chromatograph is equipped with a 254-nm detec

tor and a 4.6-mm x 25-cm column that contains packing 

L 7. The column temperature is maintained at about 30°. 

The flow rate is about 1.0 mL per minute. Chromatograph 

the Mobile phase, and record the peak responses as directed 

for Procedure: ensure that there are no significant interfer

ing peaks. Chromatograph the Standard preparation, and 

record the peak responses as directed for Procedure: the col

umn efficiency is not less than 12,000 theoretical plates; the 

tailing factor is not less than 0.9 and not more than 1.3; and 

the relative standard deviation for replicate injections is not 

more than 0.9%. 

Procedure-Separately inject equal volumes (about 20 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms for about 

45 minutes, and measure the peak responses. Calculate the 

quantity, in mg, of C19H25N50 4 · HCl in the portion of Tera

zosin Hydrochloride taken by the formula: 

1 0,000C(rul rs), 

in which C is the concentration, in mg per mL, of USP Ter

azosin Hydrochloride RS in the Standard preparation; and 

ru and rs are the peak responses obtained from the Assay 

preparation and the Standard preparation, respec

tively. 11,. UsP21 

BRIEFING 

Thiabendazole, USP 26 page 18 I 0. 

(PA7: B. Davani) RTS- 39407-1 

Erratum: 

Definition, lines 2 and 3: Change "calculated on the anhydrous 
basis." to : calculated on the dried basis. 

BRIEFING 

Thiacetarsamide, USP 26 page 1812; Thiacetarsamide So
dium Injection, USP 26 page 1813. It is proposed to delete these 
monographs because the articles are no longer used in the United 
States. 

(VET: I. DeVeau) RTS- 37118-1 

Delete the following: 

•Thiaeetarsamide 

D 

HD 

C11~~8. 377.27 

D 

S, ,S 
As OH 

BeRzaffliae, /3 eis(eareeiE;'1fleth; ltnerea13te)arsine . 
4 Gfl!Baffi;•l13heR'.1"I eiseareei,yffleth;·lthiearseRite f511 72 &]. 

)➔ Thiaeetarsamide eoatai-as aot less thaa 95.0 peFeeat 
aad aot m.ore thaa 101.0 pereent of C~~~; 
ealeulated OH the dried easis. 

Pael,agiRg af!d steFage PreserYe iR well elesed eeRtaiRers. 

LaeeliRg Laeel it te iRdieate that it is fer , eterinary use eAly. 
USP RefeFeRee staRdaFds (+t-) USP Thifleelfli~flmitie RS. 

ldeRtifieatieR .~ifrttreti Ab1i01plien (1-97~} 
Melting Fltnge ('74-1-): eetweef! !6Q0 aRa 168°. 
Less en drying (+;+) Dr)' it iR ,·aeut:tffi at I QS 0 fer 4 heurs: it 
lases f!Bt !flare thaf! 2.Q% ef its weight. 
Lifflit ef ltfflffleRiuffl salts ~IGTlo Preteet all aeidie selt:ttiBR9 
ffBffi air.) 
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Sttt11titt,,orJa8lHti811a Dissoh·e an aee1:1ratel;1 n•eighea q1:1anti~• of 
a11tffU!ni1:1ffi ohleriae, f'FO, ie1:1sl; eriea fer 3 he1:1rs at IQQ0

, q1:1anti 
tati,1ely in .. ater te eetain a sel1:1tien ha,·ing a lffio .. n eoneentration 
efaeo1:1t 5 ffig !"er fflL. Transfer 199.9 fflL, I 9.9 fflL, am! 1.9 fflL ef 
this sel1:1tien te three sejlarate I 99Q 1nb ·, oi1:1ffietrie flaslcs , ail1:1te 
.. ith .. ater to ,·olmfle, anti 1flin. These sol1:1tions eontain aeo1:1t 
9.5 fflg, 9.95 tflg, anti 9.995 ffig of affiffleni1:1ffi ehloriae !"er fflL, 
resfJeeti,·el;·. Transfer IQ.Q fflL of the sol1:1tion eontaieing Q.Q5 
liig f'OF fflL te a fe1:1rth I QQQ fflL , oi1:1ffietrie flaslc, ail1:1te ll'ith water 
to ,·ol1:1ffle, anti ffliit. This sol1:1tion eontains aeo1:1t Q.Q995 mg of 
arnrnoni1:1ffi ehloriae !"er fflL. 

10 N&cfi1,1111 h)d, 8'Jf:itie Dissoh•e 4QQ g ofsoai1:1ffi h;·arelliae in 
IQQQ 1'HL of .. ater, ffiaintaining the eontainer in an iee eath .. hile 
the soail:llfl h; arolliae is aissol ,·ing. 

'Feat98,1Hti811 Transfer aeo1:1t I g ofThiaeetarsaffliae, aee1:1ratel;1 

.. eighea, to a eealrnr. Froffi a graa1:1atea eylinaer eontaining 99 fflL 
of water, transfer 5Q fflL to the eealcer, anti stir slow!;·. PrOffifJ!ly 
aaa 2 fflL of}(} ,\1 &thtMI .~ri. 8'Jf:itie, aea rinse the sises of the 
eealcer with the water reffiaining in the grae1:1atea e; lintier, anti stir 
sle,d;•. As soon as the Thiaeetarsaffiiae aisseh·es , flFBeeea 
fJrOlflfJtl;• as aireetea 1:1naer A 8CCCH,/, e. 

P1'6eecht1'C Use a f'II ffieter (see pH (+9-t )) eal"aele of a rnini 
ffil:llfl refJrOa1:1eieilit, of J_ Q.2 ffiVana eq1:1ijljle8 "ith an ammonia 
Sfleeifie ien inaieating eleetroae aea a ealornel referenee eleetroae. 
Stir the 'Feat a8!Hti8,1 slo ,dy. h-nffierse the eleetreaes in the 'Feat 
98htli8,I, eeing eareful not to tFiifl an;· air e1:1eeles l:lf!Ser the elee 
troaes . After I fflin1:1te ffieas1:1re the f'Otential, in ffiV. [l>lon; Rit½Se 
anti er;· the eleetrecles between 1-neast:1rernents.] Then, working 
with one S1tt,1titt, ti B8lHli8,1 at a tiffie, transfer JQQ fflL to a 15Q 
fflL eealcer, anti Nhile stiffing sle ,..!;• ifflffierse the eleetroaes in 
the solt:ttion, eeing eareful not to lrafl an;• air lrnee les 1:1naer the 
eleetroaes. Asa ] 1-nL of J(} A' &tiitull n,ri. 8'Jf:itie, stir slowly, anti 
after I fflin1:1te ffieas1:1re the f'Otential , in mV. Plot the logarithms of 
the a1'!lfflonit:1rn ehloricle eenoentrations, in mg fJer fflL, of the S1tt11 
titt, ti a8htli8,is ,·ers1:1s their resjleeti,1e f'Otentials , in mV, anti araw 
the straight line best fitti:ng the fet:tr f'IO!:tea f'Oints . Froffi the stan 
tiara reSf'Onse line th1:1s oetainea aetermine the eoneentration, C, in 
rng of a1f!1floni1:1n½ ellloriae eqt:ti,·alent in tile 'Feat a8lttli811. Calet:1 
late tile fJereentage of aiatflffiOni1:1ffi thiaeetarnaffliae 
ftNH-1r.· ·-G...H~.~-l eqt:ti·,·alent in tile flOFtion ofTlliaeetarsa 
miae taleen '3;· tl½e feRfl1:1la: 

(2Q6 .67 / 53.49)(JQ CH¥), 

in .. lliell 2Q6.67 is llalf of tile reolee1:1lar "eigllt ef aian!ffloni1:1ffl 
thiaeetarsaffiiae; 53 .49 is tile molee1:1lar weight of l>IH .. CI; anti W 
is tile "eigllt, in g, of Thiaeetarsaffiiae taleen te fJrefJare tile 'Feal 
B8lt1li8,1. !>lot fflore tllan 1.Q% is fe1:1na . 

~ 
pH 7.(}ph89f)httle h1,1.ffe, Mill eq1:1al vel1:11-nes ofQ.Q5 M 1-nono 

basie flOtassit:tm f'ROSflllate anti Q.Q5 M aibasie soai1:1m flROSflhate, 
anti ifneeessaf) aclj1:1st .. itll I J>I f'Otassit:tm ll; aroniae or .. itll clil1:1te 
f'ROSflllorie aeia to a f'I I of 7.Q. 

M-8hite phttae Prel"are a filterecl anti aegassea miJta-ire of pH 
7.(} plt89f)Httle href:fe,• anti aeetonitrile (97Q:3Q). Malee aclj1:1stffients 
ifneeessiily (see S,ale.n Sr,iitahitit; 1:1neer Ch, 8illl:ll8~ apn, (~ )r
lnereasing tile f'FOf'OFtion ofpH 7.(}ph89f)h1:11e htef.fe, inereases tile 
retention time. 

S1tt,1titt, tip, ep1:1, 1:1li8,1 Prejlare a sol1:1tion of USP Tlliaeetarsa 
ffliae RS inp,{{ 7.(}plt89fJ,¼1:11e huffe, Ila, ing a lmo,,·n eoneentration 
of aeo1:1t Q.2 mg f'Or fflL. Use this sol1:1tion within 8 llo1:1rs. 

A:'l:'ltt:,, p, eptt, 1:1ti8,1 Transfer aeo1:1t 19Q ffig ofThiaeetarsaffliae, 
aee1:1ratel;· ..-eigllea, to a 259 fflL ,1ol1:11f!etrie flaslc, clissol .-e in ancl 
ailt:tte .. ith pH 7.(} plt89fJHttle hitf:fe, to , olt:11fle, ancl 1-nin. Use tllis 
sol1:1tion witllin 8 llo1:1rs. 

Ch, 8t111:11Bg, ap,~ie :'l):'lle,11 (see Ch, 8t111:1l8g, apn, (~ )r----Tlate 
liqt:tia ellroffiatograf'll is eq1:1if'f'OS .. itll a 232 ntfl cleteetor anti a 
3 .9 ffiffi H 3Q Offl eol1:11-nn tllat eoRtains l"aelcing LI. Tile flo·,,,· rate 
is a'301:1t I fflL fJOr ffiin1:1te . Chrofflatogf!tjlll tile Sl!J:,ttitt, tip, cpet, et 

li811, ~~a reeora tho jlealc rOSjlOA9e9 as aireetea 8 0. 
the ta1hng faetor is Rot ffiore than J Q alt 1:1~ er' t 8eecht1 e: 
,,ia~on fer ref'l ieate injeetions is R~t •~:reE!t:a:~t~~~ staneara tie 

' ' 8eetitt, e [l>IOTE Use ealc h · h · · 
are inaieatea.] Sejlaratel; inj~et eq:~,g t~ nherc!ealc FOSjlOASes 
the &tt,1titt, tip, CfJtl. tt*i8, M½a the 'o l:lffies _a ~1:1! 2Q µL) of 
ffiatograflh! reeora the eltroffiato ;!:':"' p,aepet, al1811 Hl!o the ehro 
fer tile ffiliJOr pealcs Cale1:1late :Le q s, a~·i, ffl_easl:lfe the FOSflORses 
wg ~ · ll . · 1:1an 1 •, 1n ffig of C..H.._As-

• m t e f'OFt1on of Tlliaeetarsiil'fliae talcen e; tile fefffi1:1la: 

~;;1-1-ir, 

in ···hieh C · th · ".
8 

R _1se eoneee!rahon, in 1-ng per ffiL of USP Th. 1 
saffi1 e ':S tn the Slet11titt, tip; epm•etli811" anti " ' taee ar 
ee!arSElffl!Se flealc FeSflOHSOS oe!ainea fiaoffi ~~l"i; are the !h_1a 
anti the &m,tittiori p!'ejJetJYilimi res t"., 1 , ' :'}f}tfj, P• epet, 1:1/te,1 , pee 1s e ; . 11,. USP2 7 

BRIEFING 

Thiacetarsamide Sodium Injection, USP 26 page 1813- See 
briefing under Th iacetarsamide. 

(VET: L DeVeau) RTS- 3711 8-2 

Delete the following: 

•Thiaeetarsamide Sodium Iejeetioe 

B 
so_luetli~ee .. .. . H 

1

, 
a of So . tOB and . • . nt.. ts 

~=:'.r:;:1~atta~l ~l "~:=a~o:t~ S<ldillffl thi v .{} pereea aeetarsam:id E ~~~t-bee~i--a;::;.~ ,· ~e~ame11Btof 

· Pres 

5

~t. 
-

11 

t: · 8,1:'I (+)- ,!lti i,IC,'B r
0 

r . 

K ...,! ;, '" ;.,. . y ' "''""'"' ~ 
efereeee §tan ,eate tlla! it is fer . 

tifieatiee Th dards_ (++) USP T.' . ,e!ennat) 1:1se onl; 
h_fflffl...... ' ffl~ft . .. • • ~,., M"''"" • . 
taee!arsa 

tea in the l 

en It fflO '- s ere . 
_se ueing a ,,01 qt:1treffients 

~fl thiaeetllrs::1~ of 11nail1:1te m:r-,,,;,f'61-...:r.-- (H+) •'- ~ 
• luO fl er lq; 7 . ,-,,m:, 

., .. m.,. (++ • " ... , 'mg 

in the seetio ) 7'. It t-neets !late re . ea of 1.5 
n re:'11 n q1:11re1 

ttH-(~ ): ee~ I n 8eetiw C:'I [,':;i,1" 
6.8 anti 7? o (~ ) ·-· .. 

O0,er re • · =-eH'nttss-J~fer--;tH...lJL., ,, 
(+)- /41'"'fflMlo " ~ .. ffl~I ,.,, 

. ffieets tile re 
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Assay 
pH 7. {} pho-sp,~alc btef.fe1 , Mobi{-c pha:'Jc, S1a,1tl:a, 'tip, epa, alio11 , 

81'!8 Ch, omalog, aphic S)3M>II PFoeee8 118 8iFeete8 if! tke Assa:;· 
tlf!8eF Th.iaccia, 3a,11i'tic. 

As:<Ja) p, epa, alio,1 TFaf!SfeF BR aeeuFately ff!OBStJFe8 ,·elu1Ho of 
lftjoeti □R, e~ui,•aleRt to aeotit SQ fflg ofthiaeetaFs8:ll'li8e so8itiffl, to 
a 2SQ fflL , olti111etFie ftaslc, 8iltite Nitli pit/ 7. {} pho-sp,½alc b'4fe, to 
,·oltiffle, BR8 fflin . Use this soltitioR witkiR 8 kotiFS. 

P1 OCC(ffl> e PFoeee8 as 8ifeete8 fef A occtl:tt, e if! the A33ll) tif! 
der Thiaeeta, aa,nitie. Ge.leu]ote the ~t:tantiFy , in fflg, sf setii1:11i-1 ~ia 
eel!lf8Bffii8e EC~,.S~) if! eaek fflL oflftjeetiof! talcef! e~ 
tke FOfffltila: 

(n! .22/377.27)(2SQC / V)(,·.,,,t.,.~ 

iR wkiek 4 21.22 8:1'!8 377 .27 are the 111oleetilar .,reigkts of so8it1ffl 
tkiaeetarsaffli8e Bf!8 thiaeetarsaffli8e, resi:,eeti,·el~·; C is the eoReeR 
tratioR, iR fflg i:,er fflb, of U8P Thiaeetarsaffli8e R8 iR tho Slan'tia, ,i 
p, epa, alio11, Vis tke , olttffle, if! fflL, of lftjeetioR taleef! to i:,rei:,aFe 
tlrn A,na:; p, epa, aiio,, , 8:1'!8 , ~ .. are the tkiaeetarsaffli8e i:,ealc 
feSf!ORSes oetaif!e8 froffl tee A33ll) p, epa, alio,, 8:1'!8 the Sla,,tkt, '8 
p, epa, a1io11, Fesi:,eeti,·el~·-. uSP27 

BRIEFING 

Ursodiol, USP 26 page 1913. It is proposed to clarify the re
quirements in the Related compounds test. In addition, editorial 
style changes have been made. 

(PA4: E. Gonikberg) RTS- 39335-1 

Change to read: 
Related compounds -

Adsorbent: 0.25-mm layer of chromatographic silica gel. 
So/vent-Prepare a mixture of acetone and water (9: I). 
Standard solution }- Prepare a solution of chenodiol in Solvent 

containing 600 µg per mL. 
Standard solution 2-Prepare a solution of lithocholic acid in 

Solvent containing 20 µg per mL. 
Test solution-Prepare a solution of Ursodiol in Solvent contain

ing 40 mg per mL. 
Diluted test solution-Dilute 1 mL of the Test solution quantita

tively with Solvent to obtain a solution having a concentration of 
40 µg per mL. 

Developing solvent system: a mixture of chloroform, glacial ace
tic acid, and water (85 :15:0.5) 

Spray reagent: phosphomolybdic acid TS 
Procedure-Separately apply IO µL each of Standard solution 

1, Standard solution 2, the Test solution , and the Diluted test solu
tion to a thin-layer chromatographic plate (see Thin Layer 
Chromatography under Chromatography (621 )) and proceed as 
directed in the chapter, allowing the solvent front to move about 
three-fourths of the length of the plate. Remove the plate from 
the developing chamber, mark the solvent front, and air-dry the 
plate. Spray the plate with phosphomolybdic acid TS , dry at 
I 05° for 5 minutes, and examine the plate: any secondary spot in 
the chromatogram of the Test solution having the same RF value as 
the principal spot from Standard solution 1 is not greater in size or 
intensity than that obtained from Standard solution 1. No second-

ary spot observed in the chromatogram of the Test solution having 
the same RF value as the principal spot from Standard solution 2 is 
greater in size or intensity than that obtained from Standard solu
tion 2. No 

•other ..i.usn7 
secondary spot observed in the chromatogram of the Test Solution 
is greater in size or intensity than the principal spot obtained from 
the Diluted test solution: not more than 0.1 % is found. 

BRIEFING 

Valproic Acid, USP 26 page 1915. It is proposed to correct the 
concentration of butyric acid and valeric acid in the System suit
ability solution and to clarify the actual experimental conditions 
used in the Chromatographic purity test. In addition, editorial style 
changes have been made. 

(PA3 : S. Salado) RTS- 37782-1 

Change to read: 
Chromatographic purity-

System suitability solution-Mix suitable quantities of butyric 
acid, valeric acid, and USP Valproic Acid Related Compound A 
RS in Valproic Acid to obtain a solution containing about 1.0 ttg 

•µL..i. USP27 
per mL, 1.0 ttg 

•µL..i. USP27 
per mL, and 0.1 µL per mL, respectively. 

Test solution-Use Valproic Acid. . 
Chromatographic system (see Chromatography (62 1) )-The 

gas chromatograph is equipped with a flame-ionization detector 
and a 0.32-mm x 60-m column coated with a 

·o.3-µm .... usn 1 
film of phase G25. Helium is used as the carrier gas with a 

•total . usn7 
flow rate of about 150 mL per minute 

•with a split flow ratio of 100: 1. ..i.usm 
The injection port and detector temperatures are maintained at 240° 
and 260°, respectively. The chromatograph is programmed as fol
lows. Initially the temperature of the column is equilibrated at 145° 
for 48 minutes, then the temperature is linearly increased at a rate 
of 5° per minute to 190°, and maintained at 190°. Chromatograph 
the System suitability solution, and record the peak responses as 
directed for Procedure: the relative retention times are about 
0.38 for butyric acid, 0.52 for valeric acid, 1.64 for related com
pound A, and 1.0 for valproic acid; the resolution, R, between bu
tyric acid and valeric acid is not less than 23 .0; the column 
efficiency determined from valeric acid is not less than 100,000 
theoretical plates; and the tailing factor for the valeric acid peak 
is not more than 1.5. The related compound A peak must elute be
tween 41 and 50 minutes and must have a peak area of not less than 
0.01% relative to the valproic acid peak. 
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Procedure-Inject a volume (about 0.5 µL) of the Test solution 
into the chromatograph, record the chromatogram, and measure the 
peak responses. (?alcufate the percentage of each impurity in the 
portion of Valpro1c Acid taken by the formula: 

I00(r;f r,), 

in which r; is the peak response for each impurity; and rs is the sum 
of the responses for all the peaks: not more than 0.1 % of any in
dividual impurity is found; and not more than 0.3% of total impu
rities is found. 

BRIEFING 

Valsartan and Hydrochlorothiazide Tablets, page 2780 of PF 
27(4) [July- Aug. 2001]. It is proposed to add to the Dissolution 
test the formulas for the calculation of the amount dissolved of both 
valsartan and hydrochlorothiazide. 

(BPC: M. Marques) RTS- 39327-1 

Add the following: 

• Valsartan and Hydrochlorothiazide 
Tablets 

» Valsartan and Hydrochlorothiazide Tablets con

tain not less than 90.0 percent and not more than 

110. 0 percent of the labeled amounts of valsartan 

( C24H29N s O 3) and hydro ch l orothi azi de 

(C1HsClN304S2). 

Packaging and storage--Preserve in well-closed con

tainers. 

USP Reference standards ( 11 )-USP 4-Amino-6-chloro-

1,3-benzenedisulfonamide RS. USP Hydrochlorothiazide 

RS. USP Valsartan RS. USP Valsartan Related Compound 

BRS. 

Identification-

A: Thin-Layer Chromatographic Identification Test 

(201 )-

Test solution-To a centrifuge tube transfer an amount of 

ground Tablets, equivalent in weight to a single Tablet, add 

2.0 mL of acetone, sonicate for 15 minutes, and centrifuge. 

Application volume: 2 µL. 

Developing solvent system: a mixture of ethyl acetate, de

hydrated alcohol, and a solution (25 in 100) of ammonium 

hydroxide (8:2:1). 

Procedure-Proceed as directed in the chapter, except to 

develop the plate in a paper-lined chromatographic chamber 

equilibrated with Developing solvent system for about 15 

minutes prior to use. Allow the chromatogram to develop 

until the solvent front has moved at least 7 cm. After remov

ing the plate and marking the solvent front, dry the plate un

der a current of warm air until it is completely dry. The RF 

values of the principal spots obtained from the Test solution 

correspond to those obtained from the Standard solution. 

B: The retention times of the major peaks in the chro

matogram of the Assay preparation correspond to those in 

the chromatogram of the Standard preparation, as obtained 

in the Assay. 

Dissolution (711 )-

Medium: pH 6.8 phosphate buffer; 1000 mL. 

Apparatus 2: 50 rpm. 

Time: ~ 30 minutes. 

Procedure-Determine the amounts of valsartan 

(C24H29N50 3) and hydrochlorothiazide (C7H8ClN30 4S2) dis

solved by employing UV absorption at the wavelengths of 

maximum absorbance at about 250 nm for valsartan teer

reoteel for iaterfureRoe freFR li;•Eireoaleretaiaziele ea tae ba 

sis of t!'le abserbaaees of a;•Eiree!'lleretliiaziele at 258 aael 

272 aFR) and at about 272 nm for hydrochlorothiazide on 

filtered portions of the solution under test, s1:titabl;• Eiil1:tteel 
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with DissBlrxtiBII },f-ediwn, iH eeffipariseH with a Stat1ElfrFEI 

selutieH ha.,•iHg kBe•;.·H eeaeeHtfatieHs ef USP Valsartafl 

RS aHEI USP H)•ElrnehlernthiaziEle RS iH the saffie },f-edirxm 

diluted with Medium if necessary. Calculate the amount of 

C24H29N5O3 dissolved, in mg, by the formula: 

l OOOD ( A.,.,.,,oa""' - A "'"2nam,o I, 
l a V2soC21-1272 - a v212Qu2.50 J 

in which D is the sample dilution factor if used, Aobszso is the 

observed absorbance of the sample solution at 250 nm, 

Aobs272 is the observed absorbance of the sample solution 

at 272 nm, a v2so is the absorptivity of valsartan at 250 

nm, av212 is the absorptivity of valsartan at 272 nm, aH2so 

is the absorptivity of hydrochlorothiazide at 250 nm, and 

aH212 is the absorptivity of hydrochlorothiazide at 272 nm. 

The absorptivities, a, are determined from separate Standard 

solutions of USP Valsartan RS and USP Hydrochlorothia

zide RS in the Medium having a known concentration and 

expressed in units as defined by Spectrophotometry and 

Light-Scattering (851 ). Calculate the amount of 

C1HsCIN3O4S2 dissolved, in mg, by the formula: 

IOOOD [ A ... m av 2,o - A ... ,,.Qvm ), 

Qv2,oQH m - Qvm a11250 

in which the terms are as defined above. 

Tolerances-Not less than ~ 80% (Q) of the labeled 

amounts of C24H29NsO3 and C7H8ClN3O4S2 is dissolved in 

~ 30 minutes. 

Uniformity of dosage units (905) : meet the requirements . 

PROCEDURE FOR CONTENT UNIFORMITY-

Diluent, Solution A, Solution B, Mobile phase, and 

Chromatographic system-Prepare as directed in the Assay. 

Standard solution-Use the Standard preparation as pre

pared in the Assay. 

Test solution- Place l Tablet in a 200-mL volumetric 

flask, add 5 mL of water, and allow to stand for 5 minutes. 

Add about 100 mL of Diluent, and sonicate for 15 minutes . 

Dilute with Diluent to volume, mix, and centrifuge a portion 

of this solution at about 3000 rpm. Quantitatively dilute a 

volume of the clear supernatant with Diluent to obtain a 

solution having a concentration of about 0.2 mg ofvalsartan 

per mL. 

Procedure- Separately inject equal volumes (about IO 

µL) of the Standard solution and the Test solution into the 

chromatograph, record the chromatograms, and measure the 

areas for the major peaks. Separately calculate the quanti

ties, in mg, of valsartan (C24H29N5O3) and hydrochlorothia

zide (C1HsCIN3O4S2) in the Tablet taken by the formula: 

in which Lis the labeled quantity, in mg, of the relevant ana

lyte in the Tablet; Cs is the concentration, in mg per mL, of 

the appropriate USP Reference Standard in the Standard 

solution; Cu is the concentration, in mg per mL, of the cor

responding analyte in the Test solution, based on the labeled 

quantity per Tablet and the extent of dilution; and ru and r5 

are the peak responses obtained from the Test solution and 

the Standard solution, respectively. 

Related compounds-

Diluent, Solution A, Solution B, and Mobile phase-Pre

pare as directed in the Assay. 

Standard stock solution-Dissolve accurately weighed 

quantities of USP 4-Amino-6-chloro-1,3-benzenedisulfona

mide RS, USP Hydrochlorothiazide RS, USP Valsartan RS, 
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and USP Valsartan Related Compound B RS in Diluent to 

obtain a solution having known concentrations of about 

0.03, 0.06, 0.08, and 0.2 mg per mL, respectively. 

Resolution solution-Dilute 5.0 mL of Standard stock 

solution with Diluent to 100.0 mL, and mix. 

Standard solution-Dilute I 0.0 mL of Resolution solu

tion with Diluent to 100.0 mL, and mix. 

Test solution-Use the Assay preparation as specified. 

Chromatographic system-Prepare as directed in the As

say. Chromatograph the Resolution solution, and record the 

peak responses as directed for Procedure: the resolution, R, 

between valsartan related compound B and valsartan, and 

between 4-amino-6-chloro-1,3-benzenedisulfonamide and 

hydrochlorothiazide is not less than 1 .4. Chromatograph 

the Standard solution, and record the peak responses as di

rected for Procedure: the relative standard deviation, deter

mined from the valsartan and hydrochlorothiazide peaks, for 

replicate injections is not more than 10.0%. 

Procedure-Separately inject equal volumes (about 10 

~LL) of the Standard solution and the Test solution into the 

chromatograph, record the chromatograms, and measure the 

areas for the major peaks, disregarding the peak, if any, with 

a retention time of about 22 minutes. Calculate the quantity, 

in mg, of each impurity in the portion of Tablets taken by the 

formula: 

in which C is the concentration, in mg per mL, of U8P Val 

sartaH RelateEl Cemp01:1F1Ei B R8 er USP 4-Amino-6-chloro-

1,3-benzenedisulfonamide RS, or the relevant USP Refer

ence Standard (when determining the quantity of other im

purities) in the Standard solution; and ru and r5 are the 

corresponding peak responses obtained from the Test solu

tion and the Standard solution, respectively: not more than 

~ 1.0¾. eaoh ef ,•alsartaH relateEi oempel:lflEI B aHEI of 4-

amino-6-chloro-1 ,3-benzenedisulfonamide is found; not 

more than 0.2% of any other impurity, excluding valsartan 

related compound A and valsartan related compound B, is 

found; and not more than G:-8¾ 1.3% of total impurities, ex

cluding valsartan related compound A and valsartan related 

compound B, is found. [NOTE-Valsartan related com

pound A is the enantiomer of valsartan and coelutes with 

valsartan in this test.] 

Assay-

Diluent-Prepare a mixture of acetonitrile and water 

(1: 1). 

Solution A-Prepare a filtered and degassed mixture of 

water, acetonitrile, and trifluoroacetic acid (90:10:0.1). 

Solution B-Prepare a filtered and degassed mixture of 

acetonitrile, water, and trifluoroacetic acid (90: 10:0.1 ). 

Mobile phase-Use variable mixtures of Solution A and 

Solution B as directed for Chromatographic system. Make 

adjustments if necessary (see System Suitability under 

Chromatography ( 621) ). 

Standard preparation-Transfer about 12.5 mg of USP 

Hydrochlorothiazide RS, accurately weighed, to a 200-mL 

volumetric flask. Add about 12.51 mg of USP Valsartan RS, 

accurately weighed, Jbeing the ratio of the labeled amount, 

in mg, of valsartan to the labeled amount, in mg, of hydro

chlorothiazide per Tablet. Add about 100 mL of Diluent, 

sonicate for 15 minutes, dilute with Diluent to volume, 

and mix. Transfer 25 .0 mL of this solution to a 50-mL volu

metric flask, dilute with Diluent to volume, and mix. Quan

titatively dilute a volume of this solution with Diluent to 

obtain a solution having a known concentration of about 

0.2 mg of USP Valsartan RS per mL. 

Assay preparation-Transfer a number of Tablets, 

equivalent to about 62.5 mg of hydrochlorothiazide, to a 

250-mL volumetric flask. Add 5 mL of water, and allow 

to stand for 5 minutes. Then add about 100 mL of Diluent, 

sonicate for 15 minutes, and shake for 30 minutes. Dilute 
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with Diluent to volume, mix, and centrifuge a portion of this 

solution at 3000 rpm. Dilute 25.0 mL of the clear superna

tant with Diluent to 200.0 mL, and mix (Solution 1) . 

[NOTE-Retain a portion of Solution 1 to use as the Test 

solution in the test for Related compounds.] Dilute an ac

curately measured volume of Solution 1 with Diluent to ob

tain a solution containing about 0.2 mg ofvalsartan per mL. 

Chromatographic system (see Chromatography ( 621 ) )

The liquid chromatograph is equipped with a 265-nm detec

tor and a 3.0-mm x 12.5-cm column that contains 5-µm 

packing LI . The flow rate is about 0.4 mL per minute . 

The chromatograph is programmed as follows. 

Time 

(minutes) 

0-25 

25-27 

27-40 

Solution A 

(%) 

90--+ 10 

10--+90 

90 

Solution B 

(%) Elution 

10--+90 linear gradi

ent 

90--+ 10 linear gradi

ent 

10 isocratic 

Chromatograph the Standard preparation , and record the 

peak responses as directed for Procedure: the relative stan

dard deviation for replicate injections is not more than 2.0%. 

Procedure-Separately inject equal volumes (about I 0 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the areas for the major peaks. Separately calculate 

the quantities, in mg, of valsartan (C24H29N 50 3) and hydro

chlorothiazide (C7H8ClN30 4S2) in the portion of Tablets ta

ken by the formula: 

in which Lis the labeled quantity, in mg, of the relevant ana

lyte in each Tablet; Cs is the concentration, in mg per mL, of 

the appropriate USP Reference Standard in the Standard 

preparation; Cu is the concentration, in mg per mL, of the 

corresponding analyte in the Assay preparation, based on 

the labeled quantity per Tablet and the extent of dilution; 

and r u and rs are the peak responses obtained from the Assay 

preparation and the Standard preparation, respective

ly . .._ usn 1 

BRIEFING 

Verteporfin, page 1200 of PF28(4) [July- Aug. 2002). It is pro
posed to correct the preparation of the solutions used in the Mobile 
phase for the Assay, according to the original submission received. 

(PA6: L. Evans) RTS- 38736-1 

Add the following: 

-A Verteporfin 

718.79 

and 

23H,25H-Benzo[b ]porphine-9, 13-dipropanoic acid, 18-

etheny l-4 ,4a-d ihydro-3 ,4-bi s( methoxycarbony 1 )-

4a,8, 14, 19-tetramethyl-, monomethyl ester, trans. 

( ± )-trans-3,4-Dicarboxy-4,4a-dihydro-4a,8, 14, l 9-tetra

methyl-l 8-vinyl-23H,25H-Benzo[b ]porphine-9, 13-di

propanoic acid,3,4,9-trimethyl ester mixture with 

( ± )-trans-3,4-dicarboxy-4,4a-dihydro-4a,8, 14, 19-tet

ramethyl-l 8-vinyl-23H,25H-benzo[b ]porphine-9, 13-

d i prop ionic acid,3,4,13-trimethyl ester 

[J 29497-78-5]. 
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» Verteporfin contains not less than 94.0 percent 

and not more than 102.0 percent of C41 H42 

N40 8, calculated on the anhydrous basis. 

Caution-Verteporfin is a light-activated drug used in 

photodynamic therapy. Care should be taken to avoid con

tact with eyes and skin. 

Packaging and storage-Preserve in tight containers, and 

store in a freezer. 

USP Reference standards ( 11 )-USP Verteporfin RS 

Identification-

A: Infrared Absorption ( 197M). 

B: The retention times of the two major peaks in the 

chromatogram of the Assay preparation correspond to those 

in the chromatogram of the Standard preparation, as ob

tained in the Assay. 

Microbial limits ( 61 )-The total aerobic microbial count 

does not exceed I 00 cfu per g. 

Bacterial endotoxins (85 ): not more than 0.5 USP Endo

toxin Unit per mg of verteporfin. 

Water, Method Jc (921): not more than ~ 1.4%. 

Residue on ignition (281 ) : not more than 0.2%. 

Heavy metals, Method I (23 I ) : not more than 0.002%. 

Related compounds oRd FegiaisaHteF Fotia 

Solution A, Solution B, and Mobile phase-Proceed as di

rected in the Assay. 

Test solution-Prepare as directed for Assay preparation 

in the Assay. 

Chromatographic system-Proceed as directed in the As

say. To evaluate the system suitability requirements, use the 

Standard preparation prepared as directed in the Assay. 

Procedure-Inject a volume (about 20 µL) of the Test 

solution into the chromatograph, record the chromatograms, 

and measure the peak responses. Calculate the percentage of 

each related compound in the portion of Verteporfin taken 

by the formula: 

I00(rJ r,), 

in which r, is the individual peak response of each related 

compound; and r, is the sum of the responses of all of the 

peaks. Not more than 0.6% of the peak having a retention 

time of about 0.56 relative to that of the first verteporfin iso

mer peak is found, not more than 0.8% of any other indivi

dual related compound is found , and the sum of all 

impurities is not more than ~ 4.0%. 

Caleulate tee mtie eftee r,eak Fesr,enses feF the t>.•,·e r,eal,s 

assigned te ,·erter,emn: net less than 0.9 ond net meFe than 

+:+-: 

OFgoRie ,,.alotcile iHtpuFitcies, U-e#u~ri I (46+): meets tee Fe 

EJ.UiFements. 

Limit of methylene chloride-Use the procedure for Meth

od 1 under Organic Volatile Impurities (467), with the fol

lowing exceptions: 

Standard solution-SO µg of methylene chloride per mL 

in dimethylformamide. 

Test solution- IO mg ofVerteporfin per mL in dimethyl

formamide . 

Limit- not more than 5,000 µg per g of Verteporfin 

(0 .5%). 

Assay-

Solution A-Prepare a filtered and degassed selutien een 

ffttfttflg mixture of 1 % (w/w v) aqueous ammonium sulfate 

selutien in a H'liittcuFe ef wateF, acetonitrile, acetic acid, and 

3.6 M sulfuric acid (10:10:1:0.027). 
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Solution B- Prepare a filtered and degassed sslutisa esa 

t&tftffig mixture of 1 % (w/w v) aqueous ammonium sulfate, 

seltttisH ia a Htillt-1::lfe ef .,·ater, aeeteaitrile tetrahydrofuran, 

acetic acid, and 3.6 M sulfuric acid (10:10:1:0.034). 

Mobile phase-Use variable mixtures of Solution A and 

Solution B as directed for Chromatographic system. Make 

adjustments if necessary (see System Suitability under 

Chromatography ( 621 ) ). 

Standard preparation Disssh·e aa aeeurately weighee 

EJ:ue.atity sf USP Verterierfia RS ia a ffliJtture sf water, tetra 

h;·ersft:traa, e.ae e.eeteaitrile (4 :3 :3) ts setaia a sslutisa esa 

te.iaiag 8.25 1flg rier fflb. To a suitable volumetric flask, 

transfer an accurately weighed quantity of USP Verteporfin 

RS sufficient to make a 0.25 mg per mL solution. Add a vol

ume of a mixture of acetonitrile and tetrahydrofuran (1: 1) 

equivalent to 60% of the flask volume, and dissolve. Dilute 

Time 

(minutes) 

0-60 

60-90 

90- 91 

91- 120 

120- 121 

121- 125 

125- 137 

137- 140 

140 150 

Solution A 

(%) 

80 

80-+60 

60 

60-+30 

30 

30-+0 

0 

0-+80 

80 

Solution B 

(%) Elution 

20 isocratic 

20-+40 linear 

gradient 

40 isocratic 

40➔ 70 linear 

gradient 

70 isocratic 

70-+ 100 linear 

gradient 

100 isocratic 

100-+20 linear gradi-

ent 

20 isocratic 

with water to volume, and mix. [NOTE-Protect the solution Chromatograph the Standard preparation, and record the 

from light.] peak responses as directed for Procedure: the resolution, 

Assay preparation- Transfer about 25 mg ofVerteporfin, R, between the two verteporfin peaks is not less than 2.5; 

accurately weighed, to a I 00-mL volumetric flask. Elisseh·e the tailing factor is not more than 1.3; and the relative stan-

ia aae eilute with a minture sf water, tetreh;·ernft:trea, BRe dard deviation for replicate injections is not more than 2.0%. 

aeetsaie:ile (4:3:3) ts ,·elume, BHe mill Add 60 mL ofa mix- Procedure-Separately inject equal volumes (about 20 

ture of acetonitrile and tetrahydrofuran (1: 1), and dissolve. µL) of the Standard preparation and the Assay preparation 

Dilute with water to volume, and mix. [NOTE- Protect the into the chromatograph, record the chromatograms, and 

solution from light.] measure the responses for the verteporfin peaks. Calculate 

Chromatographic system (see Chromatography (621 )- the quantity, in mg, of C
41

H
42

N
4
0

8 
in the portion of Verte-

The liquid chromatograph is equipped with a 410-nm detec- porfin taken by the formula : 

tor and a 4.6-mm x 25-cm column that contains packing 

LL The flow rate is 1.5 mL per minute. The column tem

perature is maintained at 30°. The chromatograph is pro

grammed as follows. 

in which C is the concentration, in mg per mL, of USP Ver

teporfin RS in the Standard preparation; and ru and rs are 

the sums of the peak responses of the two verteporfin regioi

somer peak responses obtained from the Assay preparation 

and the Standard preparation, respectively. 
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Calculate the ratio of the peak responses for the two peaks 

assigned to verteporfin: not less than 0.9 and not more than 

l . l .• usP21 

BRIEFING 

Excipients, USP and NF Excipients, Listed by Category, NF 
21 page 2679 and page 1891 of PF 28(6) [Nov.- Dec. 2002]. The 
proposed rev isions complement the proposed new monographs 
Cetrimonium Bromide, Hypromellose Acetate Succinate, Anhy
drized Liquid Sorbito/ , and Maltose , which appear elsewhere in 
this number of PF 

(EMC) RTS- 39017-1; 39098-1; 39317-1; 39318-1 

Change to read: 
Antimicrobial Preservative 

Benzalkonium Chloride 
Benzalkonium Chloride Solution 
Benzethonium Chloride 
Benzoic Acid 
Benzyl Alcohol 
Butylparaben 

· cetrimonium Bromide,._NF22 
Cetylpyridinium Chloride 
Chlorobutanol 
Chlorocresol 
Cresol 
Ethylparaben 
Methylparaben 
Methylparaben Sodium 
Phenol 

•2-Phenoxyethanol■2 
Phenylethyl Alcohol 
Phenylmercuric Acetate 
Phenylmercuric Nitrate 
Potassium Benzoate 
Potassium Sorbate 

Propylparaben 
Propylparaben Sodium 
Sodium Benzoate 
Sodium Dehydroacetate 
Sodium Propionate 
Sorbic Acid 
Thimerosal 
Thymol 

Change to read: 
Coating Agent 

Carboxymethylcellulose Sodium 
Cellacefate (fonnerly Cellulose Acetate Phthalate) 
Cellulose Acetate 
Cellulose Acetate Phthalate (see Cellacefate) 

• Com Syrup Solids■2 
Ethylcellulose 
Ethylcellulose Aqueous Dispersion 
Gelatin 

Glaze, Pharmaceutical 
Hydroxypropyl Cellulose 
Hydroxypropyl Methylcellulose 
Hydroxypropyl Methylcellulose Phthalate (see Hypromellose 

Phthalate) 

•Hypromellose Acetate Succinate.NFn 
Hypromellose Phthalate (formerly Hydroxypropyl Methylcellu-

lose Phthalate) 
Methacrylic Acid Copolymer 
Methacrylic Acid Copolymer Dispersion 
Methylcellulose 
Polyethylene Glycol 
Polyvinyl Acetate Phthalate 
Shellac 

•Starch, Pregelatinized Modified.2 
Sucrose 
Titanium Dioxide 
Wax, Camauba 
Wax, Microcrystalline 
Zein 

Change to read: 
Humectant 

• Com Syrup Solids■2 
Glycerin 
Hexylene Glycol 
Propylene Glycol 
Sorbitol 

• sorbitol, Anhydrized Liquid.Nm 

Change to read: 
Plasticizer 

Acetyltributyl Citrate 
Acetyltriethyl Citrate 
Castor Oil 
Diacetylated Monoglycerides 
Dibutyl Sebacate 
Diethyl Phthalate 
Glycerin 
Polyethylene Glycol 
Propylene Glycol 

·sorbitol, Anhydrized Liquid. Nm 
Triacetin 
Tributyl Citrate 
Triethyl Citrate 

Change to read: 
Sweetening Agent 

Aspartame 

• Aspartame Acesulfame■2 

• Com Syrup Solids■2 
Dextrates 
Dextrose 
Dextrose Excipient 
Fructose 

• Malto~e 1tNF22 
Manmtol 
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Saccharin 
Saccharin Calcium 
Saccharin Sodium 
Sorbitol 
Sorbitol Solution 
Sucralose 
Sucrose 
Sugar, Compressible 
Sugar, Confectioner 's 
Syrup 

Change to read: 
Tablet Binder 

Acacia 
Alginic Acid 
Carboxymethylcellulose, Sodium 
Cellulose, Microcrystalline 

•Copovidone■2 

•Com Syrup Solidsa2 
Dextrin 
Ethylcellulose 
Gelatin 
Glucose, Liquid 
Guar Gum 

"'Hypromellose Acetate Succinate.._Nm 
Hydroxypropyl Methylcellulose 

"'Maltose .._Nn2 
Methylcellulose 
Polyethylene Oxide 
Povidone 
Starch, Pregelatinized 

•Starch, Pregelatinized Modifieda2 

Syrup 

•Tapioca Starcha2 

Change to read: 
Tablet and/or Capsule Diluent 

Calcium Carbonate 
Calcium Phosphate, Dibasic 
Calcium Phosphate, Tribasic 
Calcium Sulfate 
Cellulose, Microcrystalline 
Cellulose, Powdered 

•Corn Syrup Solidsa2 
Dextrates 
Dextrin 
Dextrose Excipient 
Fructose 
Kaolin 
Lactitol 
Lactose 

"'Maltose 4Nn2 
Mannitol 
Sorbitol 
Starch 
Starch, Pregelatinized 

•Starch, Pregelatinized Modifieda2 
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Sucrose 
Sugar, Compressible 
Sugar, Confectioners 

•Tapioca Starcha2 

Change to read: 
Tablet Disintegrant 

Alginic Acid 
Cellulose, Microcrystalline 
Croscarmellose Sodium 
Crospovidone 

"'Maltose ;,.Nn 2 
Polacrilm Potassium 
Sodium Starch Glycolate 
Starch 
Starch, Pregelatinized 

•Starch, Pregelatinized Modifieda2 

•Tapioca Starch.2 

MONOGRAPHS (NF) 

BRIEFING 

Ammonium Sulfate, Because there is no existing NF mono

graph for this excipient, a new monograph, based on page 163 

of ACS Reagent Chemicals, Ninth Edition, is being proposed. 

The Identification test is adopted from the Ammonium Sulfate 

monograph on page 28 in the Food Chemicals Codex, Fourth Edi

tion. In addition, test for Microbial limits is added as per JCH Q6A 

guideline. 

(EMC: E. Gonikberg; VVI: L. Bhattacharyya) 

Add the following: 

• Ammonium Sulfate 

132.14 

Ammonium sulfate [7783-20-2]. 

RTS-38196-1 
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» Ammonium Sulfate contains not less than 99.0 

percent and not more than 100.5 percent of 

(NH4)2SO4. 

Packaging and storage-Preserve in well-closed con

tainers. Store at room temperature, avoid excessive heat 

and freezing. Protect from moisture. 

Labeling- Where it is intended for use in vaccines admi

nistered either intramuscularly or subcutaneously, it is so la

beled. 

USP Reference standards ( 11 )-USP Endotoxin RS. 

Identification-A solution (1 in 20) responds to the tests 

for Ammonium ( 191 ) and for Sulfate ( 191). 

Microbial limits (61 )-Where it is intended foruse in vac

cines administered intramuscularly or subcutaneously, the 

total aerobic microbial count does not exceed 103 per g 

and the total combined molds and yeasts count does not ex

ceed IO cfu per g. 

pH (791): between 5.0 and 6.0, in a solution (I in 20). 

Residue on ignition-Not more than 0.005%, determined 

on a 20-g sample. 

Limit of insoluble matter-Transfer 20 g to a covered bea

ker, and dissolve in 200 mL of water. Heat to boiling, and 

warm on a steam bath for l hour. Filter the hot solution 

through a tared sintered-glass crucible of medium porosity 

( I 0-15 µm) . Wash the beaker and the filter with hot water, 

dry the crucible at 105°, cool in a desiccator, and weigh: not 

more than 1 mg of insoluble matter is found (0.005%). 

Limit of phosphate-

Standard Phosphate Solution, Phosphate Reagent A, and 

Phosphate Reagent B- Prepare as directed for Phosphate in 

Reagents in General Tests for Reagents under Reagents, In

dicators, and Solutions. 

Procedure-[NOTE-The tests with the specimen and the 

control are made preferably in matched color-comparison 

tubes.] Dissolve 4.0 g of Ammonium Sulfate in 25 mL of 

0.5 N sulfuric acid, add 1 mL each of Phosphate Reagents 

A and B, mix, and allow to stand at room temperature for 2 

hours. Any blue color should not exceed that produced in a 

control made with 2.0 mL of the Standard Phosphate Solu

tion and the same quantities of the same reagents as in the 

test with the specimen: not more than 5 µg of phosphate per 

g is found . 

Limit of chloride-

Standard chloride solution-Transfer 165 mg of sodium 

chloride to a 100-mL volumetric flask, and dissolve in and 

dilute with water to volume. Transfer I 0.0 mL of this solu

tion to a 1000-mL volumetric flask, and dilute with water to 

volume to obtain a solution having a concentration of 10 µg 

of chloride per mL. 

Procedure-Proceed as directed in the test for Chloride 

(221 ). A 2-g portion shows no more chloride than corre

sponds to 1.0 mL of Standard chloride solution: not more 

than 5 µg of chloride per g is found. 

Limit of nitrate-

Standard Nitrate Solution and Brucine Sulfate Solution

Prepare as directed for Nitrate in Reagents in General Tests 

for Reagents under Reagents, Indicators , and Solutions. 

Test solution-Dissolve 1.0 gin 3 mL of water by heating 

in a boiling water bath, and add Brucine Sulfate Solution to 

make 50 mL. 

Control solution-To 1.0 mL of Standard Nitrate Solu

tion, add 1.0 g of ammonium nitrate, and then add Brucine 

Sulfate Solution to make 50 mL. 

Blank solution-Use 50 mL of Brucine Sulfate Solution. 

Procedure-Heat the Test solution, Control solution, and 

Blank solution in a boiling water bath for 15 minutes with 

periodic gentle swirling, then cool rapidly in an ice bath to 
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room temperature. Adjust a suitable spectrophotometer to 

zero absorbance at 410 nm with the Blank solution. Deter

mine the absorbance of the Test solution , note the result, and 

adjust the instrument to zero absorbance with the Test solu

tion. Detennine the absorbance of the Control solution. The 

absorbance reading for the Test solution does not exceed 

that for the Control Solution: not more than 0.001 % is 

found. 

Limit of iron (241 )-Dissolve 2.0 gin 40 mL of water, add 

2 mL of hydrochloric acid, and mix: not more than 5 µg of 

iron per g is found . 

Assay- Transfer about 2.5 g of Ammonium Sulfate, ac

curately weighed, into a 500-mL Erlenmeyer flask, and dis-

solve in 50 mL of water. Add 50 .0 mL of 1 sodium 

hydroxide VS, place a filter funnel loosely in the neck of 

the flask , and boil until ammonia is expelled (about IO to 

15 minutes) as determined with litmus paper. Cool , add 

0.15 mL of thymol blue TS, and titrate the excess sodium 

hydroxide with 1 N sulfuric acid VS. Perfonn a blank deter

mination (see Residual Titrations under Titrimetry (541 ) ). 

Each mL of I N sodium hydroxide is equivalent to 66.07 

mg of (NH4)2S04. 4 Nm 

BRIEFING 

Candelilla Wax, page 1275 of PF 28(4) (July- Aug. 2002). 
This new monograph, which previously appeared in Pharmaco
peial Previews, is now forwarded to In-Process Revision. It is pro
posed to add storage conditions to the Packaging and storage 
section. 

(EMC: E. Gonikberg; PSD: C. Okeke) RTS- 39351-1 

Add the following: 

•candelilla Wax [ 8006-44-8]. 

» Candelilla Wax is the purified wax obtained 

from the leaves of the candelilla plant, Euphorbia 

antisyphilitica. 

Packaging and storage- Preserve in well-closed con

tainers. Store at room temperature, and avoid excessive heat 

and freezing. Protect from moisture. 

USP Reference standards ( 11 )-USP Candelilla Wax RS. 

Identification-

A: Infrared Absorption (197F)-Use a thin film of 

melted test specimen. 

B: It meets the requirements of the test for Melting 

range. 

Melting range, Class II (741 ) : between 68.5° and 72.5°. 

Acid value (401 )-Weigh accurately about 3 g ofCandelil

la Wax into a 250-mL flask, add 50 mL of a mixture of iso

propyl alcohol and toluene (5:4), attach the flask to a reflux 

condenser, and boil gently until the wax is completely dis

solved. Examine the solution: no insoluble particles are pre

sent. Remove the flask from the condenser, add about 1 mL 

of phenolphthalein TS, and titrate immediately with 0.5 N 

alcoholic potassium hydroxide VS to a faint, reddish yellow 

color. [NOTE-Do not allow the solution to cool; titrate at a 

wann temperature after refluxing. After the titration, reserve 

the solution for use in the test for Saponification value.] Cal

culate the acid value as the number of mg of potassium hy

droxide required to neutralize the free acids in I g of 

Candelilla Wax : the acid value is between 12 and 22. 

Saponification value ( 401 )-To the solution from the test 

for Acid value, add 15.0 mL of 0.5 N alcoholic potassium 

hydroxide VS, reflux for 3 to 4 hours, and titrate the excess 
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alkali with 0.5 N hydrochloric acid VS to a yellow-amber 

color. Perform a blank determination under the same condi

tions (see Residual Titrations under Titrimetry (541) ). The 

saponification value is the summation of the ester value so 

obtained and the acid value obtained above: it is between 43 

and 65. 

Heavy metals, Method II (231): 0.002%. 

Limit of lead (251): Weigh accurately about 3.3 g of Can

delilla Wax into a porcelain dish, heat on a hot plate until 

completely charred, then heat in a muffle furnace at 480° 

for 8 hours or overnight, and cool. Cautiously add 5 mL 

of nitric acid, evaporate to dryness on a hot plate, then heat 

again in the muffle furnace for exactly 15 minutes, and cool. 

Extract the ash with two 10-mL portions of water, filtering 

each extract into a separator. Leach any insoluble material 

on the filter with 6 mL of Ammonium Citrate Solution, 2 

mL of Hydroxy/amine Hydrochloride Solution, and 5 mL 

of water, adding the filtered washings to the separator. Con

tinue as directed for Procedure under Lead (251) beginning 

with "Add two drops of phenol red TS .. . ", and use 10 mL of 

Diluted Standard Lead Solution for a control containing a 

total of l 0 µg oflead: the color of the sample solution does 

not exceed that in the control (3 µg per g) .• Nm 

B RIEFING 

Cetrimonium Bromide. Because there is no existing NF mono

graph for this excipient, a new monograph, based on the related 

monographs for Cetrimide on page 869 of European Pharmaco

poeia, Fourth Edition , and on page 114 in the Handbook of Phar

maceutical Excipients, Third Edition, is being proposed. The Assay 

calculation is modified to reflect the difference in molecular weight 

between Cetrimonium Bromide and Cetrimide. In addition, a Mi

crobial limits test is added in accordance with the !CH Q6A guide

line. 

(EMC: E. Gonikberg; VVI: L. Bhattacharyya) RTS- 39017-1 

Add the following: 

~Cetrimonium Bromide 

C19H42BrN 

+ 
CH 3 (CH 2)15 N (CH 3 )3 

364.46 

Hexadecyltrimethylamrnonium bromide 

Br 

[57-09-0]. 

» Cetrimonium Bromide contains not less than 

96.0 percent and not more than 101.0 percent of 

hexadecyltrimethylammonium bromide, calcu

lated as C19f¼2BrN, on the dried basis. 

Packaging and storage-Preserve in well-closed con

tainers . Store at room temperature, avoid excessive heat 

and freezing. Protect from moisture. 

Labeling-Where it is intended for use in vaccines admi

nistered either intramuscularly or subcutaneously, it is so la

beled. 

USP Reference standards ( 11 )-USP Cetrimonium Bro

mide RS. 

Appearance of solution-Transfer 2.0 g of Cetrimonium 

Bromide to a 100-mL flask, dissolve in and dilute with pre

viously boiled and cooled water to volume: the solution is 

clear and colorless. 

Identification-

A: Transfer 250 mg of it to a 25-mL volumetric flask, 

and dissolve in and dilute with alcohol to volume. Deter

mine the absorbance in a 1-cm cell with a suitable spectro

photometer, after correcting for the blank: between 260 nm 

and 280 nm, the absorbance is not greater than 0.05 . 
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B: Dissolve about 5 mg ofit in 5 mL of phosphate buf- Loss on drying (731 )-Dry about 1.0 g ofit at 105° for 2 

fer pH 8.0. Add a strip of methyl green-iodomercurate pa- hours: it loses not more than 2.0% of its weight. 

per. After 5 minutes, the solution shows a more intense Residue on ignition (281 ): not more than 0.5%, determined 

greenish-blue color than a blank solution prepared at the on 1.0 g. 

same time in the same manner. Limit of amines and amine salts-Dissolve 5.0 g of Cetri-

C: Transfer 2.0 g of it to a 100-mL flask, dissolve in and monium Bromide in 30 mL of a mixture of 1 N hydrochloric 

dilute with previously boiled and cooled water to volume: acid vs and methanol (1 :99, v/v), and add 100 mL of iso-

the solution froths copiously when shaken. propyl alcohol. Pass a stream of nitrogen slowly through the 

D: Thin-Layer Chromatographic Identification Test solution. Gradually add 15 .0 mL of 0.1 N tetrabu-

(201 ). tylammonium hydroxide VS, recording the potentiometric 
Test solution: a solution in water containing about 20 mg titration curve. If the curve shows two inflection points, 

of Cetrimonium Bromide per mL. the volume of titrant added between the two points is not 
Sodium acetate solution- Transfer 135 g of sodium ace- greater than 2.0 mL. 

tate trihydrate to a 500-mL volumetric flask, add water to Assay-Transfer 2.0 g ofCetrimonium Bromide, accurately 

dissolve, dilute with water to volume, and mix. weighed, to a 100-mL volumetric flask, and dissolve in and 

Developing solvent: a mixture of acetone, Sodium acetate dilute with water to volume. Transfer 25 .0 mL of this solu-

solution, and methanol (20:35 :45). tion to a separatory funnel, and add 25 mL of chloroform, 10 

Procedure-Proceed as directed in the chapter. Remove mL ofO. l N sodium hydroxide VS, and 10.0 mL of a freshly 

the plate from the developing chamber, and dry the plate prepared solution of potassium iodide (1 in 20). Shake well, 

in a current of hot air. Allow to cool. Expose the plate to allow to separate, and discard the chloroform layer. Wash 

iodine vapor, and examine in daylight: the principal spot ob- the aqueous layer with three 1 0-mL portions of chloroform, 

tained from the Test solution is similar in position, color, and and discard the washings. Transfer the aqueous layer to a 

size to that obtained from the Standard solution. stoppered conical flask, add 40 mL of hydrochloric acid, al-
E: A solution of it meets the requirements of the tests 

for Bromide (191). 

Microbial limits ( 61 )-The total aerobic microbial count is 

not more than 103 microorganisms per g. The total com

bined molds and yeasts count is not more than 10 cfu per g. 

Acidity or alkalinity-To 50 mL of the solution obtained in 

the Appearance of solution test add 0.1 mL of bromocresol 

purple TS. Not more than 0.1 mL of 0.1 N sodium hydrox

ide or 0.1 N hydrochloric acid is required to change the col

or of the indicator. 

low to cool, and titrate with 0.05 M potassium iodate VS 

until the deep brown color is almost discharged. Add 2 

mL of chloroform, and continue the titration, shaking vigor

ously, until the color of the chloroform layer no longer 

changes. Perform a blank titration on a mixture of I 0.0 

mL of a freshly prepared solution of potassium iodide ( I 

in 20), 20 mL of water, and 40 mL of hydrochloric acid, 

and make any necessary correction. Each mL of0.05 M po

tassium iodate is equivalent to 36.45 mg of Cetrimonium 

Bromide (C19H42BrN) .• Nm 
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BRIEFING 

Hydrogenated Cottonseed Oil, page 1280 of PF 28(4) (July
Aug. 2002). This new monograph, which previously appeared in 
Pharmacopeia/ Previews , is now forwarded to In-Process Revi
sion. It is proposed to add storage conditions to the Packaging 
and storage section. 

(EMC: E. Gonikberg; PSD: C. Okeke) RTS- 39354-1 

Add the following: 

• Hydrogenated Cottonseed Oil 

» Hydrogenated Cottonseed Oil is the product ob

tained by refining and hydrogenating oil obtained 

from seeds of cultivated plants of various varieties 

of Gossypium hirsutum Linne or of other species 

of Gossypium (Fam. Malvaceae). The product 

consists mainly of triglycerides of palmitic and 

stearic acids. 

Packaging and storage-Store in tight, light-resistant con

tainers. Store at room temperature, avoid excessive heat and 

freezing. Protect from moisture. 

Identification-

A: It complies with the test for Fatty acid composition. 

B: It complies with the test for Melting range. 

Melting range, Class II (741 ): between 57° and 70°. 

Acid value ( 401 )-Dissolve about 10 g of Hydrogenated 

Cottonseed Oil, accurately weighed, in 50 mL of a hot mix

ture ofneutralized alcohol and toluene (1:1), add 0.5 mL of 

phenolphthalein TS, and titrate with 0.1 N potassium hy

droxide VS to produce a permanent, faint pink color: the 

acid value so obtained is not more than 0.5. 

Peroxide value (401 ): not more than 5.0. 

Unsaponifiable matter (401 ): not more than 1.0%, deter

mined on 5.0 g. 

Fatty acid composition-Hydrogenated Cottonseed Oil 

exhibits the following composition profile of fatty acids, 

as determined in the section Fatty Acid Composition under 

Fats and Fixed Oils (401 ): 

Carbon-chain No. of double Percentage(%) 

leng!h bonds 

<14 0 ::;0.2 

14 0 '.S 1.0 

16 0 19-26 

18 0 68-80 

20 0 '.S 1.0 

22 0 ::;1.0 

24 0 ::;o.5 

18 1 ::;4.0 

18 2 '.S 1.0 

Alkaline impurities- Dissolve by gentle heating 2.0 g of 

Hydrogenated Cottonseed Oil in a mixture of 1.5 mL of al

cohol and 3.0 mL of toluene. Add 0.05 mL ofbromophenol 

blue TS, and titrate with 0.0 I N hydrochloric acid to a yel

low endpoint: not more than 0.4 mL of0.01 N hydrochloric 

acid is required. 

Limit of nickel-

Test solution-Weigh 5.0 g of Hydrogenated Cottonseed 

Oil into a previously tared platinum or silica crucible. Cau

tiously heat and introduce into the substance a wick formed 

from twisted ashless filter paper. Ignite the wick. When the 

substance ignites, stop heating. After combustion, ignite in a 

muffle furnace at about 600°. Continue the incineration until 

white ash is obtained. After cooling, transfer the residue, 

with the aid of two 2-mL portions of diluted hydrochloric 

acid, to a 25-mL volumetric flask, add 0.3 mL ofnitric acid, 

and dilute with water to volume. 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 



142 IN-PROCESS REVISION 
Pharmacopeial Forum 

Vol. 29(1) [Jan.-Feb. 2003] 

Nickel standard solution-Immediately before use, dilute 
IO mL of nickel standard solution TS with water to 500 mL. 
This solution contains the equivalent of 0.2 µg of nickel per 
g. 

Standard solutions-Into three identical 10-mL volu
metric flasks, introduce respectively 1.0, 2.0, and 4.0 mL 
of Nickel standard solution. To each flask , add a 2.0-mL 
portion of the Test solution, and dilute with water to volume. 

Procedure-Concomitantly determine the absorbances of 
the Standard solutions and the Test solution at least three 
times each, at the wavelength of maximum absorbance at 
232.0 nm, with a suitable atomic absorption spectrophotom
eter (see Spectrophotometry and Light-Scattering (851 )) 
equipped with a graphite furnace and a nickel hollow-cath
ode lamp. Record the average of the steady readings for 
each of the Standard solutions and the Test solution. Plot 
the absorbances of the Standard solutions and the Test solu
tion versus the added quantity of nickel. Extrapolate the line 
joining the points on the graph until it meets the concentra
tion axis . The distance between this point and the intersec
tion of the axes represents the concentration of nickel in the 
Test solution. Not more than 1 µg per g is found . .i.NFll 

BRIEFING 

Dimethicone, NF 21 page 2733 and page 813 of PF 28(3) [May- June 2002]. It is proposed to specify the crystal angles for the germanium (Ge) sample trough in the Assay. The previously proposed editorial revision to the name of the reagent used in the test for Bacterial endoroxins is being cancelled. 

(PA4: E. Gonikberg) RTS- 38460-1 

Change to read: 
Assay-Use an IR spectrophotometer with a resolution of 4 cm-1 and fitted with an accessory for attenuated total reflectance (see Spectrophotomet,y and Light-Scattering (851 )) 

•and a germanium (Ge) sample trough (45° or 60°) .• Nm Fill the trough of the accessory with Dimethicone, and record the spectrum between 4000 cm-1 and 700 cm-1
• Clean the trough, fill it with USP Polydimethylsiloxane RS, and record the spectrum as above. Clean the trough, and record the spectrum as above to obtain a background spectrum. Examine the spectra in the range between 1300 cm-1 and I 200 cm-1

, and calculate the absorbance of the peak in each spectrum at about 1259 cm-1
• Calculate the percentage of [- (CH3)zSiO-Jn in the Dimethicone taken by the formula: 

I 00(A ul As)(Dsl Du), 
in which Au is the absorbance of the Dimethicone; As is the absorbance of USP Polydimethylsiloxane RS; and Ds and Du are the specific gravities of the USP Polydimethylsiloxane RS and Dimethicone, respectively. 

BRIEFING 

Hypromellose Acetate Succinate, page 1635 of PF 28(5) [Sept- Oct. 2002]. This new monograph, which previously appeared in Pharmacopeia/ Previews, is now forwarded to in-Process Revision . It is proposed to add storage conditions to Packaging and storage. ln addition, editorial style changes have been made. 

(EMC: E. Gonikberg; PSD: C. Okeke) RTS- 39098-1 

Add the following: 

,._Hypromellose Acetate Succinate 

Hydroxypropyl methylcellulose acetate succinate. 
Cellulose, 2-hydroxypropyl methyl ether, acetate hydrogen 

butanedioate. 

Cellulose, 2-hydroxypropyl methyl ether, acetate succi-
nate [71138-97-1]. 

» Hypromellose Acetate Succinate is a mixture of 
acetic acid and monosuccinic acid esters of hydro
xypropyl methylcellulose. When dried at 105° for 
1 hour, it contains not less than 12.0 percent and 
not more than 28.0 percent of methoxy groups 
(-OCH3), not less than 4.0 percent and not more 
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than 23.0 percent of hydroxypropoxy groups 

(-OCH2CHOHCH3), not less than 2.0 percent 

and not more than 16.0 percent of acetyl groups 

(-COCH3), and not less than 4.0 percent and not 

more than 28.0 percent of succinoyl groups 

(-COC2H4COOH). 

Packaging and storage- Preserve in tight containers. 

Store at room temperature. Avoid excessive heat and freez

ing. Protect from moisture . 

Labeling- Label it to indicate its nominal viscosity type. 

USP Reference standards ( 11 )-USP Hypromellose Ace

tate Succinate RS. 

Identification, Infrared Absorption (197K), on undried 

specimen. 

Viscosity (911 )-

Sodium hydroxide solution-Immediately before use, dis

solve 4.3 g of sodium hydroxide in carbon dioxide-free 

water to make 1000 mL. 

Procedure-To 2.00 g of Hypromellose Acetate Succi

nate, previously dried, add Sodium hydroxide solution to 

make I 00.0 g, stopper the vessel, and dissolve by constant 

shaking for 30 minutes. Adjust the temperature of the solu

tion to 20 ± 0.1 °, and determine the viscosity in the suitable 

viscometer as directed for Procedure for Cellulose Deriva

tives under Viscosity (9 11 ). Its viscosity is not less than 80% 

and not more than 120% of that stated on the label. 

Loss on drying (73 1 )-Dry it at 105° for I hour: it loses 

not more than 5.0% of its weight. 

Residue on ignition (281): not more than 0.20%, deter

mined at 600 ± 50°. 

Heavy metals, Method II (231 ) : 0.001%. 

Limit of free succinic acid-Transfer about 1.5 g ofHypro

mellose Acetate Succinate, previously dried at 105° for 1 

hour and accurately weighed, to a separator, dissolve in 

50 mL of a mixture of dehydrated alcohol and dichloro

methane (3:2, v/v), add 75 mL of water with shaking, and 

then add 50 mL of hexane and 1 g of sodium chloride. 

Shake well, and separate the lower water layer. Extract the 

organic layer with 50 mL of water, and combine the wash

ing and the water layer. Add 3 drops of phenolphthalein TS, 

and titrate with 0.1 N sodium hydroxide VS. Perform a 

blank determination, and make any necessary correction. 

Each mL of 0.1 N sodium hydroxide is equivalent to 

5.904 mg of C4H60 4: not more than 1.0% is found. 

Content of methoxy and hydroxypropoxy groups

[ Caution-Hydriodic acid and its reaction byproducts are 

highly toxic. Perform all steps in the preparation of the Test 

solution and the Standard solution in a properly functioning 

hood. Specific safety practices to be followed are to be iden

tified to the analyst performing this test.] 

Hydriodic acid-Use a reagent having a specific gravity 

of at least 1.69, equivalent to 55% HI. 

Internal standard solution-Transfer about 2.5 g of tolu

ene, accurately weighed, to a 100-mL volumetric flask con

taining 10 mL of a-xylene, dilute with a-xylene to volume, 

and mix. 

Standard solution-Into a suitable serum vial weigh about 

135 mg ofadipic acid and 4.0 mL of Hydriodic acid, pipet 4 

mL of Internal standard solution into the vial, and close the 

vial securely with a suitable septum stopper. Weigh ac

curately the vial and contents, add 30 µL ofisopropyl iodide 

through the septum with a syringe, weigh again, and calcu

late the weight of isopropyl iodide added, by difference. Si

milarly, add 90 µL of methyl iodide weigh again, and 

calculate the weight of methyl iodide added, by difference. 

Shake, and allow the layers to separate. 
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Test solution-Transfer about 0.065 g of Hypromellose 

Acetate Succinate, previously dried at 105° for 1 hour and 

accurately weighed, to a 5-mL thick-walled reaction vial 

equipped with a pressure-tight septum-type closure, add 

an amount of adipic acid equal to the weight of the test 

specimen, and pipet 2 mL of Internal standard solution into 

the vial. Cautiously pipet 2 mL of Hydriodic acid into the 

mixture, immediately cap the vial tightly, and weigh ac

curately. Mix the contents of the vial continuously while 

heating at 150° for 60 minutes. Allow the vial to cool for 

about 45 minutes, and weigh again . If the weight loss is 

greater than IO mg, discard the mixture, and prepare another 

Test preparation. 

Chromatographic system-The gas chromatograph is 

equipped with a thermal conductivity detector and a 4-mm 

x 1.8-m glass column packed with 20% liquid phase G28 

on I 00- to 120-mesh support SIC that is not silanized. He

lium is used as the carrier gas, and the temperature of the 

column is maintained at 130°. Chromatograph the Standard 

solution, and record the peak responses as directed for 

Procedure: the relative retention times of methyl iodide, iso

propyl iodide, toluene, and a-xylene are approximately 1.0, 

2.2, 3.6, and 8.0, respectively; and the resolution, R, be

tween the toluene and isopropyl iodide peaks is not less than 

2.0. 

Calibration-Inject about 2 µL of the upper layer of the 

Standard solution into the gas chromatograph, and record 

the chromatograms. Calculate the relative response factor, 

FM, of equal weights of toluene and methyl iodide taken 

by the formula: 

in which QM is the quantity ratio of methyl iodide to toluene 

in the Standard solution, and RsM is the peak area ratio of 

methyl iodide to toluene obtained from the Standard solu-

tion. Similarly, calculate the relative response factor, F" of 

equal weights of toluene and isopropyl iodide taken by the 

formula: 

in which Q1 is the quantity ratio ofisopropyl iodide to tolu

ene in the Standard solution, and R51 is the peak area ratio of 

isopropyl iodide to toluene obtained from the Standard 

solution. 

Procedure- Inject about 2 µL of the upper layer of the 

Test solution into the gas chromatograph, and record the 

chromatograms . Calculate the percentage of methoxy 

groups (- OCH3) in the portion of Hypromellose Acetate 

Succinate taken by the formula: 

in which 31/142 is the ratio of the formula weights of the 

methoxy group and methyl iodide; FM is defined under Ca

libration; R uM is the ratio of the area of the methyl iodide 

peak to that of the toluene peak obtained from the Test solu

tion; Wr is the weight, in g, of toluene used to prepare the 

Internal standard solution; and Wu is the weight, in g, of 

Hypromellose Acetate Succinate taken to prepare the Test 

solution. Similarly, calculate the percentage ofhydroxypro

poxy groups (-OCH2CHOHCH3) in the portion of Hypro

mellose Acetate Succinate taken by the formula: 

in which 75/170 is the ratio of the formula weights of the 

hydroxypropoxy group and isopropyl iodide; F1 is defined 

under Calibration; RUJ is the ratio of the area of the isopro

pyl iodide peak to that of the toluene peak obtained from the 

Test solution; Wr is the weight, in g, of toluene used to pre

pare the Internal standard solution; and Wu is the weight, in 

g, of Hypromellose Acetate Succinate taken to prepare the 

Test solution. 
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Content of succinoyl groups-Transfer about 1 g of Hy

promellose Acetate Succinate, previously dried at 105° for 

1 hour and accurately weighed, to a conical flask , dissolve in 

50 mL of a mixture of alcohol, acetone, and water (2:2: I, 

v/v), add 2 drops of phenolphthalein TS, and titrate with 

0.1 N sodium hydroxide VS . Perform a blank determina

tion, and make any necessary corrections. Calculate the per

centage of succinoyl groups by the formula: 

(1.0108V/ W) - 1.7120S, 

in which Vis the volume, in mL, of0. l N sodium hydroxide 

consumed after correction for the blank; Wis the weight, in 

g, of Hypromellose Acetate Succinate taken; and S is the 

percentage of free succinic acid found as directed in the test 

for Limit of free succinic acid. 

Content of acetyl groups-

Apparatus- Use the apparatus illustrated in Figure 1. 

80-t-.. , /" ,, 

H --,,------.,, 
"' 
0 

"' 
0 ..., 

0 
M 

loo 

Jo 

G 

20 

A 

Figures are in mm. 
A: Oil bath E: Vigreux distilling column with 
B: Steam generator (100 ml) 
C: Steam and nitrogen 

induction tube 
D: Decomposition flask (25 ml) 

aluminum foil insulator 
F: Condenser 
G: Measuring cylinder (100 ml) 
H: Nitrogen induction tube 

Figure I: Apparatus for Determination of Content of Acetyl Groups 

Internal standard solution-Transfer 1.0 mL of propionic 

acid into a 250-mL volumetric flask, and dilute with Diluent 

to volume. 

Diluent- Use diluted phosphoric acid (1 in 5000). 
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Standard solution-Transfer about 100 mg of glacial ace

tic acid , accurately weighed, into a 100-mL volumetric 

flask, and dilute with Diluent to volume. Transfer 15 mL 

of this solution to another 100-mL volumetric flask, add 

5.0 mL of the Internal standard solution, and dilute with 

Diluent to volume. 

Test solution-Transfer about 150 mg of Hypromellose 

Acetate Succinate, previously dried at 105° for 1 hour and 

accurately weighed, to decomposition flask D, add 5 mL of 

sodium hydroxide TS, dissolve by shaking, and decompose 

in a water bath at 60° for 2 hours. After cooling, add 5 mL of 

diluted phosphoric acid (1 in 6), and immediately construct 

the apparatus as shown in Figure 1. Dip the decomposition 

flask and steam generator Bin the oil bath at 155°, while 

passing nitrogen from nitrogen induction tube H at a rate 

of I to 2 bubbles per second, continue the distillation at 

the same temperature, and collect the distillate in measuring 

cylinder G. Take 60 mL of the distillate, wash the inside of 

condenser F with IO mL of water, combine the washing with 

the distillate in a 100-mL volumetric flask, add 5.0 mL of 

the Internal standard solution, and dilute with water to vol

ume. 

Chromatographic system-The gas chromatograph is 

equipped with a flame-ionization detector and a 3-mm x 

2-m glass column packed with 60- to 80-mesh support S2. 

The carrier gas is helium, and the temperature of the column 

is maintained at 180°. Adjust the flow rate so that the inter

nal standard peak elutes in about 5 minutes . Chromatograph 

the Standard solution, and record the peak responses as di

rected for Procedure: the elution order is acetic acid, fol

lowed by the internal standard peak. The resolution, R, 

between these peaks is not less than 2.0; and the relative 

standard deviation for replicate injections is not more than 

2.0% for each of the two peaks. 

Procedure-Separately inject equal volumes (about 2 µL) 

of the Standard solution and the Test solution into the chro

matograph, record the chromatograms, and measure the re

sponses for the major peaks. Calculate the ratio, Ru, of the 

area of the acetic acid peak to the area of the internal stan

dard peak in the chromatogram obtained from the Test solu

tion, and similarly calculate the ratio, Rs, in the 

chromatogram obtained from the Standard solution. Calcu

late the percentage of acetyl groups (-COCH3) in the portion 

of Hypromellose Acetate Succinate taken by the formula: 

(Rul R5)(Wsl W) x 0.15 x 71.68, 

in which Ws is the weight, in mg, of glacial acetic acid used 

to prepare the Standard solution; Wis the weight, in mg, of 

the portion of Hypromellose Acetate Succinate taken; and 

the other terms are as defined therein .• Nn i 

BRIEFING 

Maltitol Solution, NF 21 page 2789 and page 824 of PF 28(3) 
[May- June 2002]; Maltose, page 1465 ofPF 28(5) [Sept.- Oct. 
2002]; Sorbitol, NF 21 page 2841 and page 833 of PF 28(3) 
[May- June 2002]; Sorbitol Solution, USP 26 page 1707 and page 
787 of PF 28(3) [May- June 2002]; Anhydrized Liquid Sorbitol, 
page 953 of PF 28(3) [May-June 2002]; Noncrystallizing Sorbi
tol Solution, NF 21 page 2842 and page 835 of PF 28(3) [May
June 2002] . These monographs are being presented again with 
changes to the Packaging and storage sections. It is proposed to 
revise the current Packaging and storage statements to incorporate 
specifications provided by the manufacturer. 

(EMC: C. Sheehan; PSD: C. Okeke) RTS- 39358-4 

Change to read: 

» Maltitol Solution is an aqueous solution of a hydfo 
geeated, partially h)'dfolyzed stafeh. H eoetaimi, 

•containing,.2 
on the anhydrous basis, not less than 50.0 percent of D

maltitol (C12H24011) (w/w), and not more than~ 

•8.0.2 
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percent of D-sorbitol (C6H1406) (w/w). The amounts 
of total sugars, other polyhydric alcohols, and any 
polyol anhydrides, if detected, are not included in the 
requirements nor 

•in.2 
the calculated amount under Other Impurities. 

Change to read: 
Packaging and storage Pres er, e iR tigl½t eeRtai1½ers. 

•Preserve in well-closed containers. Do not store below 

2oo·• NF2l 

Change to read: 
Identification-

A: De,etepi,1g !iBhe,11 PFeflaFe a milttuFe of 11 flFOfl)'I aleo 
hol, eth)·I aeetate, aRd .. ·ater (7Q:2Q: IQ). 

811:Mlffl, titJB!11liB,1 Dissol, e U8P Maltitol R8 iR ll'ater to oetaiR 
a solulioR haYiRg a eoReeRtratioR of 2.5 mg fler HtL. 

T-'e!il !iB!ttliB,1 Dih1te Mahitol 8oltttioR with water to oetaifl a 
solutiofl eoRtaiRiRg, OR the aflh)·tlrous easis, aeout 2.5 tflg of1'flal 
titol fler m±.:. 

P, Beetiw e Aflfll)' seflaFEHel)' 2 t:tL eaeh of the 81a,1ekvti !iB!tt 
liB,1 ane the ml aB!ttliB,1 to a thifl la)·er el½fomatograflhie fllate (see 
Ch, BmalBg, epltj (eU)) eoalee .. ith a Q.25 mm la) er of el½foma 
tograflhie siliea gel. Allow the Sflots to dr)', tlfle de•.·elofl the fllate ifl 
a ee, elofliRg ehameer eoF1tait1ifl.g the De, et-epi,1g !iB!, e,11 ttfltil t~,e 
sol ,·eflt ffoflt has mo ,·ea aeottt 17 em. Remo,·e the fllate ffom the 
ehameer, marlc the sol1,·eF1t ffoflt, afle allow the soh•eflt to e•,·aflO 
rate. 8flra)' the fllate with soeium melafleriodate soltttiofl (l ill. 5QQ), 
air er:, for 15 mifltttes, SflFa)' with a I ifl 5Q soltttiofl of 4,netra 
meth) leiamiRotliflhefl)'h'flell½afle ifl a milttme of aeetm½e aHe gla 
eial aeetie aeie (4: I), aRd wait for 3Q mi flutes to eriRg out tl½e 
full eolOF of the SflOIS: the flFifleiflal SflOt oetait½ee from the ml 

w!t11iB,1 eoFreSflORds ifl R1 ,·alue at1d eolor to Hmt oetaiRee ffom 
the 8/a<'llffl, « !iBlt1liB,1. 

•Dissolve 1.4 g of Maltitol Solution in 75 mL of water. 

Transfer 3 mL of this solution to a 15-cm test tube, add 3 mL 

of freshly prepared catechol solution (1 in 10), and mix. Add 

6 mL of sulfuric acid, mix, and gently heat the tube in a 

flame for about 30 seconds: a deep pink or wine red color 

appears .• 2 
B: The retention time of the major peak in the chromatogram 

of the Assay preparation corresponds to that in the chromatogram 
of the Standard preparation , as obtained in the Assay. 

Add the following: 

•Microbial limits (61 )-The total aerobic microbial count 

using the Plate Method is not more than 103 cfu per mL, and 

the total combined molds and yeasts count is not more than 

102 cfu per mL. ■2 

Add the following: 

•pH (791 ): between 5.0 and 7.5, in a 14% (w/w) solution of 

Maltitol Solution in carbon dioxide-free water. . 2 

Change to read: 
Water, Method I (92 1): not more than ~ 

•31.5% .• 2 

Change to read: 
Residue on ignition (28 I): not more than 0.1 %, 

•calculated on the anhydrous basis, determined on a 2-g 

portion, accurately weighed .• 2 

Delete the following: 
•C1tleride (™ ) A 1.5 g flOrtiofl shows RO more ehloride thafl 
eotTeSflORds to Q. IQ HtL ofQ.Q2Q ~l h)·tlroehlorie aeie (Q.QQ5%) .• 2 

Delete the following: 
•~(™ ) A l.Q g flOrliofl shows RO more sttlfote thafl eor 
resflORes to Q.1 Q HtL ofQ.Q2Q ~I sttlfttrie aeid (Q.Q I Q%) .• 2 

Delete the following: 
•neey,· ffle£1tls, UelhBti ll (™ ): Q , QQl%.■2 

Change to read: 
Reducing sugars Dilute Q.2 g with water to 2 mL. Aed 5 fflL of 
alltalifle ettflrie eitrate T8. Beat for 5 mifltttes ia a eoiliRg .. ·ater 
eath: ROI l'flore thafl a slight flreeij'litato is foR'fled. The amouflt de 
termiRed ifl this test is Rot tfleluded it1 the ealettlated at'f!Ottflt uReer 
Ot.~e, Jmpw Wa. 

•To an amount of Maltitol Solution, equivalent to 3.3 g on 

the anhydrous basis, add 3 mL of water, 20.0 mL of cupric 

citrate TS, and a few glass beads. Proceed as directed in the 

test for Reducing sugars under Mannitol, beginning with 

"Heat so that boiling begins ." Not less than 12.8 mL of 

0.05 N sodium thiosulfate VS is required, corresponding 

to not more than 0.3% of reducing sugars, on the anhydrous 

basis, as glucose. The amount determined in this test is not 

included in the calculated amount under Other lmpurities .• 2 

Add the following: 

•Limit of nickel- Proceed as directed in the test for Limit 

of nickel under Sorbitol Solution . Not more than 1 µg per g, 

calculated on the anhydrous basis, is found .• 2 

Change to read: 
Assay-

Mobile phase-Use degassed water. 
Standard preparation-Dissolve accurately weighed quantities 

of USP Maltitol RS and USP Sorbitol RS in water, !ifle eilttte Ejttafl 
titati,·el)' with .. ·ateF to oetatfl a solutiofl ha, iRg lrao n'fl eoF1eeF1eaa 
tiOflS of aeout J Q,Q mg of inaltitol !if!S I .e mg of soreitol fl8F ffl±::. 

• to obtain a solution having known concentrations of about 

10 mg per g and 1.6 mg per g, respectively .• 2 
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Assay preparation TFaHsfoF abot:tl I g of Solt:tlioH, aeet:tFalely 
\, eighed, to a 50 FHL Yelt:tl'HOIAe fl09lc, dil1:11e with wateF to YOlt:t!'He, 
aHd rHiH . 

•Accurately weigh about 0.4 g ofMaltitol Solution, and dis-

solve in and dilute with water to about 20 g. Accurately re

cord the final solution weight, and mix thoroughly .• 2 
Chromatographic system (see Chromatography (62 I ) )- The 

liquid chromatograph is equipped with a refractive index detector 
that is maintained at a constant temperature aad a 9 ff!ffi H 30 e1n 
eol1:11nH !hat eoHlaiH9 paelciHg LI 9. The eol1:11nR teFHpeFatt:tre is 
ffiaiataiHed at 85 J_ 0.5°, 

•of about 35° and a 7.8-mm x 10-cm column that contains 

packing L34. The column temperature is maintained at a 

constant temperature of about 60°, controlled to within ± 
2° , ■2 
and the flow rate is about 0.5 mL per minute. Chromatograph the 
Standard preparation , and record the peak responses as directed 
for Procedure: 

•the relative retention times are about 0.38 for maltotriitol, 

0.48 for maltitol, and 1.0 for sorbitol;.2 
the tailing factor for maltitol 

•and sorbitol ■2 
is not more than 1.2; and the relative standard deviation for rep
licate injections is not more than 2.0%. 

Procedure-Separately inject equal volumes (about~ 

•IO µL)■2 
of the Assay preparation and the Standard preparation into the 
chromatograph, record the chromatograms, and measure the re
sponses for the major peaks. The el1:1tieH paHem iHelt:1des a bFoad 
baad, ste.rliag ffo1n the , eid , 0l1:1FRe, thal iHel1:1des the higheF !'HO 
lee1:1laF ,\·eight h;·dFogeRaled pol;·saeehaFides, folloY,.ed b;· 3 iadi 
,·idt:tal pealcs FOpFeseHliRg 1naholfiitel, ffialtitol , aad s01bitol. The 
Felati,·e FeteRtioH tiFRe9 aFe abet:tt (H 5 foF !'Haltolfiitol, 0.6 foF FR al 
titol , aRd 1.0 foF s0Fbi10I. SepaFatel; eale1:1late the ~t:taatities, ia 1ng, 
ef seFbitol aRd ffialtitel ia !ho poflioa of Solt:tlioR talceri b;· !he foF 
ffitffir.-

iH whieh C is !he eoHeeHlfalieH, iH ffig per FR:b, of the appropriate 
USP Reforeaee StandaFd ia the 8-M,,dtl, tip, ,ept1, t1li1m 

•Separately calculate the percentages, 0fH1eltit0I eRd serei 

tel on the anhydrous basis, of D-maltitol and D-sorbitol in 

the portion of Maltitol Solution taken by the formula :. 2 

in which Cs is the concentration, in mg per g, of the appro

priate USP Reference Standard in the Standard prepara

tion ;, eele1:1leted eR the eRh)'dr01:1s aesis C u is the 

concentration, in mg per g, of the e01=resf.l0RdiHg eFtelyte 

Maltitol Solution in the Assay preparation; , eele1:1leted 0R 

ttte Elfillj'df01:19 aasis; fiRd■2 
ru and rs are the peak responses of the corresponding analyte ob
tained from the Assay preparation and the Standard preparation, 
respectively 

• ; and W is the percentage obtained in the test for Water. ■2 

BRIEFING 

Maltose, page 1465 of PF 28(5) [Sept- Oct. 2002]. This new 
monograph is being presented again with changes to the Packaging 
and storage section. See briefing under Maltitol Solution. 

(EMC: C. Sheehan; PSD: C. Okeke) 

Add the following: 

•Maltose 

HO 

H 

C12H22O1 I • H2O 

and C1 2H22O11 

OH 

0 

360.31 

342.30 

RTS- 39318-1 

H OH 

4-0-cx-D-Glucopyranosyl-~-D-glucopyranose. 

. H,0 

» Maltose is a sugar. It contains one molecule of 

water of hydration or is anhydrous. It contains not 

less than 92.0 percent of maltose, calculated on 

the anhydrous basis. The amounts of other sugars, 

if detected, are not included in the requirements or 

the calculated amount under Other Impurities. 
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Change to read: 
Packaging and storage Preser,e iH tight eoHtaiHers. 

.. Preserve in well-closed containers. Store at room tempera-

ture ... Nni 

USP Reference standards ( 11 )-USP Maltose Mono hy

drate RS. 

Identification-

A: Add 2 to 3 drops ofa solution of Maltose (1 in 20) to 

5 mL of hot alkaline cupric tartrate TS. A red precipitate is 

formed. 

B: The retention time of the major peak in the chroma

togram of the Assay preparation corresponds to that of the 

chromatogram of the Standard preparation, as obtained in 

the Assay. 

pH (791 )-Prepare a 1 in 10 solution in carbon dioxide-free 

water. For the anhydrous form, it is between 3.7 and 4.7 and 

for the monohydrate form, it is between 4.0 and 5.5 . 

Water, Method I (921 )- The anhydrous form contains not 

more than 1.5%. The monohydrate form contains not less 

than 5.0% and not more than 6.5%. 

Residue on ignition (281 ): not more than 0.05%, deter

mined on a 2-g portion, accurately weighed. 

Heavy metals, Method I (231 ): not mo~e than 5 µg per g. 

Dextrin, starch, and sulfite-Dissolve 1.0 g of Maltose in 

10 mL of water, and add 1 drop of iodine TS : a yellow color 

develops. Then add 1 drop of starch TS to this portion: a 

blue color develops. 

Assay-

Mobile phase-Use degassed water. 

Resolution solution- Dissolve accurately weighed quan

tities of maltotriose, maltose, and glucose in water, to obtain 

a solution having concentrations of about 10 mg of each per 

g. 

Standard preparation- Dissolve an accurately weighed 

quantity of USP Maltose Monohydrate RS in water, to ob

tain a solution having a concentrations of about 10 mg e{ 

eaeh per g. Calculate the exact concentration on the anhy

drous basis . 

Assay preparation- Dissolve about 0.10 g of Maltose, ac

curately weighed, in water, and dilute with water to about 10 

g. Accurately record the final solution weight, and mix thor

oughly. 

Chromatographic system (see Chromatography (621 ))-

The liquid chromatographic system is equipped with a re

fractive index detector maintained at a constant temperature 

of about 40°, and a 7 .8-mm x 30-cm column that contains 

packing L54 . The column temperature is maintained at 

about 80°, controlled to within ± 2°. Chromatograph the 

Resolution solution, and record the peak responses as direc

ted for Procedure. Adjust the flow rate such that the reso

lution, R, between maltotriose and maltose is not less than 

1.6, and that between maltose and glucose is not less than 

4 .0. Chromatograph the Standard preparation, and record 

the peak responses as directed for Procedure: the relative 

retention times are about 0.9 for maltotriose, 1.0 for maltose, 

and 1.2 for glucose; and the relative standard deviation for 

replicate injections is not more than 2.0%. 

Procedure-Separately inject equal volumes (about 20 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the responses for the major peaks . Calculate the 

percentage of Maltose on the anhydrous basis , taken by 

the formula : 

(10,000(Cs/ Cu)(rul rs)]/( 100 - W) , 

in which Cs is the concentration, in mg per g, on the anhy

drous basis of USP Maltose Monohydrate RS in the Stan

dard preparation; Cu is the concentration, in mg per g, of 

Maltose in the Assay preparation; ru and rs are the peak re-
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sponses obtained from the Assay preparation and the Stan

dard preparation, respectively; and Wis the percentage ob

tained in the test for Water. ■2 

BRIEFING 

Methyl Alcohol, NF 21 page 2792. 

(EMC: C. Sheehan) RTS- 39396-1 

Erratum: 
Assay, line 2: Change "3-mm x 2-m (OD)" to: 2-m x 3-mm 

(OD) 

BRIEFING 

Polyisobutylene, page 1287 of PF 28(4) [July- Aug. 2002]. 
This new monograph, which previously appeared in Pharmaco
peia/ Previews, is now forwarded to In-Process Revision. It is pro
posed to add storage conditions to the Packaging and storage 
section. In addition, minor editorial style changes have been made. 

(EMC: E. Gonikberg; PSD: C. Okeke) RTS- 39352-1 

Add the following: 

• Polyisobutylene 

[9003-2 7-4]. 

» Polyisobutylene is a synthetic polymer pro

duced by the low-temperature polymerization of 

isobutylene in liquid ethylene, methylene chlo

ride, or hexane, using an aluminum-chloride or 

boron-trifluoride catalyst. 

Packaging and storage-Store in well-closed containers. 

Store at room temperature, and avoid excessive heat and 

freezing. Protect from moisture. 

Labeling- Label it to indicate the nominal molecular 

weight and the solvent used in the polymerization process. 

USP Reference standards ( 11 )-USP Polyisobutylene RS. 

Identification, Infrared Absorption ( 197F)-Prepare the 

sample by dissolving it in hot toluene and evaporating on 

a salt plate. 

Loss on drying (731 )-Dry a 5-g sample for 2 hours at 

105°: it loses not more than 0.1 % of its weight. 

Lead (251 )-Weigh accurately about 3.3 g of Polyisobuty

lene, transfer to a porcelain dish, and heat on a hot plate until 

completely charred. Then heat in a muffle furnace at 480° 

for 8 hours, and cool. Cautiously add 5 mL of nitric acid, 

evaporate to dryness on a hot plate, then heat again in the 

muffle furnace for exactly 15 minutes, and cool. Extract 

the ash with two 10-mL portions of water, filtering each ex

tract into a separator. Leach any insoluble material on the 

filter with 6 mL of Ammonium Citrate Solution, 2 mL of Hy

droxy/amine Hydrochloride Solution , and 5 mL of water, 

adding the filtered washings to the separator. Continue as 

directed under Procedure, beginning with "Add two drops 

of phenol red TS ... ", and use 10 mL of Diluted Standard 

Lead Solution (10 µg of lead) for the control: the color of 

the sample solution does not exceed that in the control 

(0.0003%). 

Molecular weight-

Solvent-Use diisobutylene. 
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Test solution ]-Dissolve I g of Polyisobutylene, ac

curately weighed, in 95 mL of Solvent, filter into a 100-

mL volumetric flask, dilute with Solvent to volume, and 

mix. Transfer 50.0 mL of the solution so obtained into a 

tared dish, evaporate on a steam bath for about 1 hour, 

and then complete the evaporation to dryness by heating 

in the vacuum oven at 70° to constant weight. Calculate 

the concentration of Test solution 1. 

Test solution 2-Transfer 2.0 mL of Test solution 1 to a 

50-mL volumetric flask, and dilute with Solvent to volume. 

Calculate the concentration of Test solution 2. 

Test solution 3-Transfer 5.0 mL of Test solution I to a 

50-mL volumetric flask, and dilute with Solvent to volume. 

Calculate the concentration of Test solution 3. 

Test solution 4-Transfer 10.0 mL of Test solution 1 to a 

50-mL volumetric flask, dilute with Solvent to volume. Cal

culate the concentration of Test solution 4. 

Procedure- Using a Cannon-Fenske, or equivalent visc

ometer, having dimensions such that the flow time is not less 

than 200 seconds, measure the flow of the Solvent and of 

each of the four Test solutions at 20°. Calculate the specific 

viscosity, T1 ,p, of Test solution I by the formula: 

(tl t0) - l, 

in which t0 is the flow time, in seconds, of the Solvent; and t 

is the flow time, in seconds, of Test solution I . Calculate the 

reduced viscosity of Test solution I by the formula: 

T1,p/C, 

in which T1 sp is the specific viscosity, calculated above; and 

C is the concentration, in g per 100 mL, of Test solution 1. 

Calculate the specific viscosity and the reduced viscosity of 

Test solutions 2, 3, and 4 in the same manner as Test solution 

1. 

Plot the reduced viscosity of each solution against con

centration, and extrapolate to zero concentration to obtain 

the intrinsic viscosity, [T)]. Finally, calculate the molecular 

weight of Polyisobutylene by the formula: 

([T)] / K)lla, 

in which K is 3.60 x 1Q-4 and a is 0.64 .• Nm 

BRIEFING 

Pregelatinized Starch, NF 21 page 2843 and page 1290 of PF 
28(4) [July- Aug. 2002]. The proposed changes, which previously 
appeared in Pharmacopeial Previews, are now being forwarded to 
In-Process Revision. 

(EMC: C. Sheehan) RTS- 38459-01 

Add the following: 

•Packaging and storage-Preserve in well-closed contain-

ers .• NF22 

Add the following: 

•Labeling-Label it to indicate the botanical source from 

which it was derived. • Nm 

Add the following: 

•identification-A water slurry of it is colored reddish vio

let to deep blue by iodine TS. • Nm 

Add the following: 

•Microbial limits ( 61 )-It meets the requirements of the 

tests for absence of Salmonella species and Escherichia 

coli.• NFn 

Add the following: 

•Loss on drying (731 )-Dry it at 120° for 4 hours: it loses 

not more than 14.0% of its weight.•Nm 
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Add the following: 

"'Residue on ignition (281 ): not more than 0.5%, deter

mined on a 2.0-g test specimen . .t.Nm 

Delete the following: 
"'Other re1111ire111ents It Fespeads te }<ie,11ijtefilitm test B ead 

meets the FeEjuiFemeats fer Pfiekttgirrt; firrd SIB, fit;e , bfibe!i,11;, Mi 

e, BBifil !imils, bBss BIi d:-,·int; , ead P:esidtte BIi it;11ilim1 uReeF 

~.t.NF22 

BRIEFING 

Sorbitol, NF 21 page 2841 and page 833 of PF 28(3) [May

June 2002)- See briefing under Maltitol Solution. 

(EMC: C. Sheehan; PSD: C. Okeke) RTS- 39358-1 

Change to read: 

» Sorbitol contains not less than 91.0 percent and not 

more than l 00.5 percent of G~Git, 

•D-sorbitol, ■2 
calculated on the anhydrous basis. The amounts of 

•total sugars,.2 
other polyhydric alcohols, and any hexitol anhydrides, 

if detected, are not included in the requirements, nor 

•in.2 
the calculated amount under Other Impurities. 

Change to read: 
Packaging and storage PFeseF>'e iR tight eeRtaiReFs. 

"'Preserve in well-closed containers. Store at room tempera-

ture . .t.Nni 

Add the following: 

•Labeling-Sorbitol intended for use in preparing parent

eral dosage forms is so labeled .• 2 

Change to read: 
USP Reference standards ( 11 )-

• USP Endotoxin RS .• 2 

USP Sorbitol RS. 

Add the following: 

•Microbial limits ( 61 )-The total aerobic count using the 

Plate Method is not more than 103 cfu per g and the total 

combined molds and yeasts count is not more than 102 cfu 

per g .• 2 

Add the following: 

•pH (791 ): between 3.5 and 7.0, in a 10% (w/w) solution in 

carbon dioxide-free water .• 2 

Change to read: 
Water, Method I (92 I): not more than ~ 

•1.5% .• 2 

Change to read: 
Residue on ignition (281 ): not more than 0.1 %, 

•determined on a 1.5-g portion, accurately weighed . ■ 2 

Delete the following: 

•Chloriee (™ ) A 1.5 g peFtieR shews Re meFe ehleFide thaR 

eeFFespeREls te G. l G mb ef G.GJG ~l h)'ElrnehleFie aeie 

(G.GG5G%) .• 2 

Delete the following: 
•~(™ ) A l .G g peFtieR shews Re FHeFe sulfate thaR em 

FOSpeRds te G.IG fflL efG.GJG n sulfurie aeie (G.GIG%) .• 2 

Delete the following: 
•.+.Fsenie, MelhBd !I (:H+)~■2 

Delete the following: 
•11ee,1y R1etels (W ) Dissel,·e 2.G g iR 25 HlL efwater: the li1flil 

is G.GGl% .• 2 

Change to read: 
Reducing sugars TFeRsfer 7 g, eeeuratel)' weighee, tea 4GG HlL 

eealEer with the eid ef 35 FHL ef wateF, aRd FHiit. Aed 5G FHL ef 

alk:aliRe euprie tartfate T8, ee·,·eF the ee&IEeF, heat the FHilctuFe at 

sueh e Fete that it eemes te a eeil iR appFeniFHatel)' 4 1fliRutes, 

aRd aeil fer 2 miRutes, eee1:1retel;· ti1fled. Gelleet the pfeeipiteted 

eupreus eitide iR a tftFed Ritefing eFUeiale pre, ieusl;· n'ashed sue 

eessi\·ely with bet wateF, ,. ith aleehel, ftRd ., ith ether aRd theR 

Elriee et I GS 0 fer 3G 1fliRules. TheFeughl;· wash the eelleeted 01:1 

pre1:1s elliee en the RheF with het wateF, then wil:H I G HlL ef alee 

hel, a1~EI RRftil)' with JG tflL ef ether, eRd dr;· at IG5 ° fer 3G 

FHimites: tl~e ,,,,·eight ef the eupFeus el!ide sees Rot elleeed 5G 

mg. The eFHe1tRt EletefffliRed iR this test is Rot ineluded iR the eal 

euleted eme11Rt uReeF 01he, J,11p1>1, ilies. 

•Dissolve 3.3 g of Sorbitol in 3 mL of water with the aid of 

gentle heat. Proceed as directed in the test for Reducing su

gars under Mannitol beginning with "Cool, and add 20.0 

mL of cupric citrate TS" . Not less than 12.8 mL of 0.05 

N sodium thiosulfate VS is required, corresponding to not 
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more than 0.3% ofreducing sugars, as glucose. The amount 

determined in this test is not included in the calculated 

amount under Other Jmpurities .• 2 

Delete the following: 
•Tatel sugars Plaee 2 .1 gill Et 259 mL tlask l¼Hed ,,·itk Et gret111e 
glass jeiat, add 4 Q fHL ef eppreiti1Hetely Q. I JI! k)·dreoklerie eeid, 
atlaek Et retlttn ee11ee11ser, a11e retlttn fer 4 kottrs. Tfaasfer tile seltt 
tie11 te a 4 99 mL eeal,er, ri11si11g tile tlas!t .. itk aeettt 19 fHL ef 
\, ater, 11et1tralir:e Nitk 6 J>I sodittm H)'ere,tide, a11d proeeee as airee 
tea i11 tko test fer R:e6hieio'1g s11gtws, eogiHniag witk "Add SQ fHL of 
allteli11e ottprio tel4rate TS": tile .. eigkt oftke ettpretts oniee does 
11et e,teeea 59 mg. Tile EtmOttHl eelef!'Hi!lee ill tkis test is l!Ot iH 
oltteee ill tko OEtlottifllOB EtmOttHI tll!Ser Oihe," l,·11fJNl'ilies. ■2 

Add the following: 

•Limit of nickel- Proceed as directed in the test for Nickel 

under Mannitol. Not more than 1 µg per g is found. ■2 

Delete the following: 
•orgeeie ~·eletile i1t1p1trities, M-eihori IV (#+}: meets tile re 
EjttiromoHtS . ■2 

Add the following: 

•Other requirements- If labeled for use in preparing par

enteral dosage forms , it also meets the following require

ments. 

Clarity and color of solution- Dissolve a 10.0-g portion 

in carbon dioxide-free water, and dilute with carbon diox

ide-free water to 100.0 mL: the solution is clear and color

less. 

Bacterial endotoxins (85): not more than 4 USP Endotox

in Units per g for parenteral dosage forms having a concen

tration of less than 100 g of sorbitol per liter and not more 

than 2.5 USP Endotoxin Units per g for parenteral dosage 

forms having a concentration of 100 g or more of sorbitol 

per liter. 

Chloride (221 )-A 1. 5-g portion shows no more chloride 

than corresponds to 0.10 mL of 0.020 N hydrochloric acid. 

Not more than 0.0050% is found. 

Sulfate (221 )- A 1.0-g portion shows no more sulfate 

than corresponds to 0.10 mL of 0.020 N sulfuric acid. Not 

more than 0.01% is found .• 2 

Change to read: 
Assay-

Mobile phase- Use degassed water. 
Resolution solution- Dissolve mannitol and USP Sorbitol RS in 

water to obtain a solution having concentrations of about 4.8 mg 
per fHL 

•g. 2 
of each. 

Standard preparation- Dissolve an accurately weighed quan

tity of USP Sorbitol RS in water, e11e eilttte Eft!EtHtiteti,,.oly witk 
Wltlef 

•■2 
to obtain a solution having a known concentration of about 4.8 mg 

per fflL 

• g .• 2 

Assay preparation Tra11sfer aeettt 9.24 g ef Sereitol, ao 
ettratel)· weiglted, to Et 59 mL , olttmetrio tlaslc, dissel .,e i11 I 9 
fHL ef ',;'Etter, eilttte with wetor te ,,.eltttHe, aae min. 

•Dissolve about 0.10 g of Sorbitol, accurately weighed, in 

water, and dilute with water to about 20 g. Accurately record 

the final solution weight, and mix thoroughly .• 2 

Chromatographic system (see Chromatography (62 I ) )-The 

liquid chromatograph is equipped with a refractive index detector 

that is maintained at a constant temperature aae Et 7.8 mm H 39 

em eelttfllH tkat ee11tai11s paelci11g Ll9. Tile eelttma te1Hperetttre is 
mflilltflillee flt a temperEttttro eotwoeH 3Q0 ftHB 85°, OB!ltrolloa te 
·n·itkiR 12° ef lite seleeted te1HperE1tt1re, a11d tile tle\,' rate is 11eet1t 
Q.2 mb per miRttle. 

•of about 35° and a 7.8-mm x 10-cm column that contains 

packing L34. The column temperature is maintained at a 

constant temperature of about 50°, controlled within ± 

2°, and the flow rate is about 0.7 mL per minute .• 2 

Chromatograph the Standard preparation, and record the peak re
sponses as directed for Procedure: the relative standard deviation 

for replicate injections is not more than 2.0%. Chromatograph the 

Resolution solution, and record the peak responses as directed for 

Procedure: 

•the relative retention times are about 0.6 for mannitol and 

1.0 for sorbitol; and■2 
the resolution, R, between sorbitol and mannitol is not less than 

2.0. 
Procedure--Separately inject equal volumes E11ee!!t 2Q j:tL~ 

• (about 10 µL)■2 
of the Assay preparation and the Standard preparation into the 
chromatograph, record the chromatograms, and measure the re
sponses for the major peaks . C11le!!l11te tl'le Ejtll!Rtil)', iR mg, ef 
C~G,, iH tile Sereitel ttHCel! 6)' tile fflfffit1i11: 

~+JH'lm 
iR wkiek C is tile eeRoeRtf11tieR, i11 mg per fflL, efUSP Sereitel RS 
iR tile &lct,18,'j, rip, epct, ctlio,1 , 1111d 

•tJer mL, ef Calculate the percentage, on the anhydrous ba-

sis, of o-sorbitol in the portion of Sorbitol taken by the for

mula: 

[10,000(Cs ICu)Cru lrs)] / (100 - W), 
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in which Cs is the concentration, in mg per fflb; g, of USP 

Sorbitol RS in the Standard preparation; Cu is the concen

tration, in mg per fflb; g, of Sorbitol in the Assay prepara

tion; . 2 
ru and rs are the peak responses obtained from the Assay prepara
tion and the Standard preparation , respectively; 

•and Wis the percentage obtained in the test for Water. ■2 

BRIEFING 

Anhydrized Liquid Sorbitol, page 953 of PF28(3) [May- June 
2002). This new monograph, which previously appeared in Phar
macopeial Previews, is now forwarded to In-Process Revision with 
proposed changes to the Packaging and storage section. See brief
ing under Maltitol Solution. 

(EMC: C. Sheehan; PSD: C. Okeke) RTS-39317-1 

Add the following: 

■ Anhydrized Liquid Sorbitol 

» Anhydrized Liquid Sorbitol is a water solution 

containing, on the anhydrous basis, not less than 

25.0 percent of D-sorbitol (C6H1406) and not less 

than 15.0 percent of 1,4-sorbitan (C6H120s). The 

amounts of total sugars, other polyhydric alco

hols, and any other hexitol anhydrides, if detected, 

are not included in the requirements or in the cal

culated amount under Other Impurities . 

Change to read: 
Packaging and storage PresePt•e iH tigflt eeHtaiHers. 

•Preserve in well-closed containers. Do not store below 

200._..NFll 

Labeling-The labeling indicates the percentage content, 

on the anhydrous basis, of o-sorbitol and 1,4-sorbitan. 

USP Reference standards ( 11 )-USP Sorbitol RS. USP 

1,4-Sorbitan RS. 

Identification-

A: Dissolve 1.4 g of Anhydrized Liquid Sorbitol in 75 

mL of water. Transfer 3 mL of this solution to a 15-cm test 

tube, add 3 mL of freshly prepared catechol solution (1 in 

10), and mix. Add 6 mL of sulfuric acid, mix again, then 

gently heat the tube in a flame for about 30 seconds: a deep 

pink or wine-red color appears. 

B: The retention times of the major peaks in the chro

matogram of the Assay preparation correspond to those in 

the chromatogram of the Standard preparation, as obtained 

in the Assay. 

pH (791): between 4.0 and 7.0, in a 14% (w/w) solution of 

Anhydrized Liquid Sorbitol in carbon dioxide-free water. 

Water, Method I (921): not more than 31.5%. 

Reducing sugars-To an amount of Anhydrized Liquid 

Sorbitol, equivalent to 3.3 g, on the anhydrous basis, add 

3 mL of water, 20.0 mL of cupric citrate TS, and a few glass 

beads. Proceed as directed in the test for Reducing sugars 

under Mannitol, beginning with "Heat so that boiling be

gins." Not less than 12.8 mL of 0.05 N sodium thiosulfate 

VS is required, corresponding to not more than 0.3% of re

ducing sugars, on the anhydrous basis, as glucose. The 

amount determined in this test is not included in the calcu

lated amount under Other Impurities. 

Limit of nickel-

Test solution-Dissolve 20.0 g of Anhydrized Liquid Sor

bitol in diluted acetic acid, and dilute with diluted acetic acid 

to 100.0 mL. Add 2.0 mL of a saturated solution of ammo

nium pyrrolidinedithiocarbamate (about 10 g of ammonium 

pyrrolidinedithiocarbamate per liter) and 10.0 mL of methyl 

isobutyl ketone, and shake for 30 seconds. Protect from 

bright light. Allow the two layers to separate, and use the 

methyl isobutyl ketone layer. 
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Blank solution-Prepare as directed for Test solution, ex

cept to omit the use of Anhydrized Liquid Sorbitol. Quan

tities should be increased five fold to ensure that a sufficient 

volume of Blank solution is available. 

Standard solutions-Prepare as directed for Test solution, 

except to prepare three solutions by adding 0.5 mL, 1.0 mL, 

and 1.5 mL of nickel standard solution TS. 

Procedure-Proceed as directed in the test for Nickel un

der Mannitol: not more than 1 µg per g, calculated on the 

anhydrous basis, is found. 

Residue on ignition (28 1): not more than 0.20%, calculated 

on the anhydrous basis . Determine on a 2-g portion, ac

curately weighed. 

Microbial limits (61 )-The total aerobic microbial count 

using the Plate Method is not more than 103 cfu per mL. 

The total combined molds and yeasts count is not more than 

102 cfu per mL. 

Assay-

Mobile phase-Use degassed water. 

Resolution solution-Dissolve sorbitol, 1,4-sorbitan, iso

sorbide, and mannitol in water to obtain a solution having 

concentrations of about 10 mg per g, 4 mg per g, 4 mg 

per g, and 1 mg per g, respectively. 

Standard preparation-Dissolve accurately weighed 

quantities of USP Sorbitol RS and USP 1,4-Sorbitan RS 

in water to obtain a solution having concentrations of about 

IO mg per g and 4 mg per g, respectively. 

Assay preparation-Dissolve about 0.40 g of Anhydrized 

Liquid Sorbitol, accurately weighed, in water, and dilute 

with water to about 20 g. Accurately record the final solu

tion weight, and mix thoroughly. 

Chromatographic system (see Chromatography ( 621) }

The liquid chromatograph is equipped with a refractive in

dex detector that is maintained at a constant temperature of 

about 35°, and a 7.8-mm x 10-cm column that contains 

packing L34. The column temperature is maintained at 

about 50°, controlled within ± 2°, and the flow rate is about 

0.6 mL per minute. Chromatograph the Resolution solution, 

and record the peak responses as directed for Procedure: the 

resolution, R, between the 1,4-sorbitan and isosorbide is not 

less than 2.0. Chromatograph the Standard preparation, and 

record the peak responses for 1,4-sorbitan and sorbitol as 

directed for Procedure: the relative retention times are about 

0.35 for 1,4-sorbitan, 0.43 for isosorbide, 0.7 for mannitol, 

and 1.0 for sorbitol; and the relative standard deviation for 

replicate injections is not more than 2.0% for each analyte. 

Procedure-Separately inject equal volumes (about 10 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the responses for the major peaks. Separately cal

culate the percentages, on the anhydrous basis, of 1,4-sorbi

tan and sorbitol in the portion of Anhydrized Liquid Sorbitol 

taken by the formula: 

[10,000(Cs ! Cu)(rulrs)]/(100 - W), 

in which Cs is the concentration, in mg per g, of the appro

priate USP Reference Standard in the Standard preparation; 

Cu is the concentration, in mg per g, of the Anhydrized Liq

uid Sorbitol in the Assay preparation; ru and rs are the peak 

responses of the corresponding analyte obtained from the 

Assay preparation and the Standard preparation, respec

tively; and Wis the percentage obtained in the test for 

Water .• 2 
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BRIEFING 

Noncrystallizing Sorbitol Solution, NF 21 page 2842 and page 835 of PF 28(3) [May- June 2002)- See briefing under Maltitol Solution . 

(EMC: C. Sheehan; PSD: C. Okeke) RTS- 39358-3 

Change to read: 

» Noncrystallizing Sorbitol Solution is an aqueous· 
solution of h=;•drogenated, fully and partially hydfo 
ly~ed Starnhes. H eontaias 
•containing.2 
not less than 45.0 percent of D-sorbitol (C6H1406) (w/ 
w). The amounts of total sugars, other polyhydric alco
hols, and any hexitol anhydrides, if detected, are not 
included in the requirements nor 

•in.2 
the calculated amount under Other Impurities. 

Change to read: 
Packaging and storage Presep,•e in tight eentainers. 
•Preserve in well-c losed containers. Do not store below 

20°_,,,NF21 

Change to read: 
Identification-

A: To 3 mL ef a 1 in 7S Elilulien ef ii in 
•Dissolve 1.4 g ofNoncrystallizing Sorbitol Solution in 75 
mL of water. Transfer 3 mL of this solution to■2 a 15-cm test tube, add 3 mL of freshly prepared catechol solution (I in I 0), mix, add 6 mL of sulfuric acid, mix again, and gently heat the tube in a flame for about 30 seconds: a deep pink or wine-red color appears. 

B: The retention time of the major peak in the chromatogram of the Assay preparation corresponds to that in the chromatogram of the Standard preparation, as obtained in the Assay. 

Delete the following: 
•speeifie gr1wiey (~ ): net less than l.29Q .• 2 

Delete the following: 
•aefreeti,·e iedex (rn): 'eeh,een 1.457 fHlEI 1.467 . ■2 
Add the following: 

•Microbial limits ( 61 )- The total aerobic microbial count 
using the Plate Method is not more than 103 cfu per mL, and 
the total combined molds and yeasts count is not more than 
1 02 cfu per mL. • 2 

Add the following: 

•pH (791 ): between 5.0 and 7.5, in a 14% (w/w) solution of 
Noncrystallizing Sorbitol Solution in carbon dioxide-free 

water .• 2 

Add the following: 

•Water, Method I (921 ): between 28.5% and 31.5% .• 2 

Add the following: 

•Residue on ignition (281 ): not more than 0.1 %, calculated 
on the anhydrous basis, determined on a 2-g portion, ac
curately weighed .• 2 

Delete the following: 
•neevy Rtdels, Methofi I (;;;;+): Q.QQH'o. ■2 

Change to read: 
Reducing sugars-

Ctlp~·ie tmlfale io<iifie sol1,1tio11 Disseh1e 8 I g ef );lBtassiutH ei trate H10nehyElrate, 92 g ef f!Btassium enalate, ene 74 g ef f!elas sium ear'eenate in het wal:er, ane Eli lute v, ith if ater te 6QQ mL (Sol1,11io11 A). DisselYe 2S g efeu);lrie sulfitte in he! "aler, ene Elilu1:e with waler to 2QQ mL. Gom'eine tltis selution 1Nith &/1,1/i011 A, enEI Hlill fer 3Q minutes ESol+t1io11 B). Disseh·e Q.4 g efseeiuffl h)Elreit iEle in a'eeut I QQ tnL ef il'ttter. Dissel ,·e 3. ~ g ef f!el:assium ieeale anEI SQ g ef f!el:assium ieeiee in this seeium hyereniee selutien, anEI Elilute with waler te 2QQ rnL (&l1,11io11 C). ,<1,ee &l1,11io,1 C te &.'1,1lio11 B, anEI stir fer at least 2 heurs. 
P. oeefiH, e Transfer a'eeul 3Q g ef SelutioH, aeeura1:el) weighee, to a 3QQ mL eonieal J:la,slc. Aeijust the 1,·elume efthe selu liee 11·ith if al:er te SQ IHL, anEI aEIEI SQ.Q tnL ef Ctlp, ie s1,1lfate io<iifie sot.,,,1io11. Geneeet a suita'ele eenElenser 1:e the J:la,slc, heat en a het );little aEljusteEI te 'et--ing the selulien te a 'eeil ,, ithiH 3 miHules, ene genii)' reJ:iuM the solutien fer S minutes. Reme,·e the J:lask frem !lie hot );little, ane eeel it iH a il'ftter 'ealh at 2Q0 fer 1S te 2S minutes. De net o,·ereeel. £!awl)' aeEI 2S mL ef S ~I sulfurie aeiEI, anEI sh'irl genii)· te 1Hill. [l'IOTB :i;:eamiHg mtt)' eeeur when the S ~I sulfurfo aeiEI is aEIEleEI.] Titrate the li'eeraleEI ieeine Nith Q. l ~I seElium !hie sulfitle VS te a f!ttle giaeen eeler. f,eEI 1 rnL ef slareh TS, min, enEI eontinue the titratien te a f!ttle green 'elue entlJ;leint. Perform a 'elen!c Eleterrninalion (see Ti11·imet1,- (S4+)), ane malce !!fl)' neees Sftf) eerreetien. Galeulate the tilralien Elilierenee, 'ea,see en a 3Q g Sf!eeimen v,·eight, B)' the formula: 

(3Q / W)(Q. I /~l)(B &), 
in whieh Wis the ii'eight, in g, ef the Selulien talcen, ~I is the ner malit.,· ef the seeium thiesulfitte VS, anEI B ane Sare the 1,•elumes, in mL, ofseaium thiesulfitte eensumeEI in the alanlc anEI Sf!eeiftlen litratiens, resf!eeti, el) . The titratien Elifferenee is net mere tlian 21.1 mL, eerresf!enEling le Q.21 % reElueing sugars (a,s Elentrese). The ameunt eeterrnineEI in this test is net inelueee in the ealeuletee ameunl unEler Olhe,• 1mpH, itie:Y. 

•To an amount of Noncrystallizing Sorbitol Solution, 
equivalent to 3.3 g on the anhydrous basis, add 3 mL of 
water, 20.0 mL of cupric citrate TS, and a few glass beads. 
Proceed as directed in the test for Reducing sugars under 
Mannito l, beginning with "Heat so that boiling begins." 
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Not less than 12.8 mL of 0.05 N sodium thiosulfate VS is 

required, corresponding to not more than 0.3% of reducing 

sugars, on the anhydrous basis, as glucose. The amount de

termined in this test is not included in the calculated amount 

under Other Impurities. ■ 2 

Add the following: 

•Limit of nickel-Proceed as directed in the test for Limit 

of nickel under Sorbitol Solution. Not more than 1 µg per g, 

calculated on the anhydrous basis, is found. ■2 

Delete the following: 
11O0,er req1:1ireffleHh It meets lhe ref)ttiremeA:ts fer Wale, , Rai 
tiNe 0,1 ig,rilio.r , CMo, itie , Sttlfale, !IRS ,1, Je.rie , t1Aser So, hiiot 
Sot1t1io11, USP. ■ 2 

Change to read: 
Assay-

!,18hile p,~a!ie Use Rlteres aA:s segasses .. ater. 
Siamh, tip, epa,'tllio,1 TraAs!er !IH aeettratel; ... eighes f)tt!IAtit)' 

ef aeettt 39 FAg ef US P Serei tel RS te a l ffiL , elttlfletrie fiaslt , 
sisseh e iA !IHS silttte with water to , 1olt1me, !lf!S mi1c 

A!i!ill) p, epa, alio,1 TraA:s!er aeottt 2.Q g efSeltttioA, aeettratel;· 
.. eighes, to a §Q FAL , elttmetrie flaslc, silttte • .ith • .-ater te • elttme, 
!IRS [Hilt. 

ReJotNlio,1 Joti,iio,, Dissel, e 1.§ FAg of 1aaaHHitol in Q.§ ffiL of 
the S1a.rda, tip, epa, Mio,, , aaa miJt . 

Ch, o,nalog, aphie !Jj!ilem (see Ch, omalog, aph) (~ ),...-:Hie 
lif)t:tis ekro1aaatograflh is ef)ttij'lfles with a refaraeti .'e ias1m seteetor 
maiataiA:es at 25°, a 1.6 1Hm H 3 em g1:1ars eolt:tmf! eontaiaiAg 
fl!lelciag L31 , aas a 7.8 H'lfl1 H IQ em aAal;·tieal eolttt'HH eoA:laiaiag 
fl!lelc ing L31 !IHS 1aaaiataines at 85°. The fio,.,,, rate is aeottt Q.6 FA:L 
fler miAt:tte . Ckromatograflh tfle Raot111io,1 J8lttli8.r, aaa reeors the 
flealc re9f!Onses as sireetes t:1Aser P, 8eetiw e: ilie relati .'e reteatioa 
times are aeo ttt Q.7 fer fflftHHitol ans I.Q for soreitol, !IRS the reso 
ltttioa, R, eetweea the manaitel j'lealc aas the soreitol flealc is aot 
less thaa 2.Q. Chromatograflh the Sla,rda, tip, epa, a1im1 , aaa reeors 
the !'leak resj'lonses as sireetes t:taser A t,eeti,,, e: the relati-,·e slaA 
ears se , iatioa for rej'l lieate iajeetioas is A:ot more thaa 2.9%. 

P, 8eetiN, e Sej'laratel; iAjeet ef)t:tal , olt:tmes (aeot:11 29 t:tb, of 
the Sla11da, tip, epa, al/t,,r ans the A!i!ill) p, epa, ali8,, ialo !l~e ehro 
1aaatograflh, reeors the ehromalogra1aas, aas 1t1eas1:1re the reSflOHses 
fer the major j'lealcs. Calet:tlate the f)tt!IAtitJ , ia FHg, of C,H.14G.;-ttt 
the flOrlioA of Solt:ttioa talcea ll; the foffflt:1l1t: 

~.;I-I-it; 

iH .. hieh C is the eoneeHtratioH, ia 1aag f!er mL, of USP Soreitol RS 
in lhe 8/a,rda, tip, epa, ali8>1 , ans , ~& are the Soreitol fl Cale 
resf!oHses oetaiHes ffom the A!i!ia;) p, epa1 a1i8,1 aHs the S1a,1da, ·ti 
prepa1·ali811 , resj'leeti•.·el;·. 

•Mo bile pha se, R eso lut ion so luti o n , Standa rd 

preparation, and Chromatographic system- Proceed as di

rected in the Assay under Sorbitol. 

Assay preparation- Accurately weigh about 0.20 g of 

Noncrystallizing Sorbitol Solution, dissolve in and dilute 

with water to about 20 g. Accurately record the final solu

tion weight, and mix thoroughly. 

Procedure-Proceed as directed in the Assay under Sorbi

tol. Calculate the percentage of D-sorbitol (C6H1 4O6) in the 

portion of Noncrystallizing Sorbitol Solution taken by the 

formula: 

1 00(Cs/ Cu)(rul rs), 

in which Cs is the concentration, in mg per g, of USP Sor

bitol RS in the Standard preparation;, oele1:1lateel on the en 

H)·Eirew, eesis;Cu is the concentration, in mg per g, of 

Noncrystall izing Sorbitol Solution in the Assay prepara

tion;, eeleuleteel on the enh;1Eifo1:1s eesis; and ru and rs are 

the peak responses obtained from the Assay preparation 

and the Standard preparation, respectively .• 2 

BRIEFING 

Talc, USP 26 page 1753 and page 955 of PF 28(3) [May- June 
2002]. This fully revised monograph, which previously appeared 
in Pharmacopeial Previews, is now forwarded to In-Process Revi
sion. A correction is made in the Limit of iron test. It is also pro
posed to add storage conditions to the Packaging and storage 
section. 

(EMC: E. Gonikberg) RTS- 39097- 1 

Change to read: 

» Talc is a aatiYe, hydrous magB:esium. silieate, some 
tiffles eoatai:ni-ng a small 13ro13ortioa of ah:JIBffl:Hffl sili 
eaie:-

"'is a powdered, selected, natural, hydrated magne-

sium silicate. Pure talc has the formula 

Mg3Si401 o(OH) 2. It may contain variab le 
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amounts of associated minerals among which 

chlorites (hydrated aluminum and magnesium si

licates), magnesite (magnesium carbonate), cal

cite (calcium carbonate), and dolomite (calcium 

and magnesium carbonate) are predominant. It is 

derived from deposits determined to be free of 

asbestos. ,.usn7 

Change to read: 
Packaging and storage--Preserve in well-closed containers. 

,.Store at room temperature, avoid excessive heat and freez-

ing. Protect from moisture. ,.usp21 

Add the following: 

,.Labeling-The label states, where applicable, that the 

substance is suitable for oral or topical administration . 

The certificate of analysis states the absence of asbestos . It 

also indicates which method specified under the test for Ab

sence of asbestos was used for analysis.1,,usn7 

Change to read: 
Identification-

""A: The infrared absorption spectrum of a potassium bro

mide dispersion of it exhibits maxima at 3677 ± 2 cm· 1, at 

1018 ± 2 cm· 1, and at 669 ± 2 cm· 1• 

B:,1,,USP2l 
Mix about 200 mg of anhydrous sodium carbonate with 2 g of an
hydrous potassium carbonate, and melt in a platinum crucible. To 
the melt add 100 mg of the substance under test, and continue heat
ing until fusion is complete. Cool, and transfer the fused mixture to 
a dish or beaker with the aid of about 50 mL of hot water. Add 
hydrochloric acid to the liquid until effervescence ceases, then 
add IO mL more of the acid, and evaporate the mixture on a steam 
bath to dryness. Cool, add 20 mL of water, boil, and filter the mix
ture. an insolttele resi0t1e of siliea reFRains. Disseh·e in Hie Rltrale 
aeottt 2 g ofaffifflonit1FR eltlori0e, !lfl0 a00 5 fflL oHi }I affifflonit1FR 
fl) 0fOJti0e. filler, if neeessal) ' an0 a00 0ieasie so0it1rn !3flOSl3Hate 
n; to tlte Rltrate: a .. ltite, Bf)stalline 13reei13itate ofrnagnesittFR an\ 
rnonittrn 13hes13ltate se13arates. 

,.[NOTE-Save the insoluble residue for use in Identification 

test C.] To 5 mL of the filtrate add 1 mL of 6 N ammonium 

hydroxide and 1 mL of ammonium chloride TS. Filter, if 

necessary, and add 1 mL of dibasic sodium phosphate TS 

to the filtrate: a white crystalline precipitate of magnesium 

ammonium phosphate is formed. 

C: Mix about 100 mg of the insoluble residue as ob

tained in Identification test B in a lead or platinum crucible 

by means of a copper wire with about 10 mg of sodium flu

oride and a few drops of sulfuric acid to give a thin slurry. 

Cover the crucible with a thin transparent plate of plastic un

der which a drop of water is suspended and warm gently. 

Within a short time, a white ring is rapidly formed around 

the drop of water. 1,, usP21 

Change to read: 
Microbial limits (61 ) Tlte total eaeterial eet!nt 0oes net eiteee0 
SQQ 13er g. 

"If intended for topical administration, the total aerobic mi-

crobial count does not exceed 102 cfu per g, and the total 

combined mold and yeast count does not exceed 50 cfu 

per g. If intended for oral administration, the total aerobic 

microbial count does not exceed 103 cfu per g, and the total 

combined mold and yeast count does not exceed 102 cfu per 

g.1,, USP2l 

Add the following: 

"pH (791 )-The pH of the filtrate obtained in the test for 

Water-soluble substances is 7.0 to 9.0. Read the pH value 

one minute after inserting the electrode.1,,usn7 

Change to read: 
Loss on ignition (733)-Weigh accurately about I g and ignite at 
IQQQ 0 to eenstant ..'eight it loses Hel mere than e.5% of its .. ·eight 

,.1075 ± 25 ° to constant weight: it loses not more than 

7.0% of its weight.,.usm 

Delete the following: 
,. l,ei!I selullle sullstaeees Digest 1.QQ g witft 2Q fflL of 3 }I h~· 
0reehlorie aei0 at 5Q0 HJr 15 mint!tes, a00 water te restore tlte eri 
ginal, elt!me, miit, !lfl0 Riter. Te IQ fflL of Hie Rltrate add I 1Hl, ef2 
}J sttlft!rie aei0, e1.-a13erate lo 01)'ness, an0 ignite te eenstant V♦'eight: 
tfte weight of the residtte 0oes net eneee0 IQ mg (2.Q%). ,.usn 1 

Delete the following: 
""Reaetiee ae!I selu'31e sullstaeees Boil IQ g ,. ith SQ 1Hl, of 
,,·ater fflf 3Q rnintttes, a00ing ,.·ater ffom ~me to time to maintain 
a1313ronimatel)· tfte original , olt!tfle, !lfl0 Riter: Hie fi:ltrate is net!tral 
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te lil:fflus flElflOF. J;,•aflBFate ene kalf ef tke fillfate te Elr;·ness, anEI Ell) at I Q5 ° fuF I heuF: tke .. eigkt ef tke Fesieue Elees net emeeeEI 5 mg EQ.1%3 . .._ usm 

Delete the following: 
•water sehtble iren 81igktl) aeiElif)' witk H)'SFeeklerie aeiEI tke remaifliHg kalf ef Ifie fiilrate ebtaineEI in tke test fur Re1w1ia,1 tud tJ8lHh!e tJuhslanees, anEI eielEI I fflL ef fletassiurti. ferree) aniee TS: die liquiEI Elees net aequife a blue eeler . .._usp27 

Delete the following: 
• Arsenie, He&Y)' ntetals, 111111 Lea!I 

NJ/JI tJa{Htia,, Transfer IQ.Q g tea 25Q fflL flask, anEI aEIEI SQ mL ef Q.5 N H)'Elreehlerie aeiEI. ,',Haek a reflui, eenElenser ta the flask, keat en a ste!lffl eatk fur 3Q minutes, eeel, lfansfer tke mintme ta a bealeeF, anEI alle" tke Uf!Elissel, ea material ta seHle. Dee!lf!t tke SUfleraatant liquiEI lfiFeugk tkiele, stFeng, ff!eeiuffl SfleeEI fi:lteF fl!lfler inte a I QQ fflL ♦'elumetrie flask, Fetainiti.g as mueh as flOSsible ef tke inseluele mateFial in tke bealeer. '.>.'ash tke slurr)' anEI bealeer 'n'itk tluee IQ F!!L flOrtiens ef ket ,.,,,ater, Eleeanting eaek wasking l,kreugk Ifie filter inte H'le flasle. Fiflali)', wask tke filteF flafler witk 15 fflL ef ket water, eeel tke filtrate te reef!! temflerature, eilute .. itk ·,•,•ater te , elume, am! fflin . Use tkis ml 1JBh11ia,1 fur tke ful lowing tests. 
A, 11e,1ie, ,Hel,~adl (2-H-) Use IQ mL eftke 'FetJt 1Jo!t1tio,1 in flre flaring the mt p, cpa, atio11. The lin~it is 3 flflm. Heav;,1 meta/5 (W ) Use 5 mL eftke Tet1I 50{11lio11 in flrOflEIFing tke mt p, cpa1-alio11. Tke lifflit is Q.QQqq<,, bead-(~) A 5 fflL fl0rlien ef the 'Fe51 1Jt,!e1ti1,,1 eentains net mere H'lan 5 µg ef leaEI EQ.QQ l %3 . .._usm 

Add the following: 

•water-soluble substances- To 10.0 g add 50 mL of car
bon dioxide-free water, heat to boiling, and boil under a re
flux condenser for 30 minutes. Allow to cool, filter, and 
dilute to 50.0 mL with carbon dioxide-free water. Evaporate 
25 .0 mL of the filtrate to dryness, and dry at 105° for 1 hour: 
the weight of the residue does not exceed 10 mg 
(0 .2%) . .._ usm 

Add the following: 

•Limit of iron-

Test stock solution-Weigh 10.0 g of Talc into a conical 
flask fitted with a reflux condenser, gradually add 50 mL of 
0.5 N hydrochloric acid while stirring, and heat on a water 
bath for 30 minutes. Allow to cool. Transfer the mixture to a 
beaker, and allow the undissolved material to settle. Filter 
the supernatant into a 100-mL volumetric flask, retaining 
as much as possible of the insoluble material in the beaker. 
Wash the residue and the beaker with three 10-mL portions 
of hot water. Wash the filter with 15 mL of hot water, allow 
the filtrate to cool, and dilute with water to 100.0 mL. 

Test solution- Transfer 2.5 rnL of the Test stock solution 
to a 100-rnL volumetric flask, add 50.0 mL of 0.5 N hydro
chloric acid, and dilute with water to volume. 

Standard iron stock solution- Transfer 863.4 mg offerric 
ammonium sulfate to a 100-mL volumetric flask, dissolve in 
water, add 10 mL of2 N sulfuric acid, and dilute with water 
to volume. Pipet 25 mL of this solution into a 100-mL volu
metric flask, add 10 mL of 2 N sulfuric acid, dilute with 
water to volume, and mix. This solution contains the equiva
lent of 250 µg of iron per mL. 

Standard iron solutions-Into four 100-mL volumetric 
flasks, each containing 50.0 mL of0.5 N hydrochloric acid, 
transfer respectively, 2.0, 2.5, 3.0, and 4.0 mL of the Stan
dard iron stock solution, and dilute each flask with water to 
volume. 

Procedure- Concomitantly determine the absorbance of 
the Test solution and the Standard iron solutions at the iron 
emission line of 248 .3 nm with an atomic absorption spec
trophotometer (see Spectrophotometry and Light-Scattering 
(85 1)) equipped with an iron hollow-cathode lamp and an 
air-acetylene flame. Make any correction using a deuterium 
lamp: not more than 0.25% of iron is found . .._usm 
Add the following: 

•Limit of lead-

Test solution- Use the Test stock solution, prepared as di
rected in the test for Limit of iron. 

Lead standard stock solution-Dissolve 160 mg of lead 
nitrate in 100 mL water that contains 1 mL of nitric acid, 
and dilute with water to 1000 mL. Pipet 10 mL of this solu
tion into a 100-mL volumetric flask, dilute with water to 
volume, and mix. This solution contains the equivalent of 
10 µg of lead per mL. 
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Lead standard solutions- Into four identical 100-mL 
volumetric flasks, each containing 50.0 mL of0.5 N hydro
chloric acid, transfer respectively 5.0, 7 .5, 10.0, and 12.5 
mL of Lead standard stock solution, and dilute with water 
to volume. 

Procedure-Concomitantly determine the absorbance of 
the Test solution and the Standard lead solutions at the lead 
emission line of 217 .0 nm with an atomic absorption spec
trophotometer (see Spectrophotometry and Light-Scattering 
(851 )) equipped with a lead hollow-cathode lamp and an 
air- acetylene flame : not more than 0 .001 % of lead is 
found .... usP21 

Add the following: 

"'Limit of calcium-

Cesium chloride solution- Dissolve 2.53 g of cesium 
chloride in 100 mL of water, and mix. 

Lanthanum chloride solution-To 5.9 g of lanthanum 
oxide slowly add 10 mL of hydrochloric acid, and heat to 
boiling. Allow to cool, and dilute with water to 100 mL. 

Test stock solution-[Caution-Perchlorates mixed with 
heavy metals are known to be explosive. Take proper pre
cautions while performing this procedure.] Weigh 500 mg 
of Talc in a 100-mL polytetrafluoroethylene dish, add 5 
mL of hydrochloric acid , 5 mL of lead-free nitric acid, 
and 5 mL of perchloric acid. Stir gently, then add 35 mL 
of hydrofluoric acid, and evaporate slowly on a hot plate 
to moist dryness (until about 0.5 mL remains). To the resi
due, add 5 mL of hydrochloric acid, cover with a watch 
glass, heat to boiling, and allow to cool. Rinse the watch 
glass and the dish with water, and transfer into a 50-mL 
volumetric flask containing 5 mL of the Cesium chloride 
solution. Rinse the dish again with water, and dilute with 
water to volume. 

Test solution- Transfer 5.0 mL of the Test stock solution 
to a 100-mL volumetric flask, add 10.0 mL of hydrochloric 
acid and 10 mL of Lanthanum chloride solution , and dilute 
with water to volume. 

Calcium standard stock solution-Dissolve 3.67 g of cal
cium chloride dihydrate in diluted hydrochloric acid, and di
lute with the same solvent to 1000 mL. Immediately before 
use, pi pet 10 mL of this solution into a 100-mL volumetric 
flask, dilute with water to volume, and mix. This solution 
contains the equivalent of 100 µg of calcium per mL. 

Calcium standard solutions- Into four identical 100-mL 
volumetric flasks, each containing 10.0 mL of hydrochloric 
acid and 10 mL of Lanthanum chloride solution, transfer re
spectively 1.0, 2.0, 3.0, and 4.0 mL of Calcium standard 
stock solution , and dilute each flask with water to volume. 

Procedure-Concomitantly determine the absorbance of 
the Test solution and the Standard calcium solutions at the 
calcium emission line of 422.7 nm with an atomic absorp
tion spectrophotometer (see Spectrophotometry and Light
Scattering (851 )) equipped with a calcium hollow-cathode 
lamp and a nitrous oxide- acetylene flame: not more than 
0.9% of calcium is found .... usm 

Add the following: 

"'Limit of aluminum-

Cesium chloride solution, Test stock solution-Proceed as 
directed in the test for Limit of calcium. 

Test solution-Transfer 5 .0 mL of the Test stock solution 
to a 100-mL volumetric flask, add 10 mL of the Cesium 
chloride solution and 10.0 mL of hydrochloric acid, and di
lute with water to volume. 

Aluminum standard stock solution- Dissolve 8.947 g of 
aluminum chloride in water and dilute with water to 1000 
mL. Immediately before use, pipet 10 mL of this solution 
into a 100-mL volumetric flask, dilute with water to volume, 
and mix. This solution contains the equivalent of 100 µg of 
aluminum per mL. 
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Standard aluminum solutions- Into four identical 100-

mL volumetric flasks , each containing 10.0 mL of hydro

chloric acid and 10 mL of Cesium chloride solution, transfer 

respectively, 5.0, 10.0, 15 .0, and 20.0 mL of Aluminum 

standard stock solution, and dilute with water to volume. 

Procedure-Concomitantly determine the absorbance of 

the Test solution and the Standard aluminum solutions at 

the aluminum emission line of309.3 nm with an atomic ab

sorption spectrophotometer (see Spectrophotometry and 

Light-Scattering (851 )) equipped with an aluminum hol

low-cathode lamp and a nitrous oxide- acetylene flame : 

not more than 2.0% of aluminum is found . 11,. USPll 

Add the following: 

"'Absence of asbestos• - [NOTE-Suppliers of Talc may 

use one of the following methods to determine the absence 

of asbestos.] Proceed as directed for test A or test B. If either 

test is positive, perform test C. 

A: The IR absorption spectrum of a potassium bromide 

dispersion of it at the absorption band at 758 ± 1 cm-1, 

using scale expansion, may indicate the presence of tremo

lite or of chlorite. If the absorption band remains after igni

tion of the substance at 850° for at least 30 minutes , it 

indicates the presence of the tremolite. In the range 600 

cm-1 to 650 cm-1 using scale expansion, any absorption band 

or shoulder may indicate the presence of serpentines. 

B: X-ray diffra ction (941 ) employing the following 

conditions : Cu Kcx monochromatic 40 kV radiation, 24 

mA to 30 mA; the incident slit is set at 1 °; the detection slit 

is set at 0.2°; the goniometer speed is l /10° 20 per minute; 

the scanning range is I 0° to 13 ° 20 and 24 ° to 26° 20 ; the 

sample is not oriented. Prepare a random sample and place 

· Asbestos is a naturally occurring mineral. Asbestos miner
als are divided into two groups, amphiboles and serpentines. 
Chrysotile, the only mineral in the serpentine group, is the 
most commonly used type of asbestos. The chrysotile form 
of asbestos is found in 95% of materials that contain asbes
tos . The amphibole group consists of amosite, crocidolite, 
anthophyllite, tremolite, and actinolite . 

on the sample holder. Pack and smooth its surface with a 

polished glass microscope slide. Record the diffractograms: 

the presence of amphiboles is detected by a diffraction peak 

at 10.5 ± 0.1 ° 20, and the presence of serpentines is de

tected by diffraction peaks at 24.3 ± 0.1 ° 20 to 12. l ± 
0.1 ° 20. 

C: The presence of asbestos (see Optical Microscopy 

(776)) is shown if there is a range of length to width ratios 

of 20: 1 to 100: I, or higher for fibers longer than 5 µm; if 

there is a capability of splitting into very thin fibrils; and 

if there are two or more of the following four criteria: (1) 

parallel fibers occurring in bundles, (2) fiber bundles dis

playing frayed ends, (3) fibers in the form of thin needles, 

or ( 4) matted masses of individual fibers and/or fibers show

ing curvature. 11,. usn1 

Add the following: 

"'Content of magnesium-

Lanthanum chloride solution and Test stock solution

Prepare as directed in the test for Limit of calcium. 

Test solution-Dilute 0.5 mL of Test stock solution with 

water to 100.0 mL. Transfer 4.0 mL of this solution to a 

100-mL volumetric flask, add 10.0 mL of hydrochloric acid 

and IO mL of Lanthanum chloride solution, and dilute with 

water to volume. 

Magnesium standard stock solution-Dissolve 8.365 g of 

magnesium chloride in diluted hydrochloric acid and dilute 

with the same solvent to 1000 mL. Pipet 5 mL of this solu

tion into a 500-mL volumetric flask, dilute with water to 

volume, and mix. This solution contains the equivalent of 

IO µg of magnesium per mL. 

Standard magnesium solutions-Into four identical 100-

mL volumetric flasks, each containing 10.0 mL of hydro

chloric acid and 10 mL of Lanthanum chloride solution, 
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transfer respectively, 2.5, 3.0, 4.0, and 5.0 mL of Magne

sium standard stock solution, and dilute with water to vol

ume. 

Procedure-Concomitantly determine the absorbance of 

the Test solution and the Standard magnesium solutions at 

the magnesium emission line of 285 .2 nm with an atomic 

absorption spectrophotometer (see Spectrophotometry and 

light-Scattering (85 I)) equipped with a magnesium hol

low-cathode lamp and an air- acetylene flame : between 

17.0% to 19.5% of magnesium is found .• usm 

BRIEFING 

Tribasic Sodium Phosphate, page 1288 of PF 28(4) [July
Aug. 2002]. This new monograph, which previously appeared in 
Pharmacopeial Previews, is now forwarded to In-Process Revi

sion. It is proposed to add storage conditions to the Packaging 

and storage section. 

(EMC: E. Gonikberg; PSD: C. Okeke) RTS- 39353-1 

Add the following: 

•Tribasic Sodium Phosphate 

163.94 

Phosphoric acid, trisodium salt, dodecahydrate. 

Trisodium phosphate, dodecahydrate 380.13 

89-0] . 

Trisodium phosphate, monohydrate 181.96 

Anhydrous [7601-54-9]. 

[10101-

» Tribasic Sodium Phosphate is anhydrous or con

tains one to twelve molecules of water of hydra

tion. Na3PO4 (anhydrous) and Na3PO4 · H2O 

(monohydrate) contain not less than 97.0 percent 

of Na3PO4, calculated on the ignited basis; 

Na3PO4 • 12H2O (dodecahydrate) contains not 

less than 92.0 percent of Na3PO4, calculated on 

the ignited basis. 

Packaging and storage- Preserve in tight containers . 

Store at room temperature, avoid excessive heat and freez

ing. Protect from moisture. 

Labeling-Label it to indicate whether it is anhydrous, the 

monohydrate, or the dodecahydrate. 

Identification-A solution (I in 20) meets the requirements 

of the tests for Sodium ( 191 ) and for Phosphate ( 191 ). 

Loss on ignition (733)-Dry a portion at 100° for 5 hours. 

Ignite about 2 g, accurately weighed, of the dried sample at 

about 800° for 30 minutes: calculated on the dried basis, the 

anhydrous form loses not more than 2.0% of its weight, the 

monohydrate loses between 8.0% and 11 .0% of its weight, 

and the dodecahydrate loses between 45.0% and 57.0% of 

its weight. 

Insoluble substances- Dissolve a portion equivalent to 

10.0 g of anhydrous tribasic sodium phosphate in 100 mL 

of hot water, and filter through a tared filtering crucible. 

[NOTE-Do not use glass.] Wash the insoluble residue with 

hot water, and dry at l 05° for 2 hours: the weight of the resi

due so obtained does not exceed 20 mg (0.2%). 

Arsenic, Method I (211 )-Dissolve a portion equivalent to 

1.0 g of anhydrous tribasic sodium phosphate in 35 mL of 

water: 3 µg per g. 

Heavy metals, Method I (231 )-Dissolve a portion equiva

lent to 2.0 g of anhydrous tribasic sodium phosphate in 25 

mL of water: 0.001%. 

Assay- Transfer 100.0 mL of 1 N hydrochloric acid to a 

400-mL beaker, and titrate potentiometrically with 1 N so

dium hydroxide VS to the endpoint at pH 7.0. Record the 
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volume of 1 N sodium hydroxide VS consumed as the 
blank. Transfer a portion ofTribasic Sodium Phosphate, ac
curately weighed, equivalent to about 5.5 g of anhydrous 
tribasic sodium phosphate, to a 400-mL beaker, add l 00.0 
mL of l N hydrochloric acid, and stir until dissolved. Pass a 
stream of carbon-dioxide free air, in fine bubbles, through 
the solution for 30 minutes to expel carbon dioxide, cover
ing the beaker loosely to prevent any loss by spraying. Wash 
the cover and sides of the beaker with a few mL of water. 
Titrate the excess acid potentiometrically with 1 N sodium 
hydroxide VS to the inflection point at about pH 4, and re
cord the buret reading. Subtract this buret reading from that 
of the blank, and designate the volume of 1 N sodium hy
droxide VS resulting from the subtraction as A. 

Protect the solution from carbon dioxide absorbed from 
the air, and continue the titration with 1 N sodium hydroxide 
VS to the inflection point at about pH 8.8, record the buret 
reading, and calculate the volume of 1 N sodium hydroxide 
required in the titration between the two inflection points 
(pH 4 to pH 8.8) as B. Where A is equal to or greater than 
2B, each mL of the volume of B of I N sodium hydroxide is 
equivalent to 163 .9 mg ofNa3PO4 . Where A is less than 2B, 

each mL of the volume A - B of I N sodium hydroxide is 
equivalent to 163.9 mg ofNa3PO4. Calculate the percentage 
ofNa3PO4 on the ignited basis in the portion ofTribasic So
dium Phosphate taken by the formula: 

[10/(100 - L)](DIW), 

in which L is the percentage calculated in the test for Loss on 
ignition; Dis the amount, in mg, ofNa3PO4 found; and Wis 
the weight, in g, of the sample .• Nm 

GENERAL CHAPTERS 

General Tests and Assays 

GENERAL NOTICES AND 
REQUIREMENTS 

BRJEFING 

(11 ) Reference Standards, USP 26 page 1966, page 3212 of PF 22(6) [Nov.-Dec. 1996], page 4500 of PF 23(4) [July- Aug. I 997], page 5 I 80 of PF 23(6) [Nov.-Dec. 1997], page 6925 of PF 24(5) [Aug.-Sept. 1998], page 8222 of PF 25(3) [May- June 1999], page 8561 of PF 25(4) [July- Aug. 1999], page 8893 of PF 25(5) [Sept.- Oct. 1999], page 9222 of PF 25(6) [Nov.- Dec. 1999], page 218 of PF 26(1) [Jan.-Feb. 2000], page 471 of PF 26(2) [Mar.- Apr. 2000], page 793 of PF 26(3) [May- June 2000], page 1101 of PF 26(4) [July- Aug. 2000] , page 1369 of PF 26(5) [Sept.- Oct. 2000], page 1606 of PF 26(6) [Nov.-Dec. 2000], page 1832 of PF 27(1) [Jan.-Feb. 2001] , page 2268 of PF 27(2) [Mar.-Apr. 200 I] , page 2594 of PF 27(3) [May- June 2001], page 2806 of PF 27(4) [July- Aug. 2001] , page 3071 of PF 27(5) [Sept- Oct. 200 1], page 3348 of PF 27(6) [Nov.-Dec. 200 I], page 111 of PF 28(1) [Jan.-Feb. 2002] , page 433 of PF 28(2) [Mar.-Apr. 2002] , page 839 of PF 28(3) [May- June 2002], page 1224 of PF 28(4) [July- Aug. 2002], page 1468 of PF 28(5) [Sept.- Oct. 2002], and page I 9 I 3 of PF 28(6) [Nov.Dec. 2002]. 

(HDQ) RTS- 38078-3 ; 39081-1 ; 39178-1 ; 39279-1 ; 39338-1; 39352-1 

Change to read: 
USP Bleomycin Sulfate RS De net Sf) l:Jeflm using. 
•Dry portion in vacuum at a pressure not exceeding 5 mm of 
mercury at room temperature for 3 hours in a desiccator con
taining phosphorous pentoxide before using .• usm Store in a freezer, protected from light, and allow to attain room temperature before opening. This material is very hygroscopic. 

Add the following: 

•usp Clonidine RS- Dry under vacuum at 50° for 4 hours 
before use. Keep container tightly closed and protect from 

light.. USP27 
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Add the following: 

"'USP Oxaprozin RS-[To come.]_... usm 

Add the following: 

"'USP Polyisobutylene RS- [To come.]_...usm 

Add the following: 

"'USP Sumatriptan RS--[To come.]_... usm 

Add the following: 

"'USP Sumatriptan Succinate RS [IH-indole-5-methane

sulfonamide, 3-[2-( dimethylamino )ethyl]-N-methyl-, bu

tanedioate (1:1)) (C14H21N30 2S · C4H604 ◊ 413.49}-[To 

Add the following: 

"'USP Sumatriptan Succinate Related Compound A RS 

I [3-[2-( dimethy !amino )ethy I ]-2-[ [3-[2-( di methyl am i

no )ethyl]- I H-indol-5-yl]methyl]- l H-indol-5-yl]-N

methylmethanesulfonamide] (C27H37N5O2S ◊ 495.68)

[To come.]_...usn7 

Add the following: 

"'USP Sumatriptan Succinate Related Compound C RS 

[[3-[2-(dimethylamino )ethyl]-1-(hydroxymethyl)- lH-in

dol-5-yl]-N-methylmethanesulfonamide) (C 15H23N30 3S ◊ 

325.43}-[To come.]_...usm 

Add the following: 

"'USP Sumatriptan Succinate Related Impurities RS 

[Mixture of sumatriptan succinate, [3-[2-(methylami

no )ethyl]- I H-indol-5-yl]-N-methylmethanesulfonamide, 

sumatriptan succinate related ompound C, [3-[2-(dimethyla

mino-N-oxide )ethyl]- IH-indo 1-5-yl]-N-methy lmethanesul

fonam ide, and [3-[2-(aminoethyl)- lH-indol-5-yl]-N

methylmethanesulfonamide)- [To come. ]_... usm 

Delete the following: 
"'USP Thiefhylpere2iRe Melefe RS Dr;· poftioR at I 05° fof ~ 
houfs 6efofo usiRg. Keep eoflt!liflef tight!)' elosecl. Pfoteet fF01H 

ttgftt-_... USP27 

Chemical Tests and Assays 

OTHER TESTS AND ASSA VS 

BRIEFING 

(381 ) Elastomeric Closures for Injections, USP 26 page 2067. 

The Expert Committee on Parenteral Products- Industrial is pro

posing a major revision of this chapter. After consultation with The 

Parenteral Drug Association (PDA) and other interested parties, it 

was decided that the USP physicochemical tests and standards for 

elastomeric closures should harmonize with those of the European 

Pharmacopoeia. This reflects the need for a single set of standards 

for the global phannaceutical industry. Although the tests and lim

its are almost identical (wording may vary), there will be differ

ences in the definitions (e .g . , closure types) and in the 

introductory narrative section. The tests described in this general 

chapter are used for initial screening purposes and are not intended 

to serve as the sole evaluation criteria for the selection of an elas

tomeric closure for a specific product. 

(PP! : F. Barletta) RTS- 37614-1 

(381) ELASTOMERIC 
CLOSURES FOR INJECTIONS 

Change to read: 

,',R elastomeAe olosure ma;· 60 efs;·REhe~e or Ratural origiR. His 

geRerall;· a eomplen mintufe of maRy iRgreclieRts. These iRelucle 

the 6&5ie pel;•mer, fillers, aeeelerators, ,'t!leeRi2!iRg ageRts, aRcl pig 

meRts. The properties of the olastomorie elosure &fe clepeRcleRt Rot 

BRI)' upoR these iRgiaeclieRts, 6Ut also BR the pfoeessiRg pfeeeclUfe, 

sueh as miniRg, 1HilliRg, cl1:1stiRg ageRts used, molcliRg, eRcl e1:1fiRg. 

faetofs sueh as eleaR □iRg pfoeeclufes, eoRtaetiRg media, aRcl 

eoHclitioRs of storage me;· else affeet the suita6ilit;· ef aR elasto 

morio elo □ufe fof a speeifie 1:1se. B, aluatioR of sueh fuetors should 

6e made 6)' appfBpfiate aclclitioRal speeifie tests to cleteAHiRe the 

suita6ility of aR elastomerie elosufe fof its iRteRclecl use. Critefia 

fof the seleetioR of aR elastomefie elo □ufe should also iRelucle a 

e(}feful fe, ie ,,· of all the irtgreclieRts to assufe that Re lrno'NR Bf sus 

peetecl eafeiRogeRs, Bf othef to11ie su6staRees afe aclclecl. 
QefiRifieR AR ehIJIBme,·ie el6,s~1-e is a pael~agiRg eompoReRt 

that is, Bf ffi&)' 6e, iR clifeet eoRtaet with the drug. 

Bielegieal Test Preeedures 

T .. o stages of testiRg afe iRclieatecl. The fifst stage is the peffor 

maRee of if! YilfB tests aeeofcliRg to the pfoeeclures set fofth iA 

~ (~ ), Bi6fo~ieal ~eaeli,it; M:Yl:Y, ,r,, Vil, 6 . Matefials !ha! 

meet the fet:juifemeRts of the iR , itfB tests afe RBI fet:jUifecl to uRclef 

go furthef testiRg. MateAals that clo Rot meet the fet:juiremeRls of 

the iR , itfo tests afe subjeetecl to the seeoRcl stage of testiflg "hieh 

is the peffofff!aRee of iR , i, o tests, i.e., the 8ysle,nie I,1feeliB11 ml 
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1uiel l,11, ·aet1la1wt:Jtts R:sl, aeeeFeillg te tl,e 13F0ee01:1res set foRR ill ~ (&&), BiBIBgieal ~eaeli,ily Tesl!i, f.,1 ffi,B. 

Physieeehemieel Test Preeed ures 
Tl,e folio ii'illg tests Me aesi e . ::eFl!teal ei,traetiell el½araeterfs:ie~ te fae,tefl"Hlll.e 13eRiflell.t flR) siee e tests aFe bases ell. the m,traeti o e ast0Fl!eF1e el0s1:1Fes. 8ill.ee tl,at tke eesigll.atee EIFl!01:t!tl ef s ~ft ef tl,e elasteffier, it is essell.tial Ill. eael,_ ease, tke s13eeifciecl s1:1Ffa=~~ee area e~ Sf!F!!J3le be El\'ailable :~e cles_1g~atecl te1"H13era!l:lre. Tl,e te:ea 1~:·•;1iable for ei,traetiell. Eli eE~Elj0r1~· ef en13eetecl variatiell.s File e s are cle\·isecl te cleteet 

dredtO!l. 8eh'ell.tS . 
A: P1:1Fiiiecl 11E1ter. 
?'.· Ps~fl~:;;~:f:

0
~:7iele (wkere a1313lieable). 

n13peretl:ls 
ArdBeltoe Use Elf! a1:1t 1 ,, !l:!Fe ef 121 I 20, eq1:1i1313:: ~:i:ke:~able efFllElifltaill.iflg El teffl13era Elf!cl El FElek acleq1:1ate to aeee~"Heaa7et~eFl!eter, El ~Fess1:1re ga1:1ge 11 ater le ,·el. e e test eoll.tE11HeFs ab eve tk~ 
O,·e1_1 Use Elf! 0\'ell., 13referabl , El ~ Fl!amta11l Elf! o13eratiflg t ) -eFeecl clraA Fl!eclel tkat .,,11 Refl . • e1CH13eFE1l1:tFe of J g5 0 1 ? o , "1 ttli n13pereh1s Use · . - · ea13aei~ ef ab01:1t 5QQ F!!L. El s1:11table refi1:1n a1313aral1:1s REl\'tllg El 
Preeed1:1re 
Q . ' ' epa, altBI! ef &w~le Plaee ill · a s1:1ffie1ellt ll1:tFllbeF of elastet"He . ~ s1:11table ei,traetiefl eoll.taiJ½er OJ~fl0S08 Sl:!Ffaee area. Aclcl 3QQ nl,e 0r91:1FeS 10 flFO\'icle I QQ 0Fll"-ef ta1f!er, ee 'er "ilk a s1:1itable ill." ~~ cle b 13~nfciecl water le eaek eell. I g_5 0 for 3Q fflill.1:1tes. [}IOT~ e, . ea ,er, all.cl a1:1toela' e at 121 r~Sf:!S I ra131cll)' flFBfoFabl) II itlii!t ? '/~1:1st _se tlmt t.ke teFl!13era!l:lre s Eltll. ess steel sereell. te kale Ike -el o F1!1!!1:1tes.] Deeall.l, 1:1sill.g El ''. ttk I QQ lflL of fll:!Fifciecl dater es1:1res m Ike 001l.1Eliflers. Rill.Se smgs. Re13eat II itk a seeo!tcl jgie:l) 9

" irl , lill.8 cl1searcl tke rift Treat all hla,1k eell.taiflers ill. El . ·1 L 13orl!oll. of 131:1rifciecl water Kv:lraels (witk 1:1se ef £,- S!l'lll ar Fl!Elll.ll.er. . 13re cl .~I. ael1B·1 &J'··e I 4) p fJEIFe sample, ka·,·ill Elll e . " ,1 ,laee El flF0fleFI , El s1:1!table eelltailleF, a11laae 2~gesecl s1:1rfaee area ef 1 QQ e1tt•4 El s1:11table iflveRecl beal,er Elll.8 tF!!L ~f 131:1nRecl ii'ElleF. Ce><er ·-'·it!½ I ? I o ~ 2 ' en FElel )' k . . ' v, - -er ke1:1rs, allo Nill aa _eattll.g Ill. aft a1:1t0elE1\'e at eoll.tamer te reaek Ike ent~aeli::~:te l!Fl!e !or tke liq1:1ie II itl½ifl tke :o. eool_ ra13icll) , Elfta eeel te r00Fll teffil3erat1:1re. Allo\t tke a1:1t0elo te Eltll.er Ill. El siFllilar Fl!Elf!fl.er Fl!j'lera!l:lre. Treat tke hla,1k eoll. 
Exl, ael!J (witA 1:1se ef &1 . , erl)• 13re13arecl sa,,~l-e REI i~ aelw,1 &J,, e111 B B, C) Plaee El re tll. a s1:1itable ~ef/tcc 4-pp',. ~ .Elf! eit13e_s~cl s1:1rfaee area ef JQle!& , ' a, a Ml eell.lEltnlll. 2QQ ; B,oe,ll, Elf!cl refl1:1n for 3Q Fllifl1:1tes. TFeat !hg h> ~ ef_ E,v:lrnetiB,'I flef, • • e ,a,,re Ill. El SlffiliElr Fl!Elll. 
T1:1rl!1d1t,, [Non; u E &J!,•e1u A, B, er G.] Agita1:~1ai:x:~:e1s 13re13arecl 11·itk Ev:1. aeliB i q1:1all.lt~ efEv:11ae1, clil1:1tecl wi;k Ml 1:1f!er, El!tcl, trall.s~r El s1:1ffieie~t El eell .. ,4eas1:1Fe tile !l:lrbid't . ' _el1B,1 &J, ► e11t, tfll.eeessor te Spe;1, tt:13lww,ne1,, a,ui bi~/~e~1~1:1~~-allle( rMie t1:1rbidiFlleteF i;ee ~1 ~ 1:1eible staHdards: Tke !l:lrbidi/'.''

1
g ~ )) agaill.st Rited re ,a 1:1es_0btE11!tecl fer tke blElfllt oil.cl) ts tke d1fforell.ee bel\,eell tile leFlletn~ T1:1rbiclit) U!tits O,ITU) tke s_EIFllflle _e1t13ressecl ill. ?le13ke en13ressmg Ii REtze rall.ge freffi El~s~7 ~rb •rEIFj h!tear ll.l:lffierieal seale tf)':' 1:1 e e an~• te tke i!01l.e eft:t b'd 

Redtt · • -1:1r 

1 

. . e1ng agents [}Ion; ti I, ae/1t:J11 81:J{,,,e:rt A.] Agitate tkse Efli ael!J 13re13ored II itk E' entraet te El s1:1itable eelllElill.eFe :0:!~1:er, tr~sfer 5Q lflL efsa11ii'e l:!Stllg 3 lflL ofstarek T£ as tk '. ;. I rate w1tk Q.Ql ?I iodi!te "8 s_tl'llil_ar Fl!OA!l.er. Tke diffoFefl:~ll.b i:.~.ter. Treat tke hla,1k eittraet i'fl ~ lltrEll!01l IS en13ressecl ill. F!!L efQ it:r' :,e bla,rk Elll.8 tAe sa,11-p'e · 10 me. ' 

A ,Mi!aele staReaFe is a, ailaele lfo1~. lfle R~a11t;fae11:1FeF of !lie i11sff'tl111eR ~ 

Heeyy Metels (™ ) [}lOTE Use Ext.•-aets 13re13Med witk Ex t, aetiB,1 &l,e,1t A er B.) Trall.sfer 2Q 1t1±, oftl3.e hla,,k Elll.d 113.e sa,11 ple entraots to se13arate eeleF e0Fl!13aris0f! aibes. Trall.sfer 2, 6, Oll.d 1 Q !t!L ef 81a,11M, ti beati &lt1lit:J,1 iflte se13arElle eoler e0ffl13E1Fisoll. !l:lbes, acld 2 !ti±, of I A' oeetie aeid te eoeli !l:lbe, oll.d oej1:1st the , el 1:tffie le 25 FflL witk 131:1rifcied II ater . .',de IQ 1t1±, ef freskl) 13re13Mecl R)•drogell. s1:1lfcicle T£ to eoek !l:lbe, Fil.tit, olle II to slEl!l.d for 5 ffiH!. 1:1tes, Elll.8 vie1d cl0we\,1ard 0,1er a Hkite s1:1rEE10e. Detefl'llill.e tae EIFl!Ol:lll.t of kea ·) Flletals ill. tl½e hlam'i oil.cl ill. 113.e .Ja,,~!e. The keEIY) Fl!etals eell.tell.t is tke clifferell.eo bet\, eell. fue bl1111k Elflcl tke .Ja11~!e. pH Cheege [}IOTE Use Exl, aels 13re13ared ,titll Ml, aelit:J11 &!oe,11 A er B, acldi!tg te e,ct, ael!J ebtoii½ecl \1 ill½ &Jl,e11t A s1:1ffi eiell.t 130tossi1:1FI! ekleride le 13ro, ide o 00f!eell.trati0fl of Q.1%.) De ten'llill.e Ike 13H ef sample eittroets A Elll.8 B 13otell.ti0Fl!etrieoll), 13erfofl'!liflg bla!tlc cleterffliRatiell.s witk hltmk entraets A ancl B, all.d F!!Elltiflg Elf!)' ll.eeessar; eerFeetioll.□ . Tke 13H ekoflge is tke dif ferenee betweell. tAe hla11k Elll.8 the .Jample. 
Tete! °E'litreeml!les [}lo..;i. Use Exb aet.J 13re13Med II ilk Ex t1-aetiB11 &!.e,11 A, B, er G.] Agitate tho eoll.toiHers, Elf!d trEl!l.SfeF I QQ 1t1±, aliq1:1ets oftke hta,,k Elll.d the M,,~le te □ epaFate, torecl e, a 130ratiflg diskes. Evo13orate oft a steaF!l. bola to er; ll.ess (Ext, ael!J 13re13E1Fecl with Ml!<aelit:Jn &J!,e,11 C) er ill. EIR even Ell 1QQ0, dry Elt 1 QS 0 for I k01:1r, eoel ill a clesieeotor, Elll.d weigb. Galetti ate tbe total e1ttraotables, ill. Fl!g, b)· tl½e fofl'!l1:1ia: 

~.;---Wsh 
ill. wkiek W~ is Ike weigkt, ill. Fllg, ef resid1:1e fo1:1!tcl ill. tke □Elfflflle ei,troet oliq1:10t; El!td W11 is tke weigkt, ifl Fl!g, ofresid1:1e fo1:tll.d ill. tke bla!tlc s0l1:1ti0fl aliq1:10t. 

"'INTRODUCTION 

Elastomeric closures for containers used in the types of 
preparations defined in the general test chapter Injections 
(1) are made of materials obtained by vulcanization 
(cross-linking) polymerization, polyaddition, or polycon
densation of macromolecular organic substances (elasto
mers). Closure formulations contain natural or synthetic 
elastomers and inorganic and organic additives to aid or 
control vulcanization, impart physical and chemical proper
ties or color, stabilize the closure formulation, or for other 
purposes. This chapter applies to closures formulated with 
natural or synthetic elastomeric substances. This chapter 
does not apply to closures made from silicone elastomers, 
laminated closures, or lacquered closures, although it does 
apply to the base elastomer of such coated closures. 

This chapter states test limits for Type I and Type II elas
tomeric closures : Examples of Type I closures are those 
used for single-dose containers for aqueous solutions, aque-
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ous suspensions, or solids intended to be reconstituted with 

an aqueous vehicle. Examples of Type II closures are those 

used for multiple-dose containers for injections; single-dose 

or multiple-dose containers for injections containing vege

table oils, including emulsions and liposomal formulations; 

or injectable formulations containing other nonaqueous ve

hicles. Elastomeric seals for injection sites on IV sets, nee

dle shields, or other seals requiring stretchability or 

resealability may also be included in this category. 

This chapter is intended as an initial screen to identify 

elastomeric closures that might be appropriate for use with 

parenteral preparations on the basis of their biological com

patibility, their aqueous extract physicochemical properties, 

and their functionality. All elastomeric closures suitable for 

use with parenteral preparations comply with either Type I 

or Type II test limits. However, this specification is not in

tended to serve as the sole evaluation criterion for the selec-

tion of such closures. It is the responsibility of the 

manufacturer of the parenteral preparation to ensure that 

the closures chosen for use with a particular preparation 

conform to the following: 

I . The components of the preparation in contact with the 

closure are not adsorbed onto the surface of the closures 

and do not migrate into or through the closure to an ex

tent sufficient to affect the preparation adversely. 

2. The closure does not leach substances in quantities suf

ficient to affect product stability assays or tests and the 

quantity of these substances are harmless in the 

amounts administered to the patient population for 

whom the product is intended. 

3. The closures perform all required functions and are 

compatible with the preparation for which they are used 

throughout the product's labeled expiration date. 

The manufacturer of the preparation must obtain from the 

supplier an assurance that the composition of the closure 

does not vary and that it is identical to that of the closure 

used during compatibility testing. When the supplier in

forms the preparation manufacturer of changes in the com

position, compatibility testing must be repeated, totally or 

partially, depending on the nature of the changes. Closures 

must be properly stored, cleaned for removal of environ

mental contaminants and endotoxins, and sterilized prior 

to use in packaging parenteral products. 

CHARACTERISTICS 

Elastomeric closures are homogeneous and practically 

free from flash and adventitious materials (e.g., fibers, for

eign particles, waste rubber). 

Identification of the type of elastomeric material used for 

the closures is not within the scope of this chapter. The iden

tification tests given below distinguishes between elasto

meri c and nonelastomeric closures but does not 

differentiate the various types of material. Identification 

tests other than those described in this monograph may be 

used on a routine basis in order to verify that the c~osures in 

question are of the same formulation as those previously ap

proved for use. Other analytical methods that may be ap

plied for identification purposes include the following: 

determination of relative density 

determination of sulphated ash 

determination of sulphur content 

thin-layer chromatography carried out on an extract 

UV absorption spectrophotometry of an extract 

IR absorption spectrophotometry of a pyrolysate 
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IDENTIFICATION TESTS 

Identification Test A: Stretch a strip of material with a 

cross-section of I to 5 mm2 to twice its original length. After 

holding at twice its length for I minute, allow the strip to 

relax for 30 seconds. The elastomer conforms to the require

ments for elasticity if it contracts to less than 1.2 times its 

original length within 30 seconds. 

Identification Test B: Heat I to 2 g of material in a heat

resistant test tube over an open flame to dry the sample, and 

continue heating until pyrolysate vapors are condensed near 

the top edge of the test tube. Deposit several drops of the 

pyrolysate on a potassium bromide disc, and examine by 

IR absorption spectrophotometry. The sample conforms to 

the test if the IR absorption spectrum matches that of a ref

erence sample of the elastomer. 

Identification Test C (see Residue on Ignition (28 1) ): 

The residue is within ± I 0% of the result obtained with a 

reference sample of the elastomer. 

TEST PROCEDURES 

Pretest Preparation of Sample 

Whenever possible, closures should be put into ready-to

use condition before being tested, by processing the closures 

in a manner that will be utilized in normal production con

ditions. If closure siliconization has been found to skew 

physicochemical analysis results, this process may be elimi

nated from the processing steps. If it is not feasible or prac

tical to utilize normal production conditions, closures are to 

be prepared according to the following procedure. Place a 

sufficient number of uncut elastomeric closures to provide 

150 cm2 of exposed surface area in a wide-necked Type I 

glass flask . Add 300 mL of water, cover with an inverted 

borosilicate-glass beaker, and heat in an autoclave so that 

a temperature of 121 ± 2° is reached within 20 to 30 min

utes, and maintain this temperature for 30 minutes. As 

quickly as possible after autoclaving, separate the liquid 

from the elastomers by decantation. Rinse closures with 

100 mL of water, gently swirl, and discard the rinsings. Re

peat the rinsing with a second I 00-mL portion of water. 

[NOTE-If closures undergo normal production conditions 

other than autoclaving or steam sterilization, conditions 

which are known to affect closure biological reactivity, phy

sicochemical characteristics, or functionality (e.g., gamma 

irradiation), such processes must be included in the sample 

preparation.] 

Biological Tests 

Two stages of testing are indicated. The first stage is the 

performance of an in-vitro test according to the Agar Diffu

sion Test procedure as described in general test chapter Bio

logical Reactivity Tests, In Vitro (87). Materials that meet 

the requirements of the in vitro test are not required to un

dergo further testing. 

Materials that do not meet the requirements of the in vitro 

test are subjected to the second stage of testing, which is the 

performance of the in vivo tests, Systemic Injection Test and 

Intracutaneous Test, according to the procedures set forth in 

the general test chapter Biological Reactivity Tests, In Vivo 

(88). 

Type I and Type II closures must both conform to the re

quirements of either the in vitro or the in vivo biological re

activity tests . [NOTE-Also see the general information 

chapter The Biocompatibility of Material Used in Drug 

Containers, Medical Devices, and Implants ( I 03 I). ] 
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Physicochemical Tests 

PREPARATION OF SOLUTION S 

Place uncut closures corresponding to a surface area of 

about I 00 cm2 into a suitable glass container, cover with 

Water for Injection, boil for 5 minutes, and rinse with cold 

Water for Injection. Place the washed closures into a Type I 

glass wide-necked flask (see Containers (661 )), add 200 

mL of Water for Injection, and weigh. Cover the mouth of 

the flask with a Type I glass beaker. Heat in an autoclave so 

that a temperature of 121 ± 2° is reached within 20 to 30 

minutes, and maintain this temperature for 30 minutes. Cool 

to room temperature over a period of about 30 minutes. Add 

Water for Injection to bring it up to the original mass. Shake, 

and immediately decant and collect the solution. [NOTE

This solution must be shaken before being used in each of 

the tests.] 

APPEARANCE OF SOLUTION 

Opalescence Suspension-Prepare an aqueous solution 

containing 1 % hydrazine sulfate. Prepare an aqueous solu

tion containing 10% hexamethylenetetramine. Mix equal 

parts of these solutions, and allow to stand for 24 hours . 

This Opalescence Suspension is stable for about 2 months. 

Mix well before use to assure nonadherence of material to 

the container. 

Opalescence Stock Solution-Prepare a solution by di

luting 15 mL of the Opalescence Suspension with water to 

1000 mL. 

Reference Solution A-Prepare a solution containing 10 

mL of freshly prepared Opalescence Stock Solution and 990 

mL of water. 

Reference Solution B-Prepare a solution containing 30 

mL of Opalescence Stock Solution and 970 mL of water. 

Requirement-Solution Sis not more opalescent than 

Reference Solution A for Type I closures and not more opa

lescent than Reference Solution B for Type II closures. Solu

tion Sis not more intensely colored than an equal quantity of 

water, examined through identical, colorless, transparent, 

and neutral glass containers, viewed vertically against a 

white background in diffused daylight. 

ACIDITY OR ALKALINITY 

Transfer 20 mL of Solution Stoa suitable container, and 

add 0.1 mL ofbromothymol blue TS. Not more than 0.3 mL 

of0.01 N sodium hydroxide produces a blue color. Continue 

using this same solution to test for alkalinity: not more than 

0.8 mL of0.01 N hydrochloric acid produces a yellow color. 

UV ABSORBANCE 

[NOTE-Perform this test within 5 hours of Solution S 

preparation. If dilution of the filtrate is required, the test re

sult must be corrected.] Filter Solution S through a filter, 

having a 0.45-µm porosity discarding the first few mL of 

the filtrate. Record the UV spectrum between 220 nm and 

360 nm in a 1-cm cell, with water in a matched cell in the 

reference beam: the absorbances at these wavelengths do 

not exceed 0.2 for Type I closures or 4.0 for Type II clo-

sures. 

REDUCING SUBSTANCES 

[NOTE-Perform this test within 4 to 5 hours of Solution S 

preparation.] Transfer 20.0 mL of Solution S to a 250-mL 

conical flask, and add 1 mL of diluted sulfuric acid, 25 

mL of alkaline cupric citrate TS, and 20 mL of 0.002 N po

tassium permanganate. Cover the flask, boil for 3 minutes, 

and cool rapidly to room temperature. Add 1 g of potassium 

iodide, and titrate with 0.01 N sodium thiosulfate VS, using 

0.25 mL of starch solution TS as the endpoint is approached. 
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Perform a blank determination, omitting the specimen, and 

note the difference in volume of 0.01 N sodium thiosulfate 

required. The difference between the titration volumes is not 

greater than 3.0 mL for Type I closures and not greater than 

7.0 mL for Type II closures. 

HEAVY METALS 

Proceed as directed for Method I under Heavy Metals 

(231 ): not more than 0.0002% (2 ppm). 

SOLUBLE ZINC CONTENT 

Test Solution-Transfer 10.0 mL of Solution Stoa 100-

mL volumetric flask, add 0.5 mL ofO. l N hydrochloric acid, 

dilute with water to volume, and mix. 

Zinc Standard Solution-Dissolve an accurately 

weighed quantity of zinc sulfate in water, and dilute quanti

tatively, and stepwise if necessary, with water to obtain a 

solution having a known concentration of 5 mg of zinc 

per mL. 

Reference Solution-Transfer I mL of Zinc Standard 

Solution to a 1000-mL volumetric flask, dilute with water 

to volume, and mix. Transfer 10.0 mL of this solution to a 

I 00-mL volumetric flask, add 0.5 mL of 0.1 N hydrochloric 

acid, dilute with water to volume, and mix. 

Procedure---Concomitantly determine the absorbances 

of the Reference Solution and the Test Solution at the zinc 

emission line at 213.8 nm, with a suitable atomic absorption 

spectrophotometer (see Spectrophotometry and Light-Scat

tering (851 )) equipped with a zinc hollow-cathode lamp and 

an air-acetylene flame, and using water as the blank. The 

absorbance of the Test Solution is not greater than that of 

the Reference Solution. 

AMMONIUM 

Take 5 mL of Solution S, and if necessary adjust the pH to 

alkaline using sodium hydroxide TS. Dilute with water to 15 

mL, and add 0.3 mL of alkaline mercuric-potassium iodide 

TS. Prepare a control by dissolving an accurately weighed 

quantity of ammonium chloride in water and diluting step

wise to obtain a solution having a known concentration of I 

µg of ammonium (1 ppm) per mL. To 10 mL of this solution 

add the same amount of sodium hydroxide TS as was added 

to Solution S. Dilute with water to 15 mL, and add 0.3 mL of 

alkaline mercuric-potassium iodide TS. Any yellow color 

produced immediately is no darker than the color obtained 

in control (2 ppm). 

TOTAL SOLIDS 

Evaporate 50 mL of Solution S on a water-bath to dry

ness. Dry the residue at 100° to 105° for 1 hour and weigh: 

not more than 2.0 mg for Type I closures and not more than 

4.0 mg for Type II closures. 

VOLATILE SULFIDES 

Place closures, cut if necessary, with a total surface area 

of 20 ± 1 cm2 in a I 00-mL flask, and add 50 mL of a 2% 

citric acid solution. Separately prepare a control solution by 

placing 0.154 mg of sodium sulfide in a 100-mL flask, and 

dissolving in 50 mL of a 2% citric acid solution. Place a 

piece of lead acetate paper over the mouth of each flask, 

and maintain the paper in position by placing over it an in

verted weighing bottle. Heat the flasks in an autoclave at 

121 ± 2° for 30 minutes. Any black stain on the paper pro

duced by Solution S is not more intense than that produced 

by the control solution. 

Norn- For the following three tests, use a closure treated 

as described for the preparation of Solution S, and allowed 

to dry. 
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PENETRABILITY 

This test is performed on closures intended to be pierced 

by a hypodermic needle. Fill 10 suitable vials to the nominal 

volume (or capacity) with water, fit the closures to be exam

ined, and secure with a cap. Using a new lubricated long 

bevel (bevel angle 12 ± 2°) hypodermic needle, with an ex

ternal diameter of 0.8 mm, for each sample, pierce the clo

sure with the needle perpendicular to the surface. The force 

for piercing is no greater than 10 N (l kgf) determined with 

an accuracy of± 0.25 N (25 gt) for each closure. 

FRAGMENTATION 

This test is performed on closures intended to be pierced 

by a hypodermic needle. 

Aqueous Preparations- Fill 12 clean vials with water 

to 4 mL less than the nominal capacity. Fit the closures to 

be examined, secure with a cap, and allow to stand for 16 

hours . 

Dry Preparations-Fit closures to be examined into 12 

clean vials. Using a hypodermic needle as described above, 

inject into each vial 1 mL of water while removing 1 mL of 

air. Repeat this procedure 4 times for each closure, piercing 

each time at a different site. Use a new needle for each clo

sure, checking that it is not blunted during the test. Filter the 

liquid in the vials through a filter having a porosity of 0.45-

µm, and count the rubber fragments visually. There are no 

more than 5 fragments visible(::; 50 µm). In case of doubt or 

dispute, the particles are to be examined microscopically to 

determine their nature and size. 

SELF-SEALING CAPACITY 

This test is performed on closures intended for use with 

multiple-dose containers. Fill 10 suitable vials with water to 

the nominal volume. Fit the closures that are to be exam

ined, and cap. Using a hypodermic needle with a 0.8-mm 

diameter, pierce each closure 10 times, piercing each time 

at a different site. Immerse the IO vials in a solution of 

0.5% methylene blue, and reduce the external pressure by 

27 kPa for 10 minutes. Restore to atmospheric pressure, 

and leave the vials immersed for 30 minutes. Rinse the out

side of the vials. None of the vials have any trace of blue 

solution . .,usp27 

Physical Tests and 
Determinations 

BRIEFING 

(621 ) Chromatography, USP 26 page 2126 and page 1916 of 
PF 28(6) [Nov.-Dec. 2002]. It is proposed to add packings L58 , 
L59, and L60 to the list of packings under Chromatographic Re
agents. Packing L58 is used in the Molecular size distribution test 
under Albumin Human; packing L59 is used in the test for Chro
matographic purity under Clonidine; and packing L60 is used in 
the tests for Related compounds and in the Assay under Bethane
chol Chloride and Bethanechol Chloride Tablets . All of these 
monographs also appear elsewhere in this number of PF. 

(BPC: M. Marques; BBP: L. Bhattacharyya; PA3 : S. Sala-
do) RTS-38897-1; 39178-1 

Change to read: 

SYSTEM SUITABILITY 
System suitability tests are an integral part of gas and liquid 

chromatographic methods. They are used to verify that the reso
lution and reproducibility of the chromatographic system are ade
quate for the analysis to be done. The tests are based on the concept 
that the equipment, electronics, analytical operations, and samples 
to be analyzed constitute an integral system that can be evaluated 
as such. 

The resolution, R, [NOTE- All terms and symbols are defined in 
the Glossary of Symbols.] is a function of column efficiency, N, and 
is specified to ensure that closely eluting compounds are resolved 
from each other, to establish the general resolving power of the sys
tem, and to ensure that internal standards are resolved from the 
drug. Column efficiency may be specified also as a system suitabil
ity requirement, especially if there is only one peak of interest in 
the chromatogram; however, it is a less reliable means to ensure 
resolution than direct measurement. Column efficiency is a mea
sure of peak sharpness, which is important for the detection of trace 
components. 
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Replicate injections of a Standard preparation used in the assay 
or other standard solution are compared to ascertain whether re
quirements for precision are met. Unless otherwise specified in 
the individual monograph, data from five replicate injections of 
the analyte are used to calculate the relative standard deviation, 
SR, if the requirement is 2.0% or less; data from six replicate injec
tions are used if the relative standard deviation requirement is more 
than 2.0%. 

The tailing factor, T, a measure of peak symmetry, is unity for 
perfectly symmetrical peaks and its value increases as tailing be
comes more pronounced (see Fig. 2). In some cases, values less 
than unity may be observed. As peak asymmetry increases, integra
tion, and hence precision, becomes less reliable. 

l 
h 

0,05h 

peak maximum) 

Fig. 2. Asymmetrical chromatographic peak. 

These tests are performed by collecting data from replicate in
jections of standard or other solutions as specified in the individual 
monograph. The specification of definitive parameters in a mono
graph does not preclude the use of other suitable operating condi
tions (see Procedures under Tests and Assays in the General 
Notices). fcejHstllleRts of OfJere:tiag eoaeitioes to FReet S)1Steffi SH it 
fleilil'j1 FOEjl:lireffieR!S ffifl)' ee R00099flf)'. 

•If adjustments of operating conditions to meet system suit-

ability requirements are necessary, each of the following is 

the maximum specification that can be considered, unless 

otherwise directed in the monograph. Adjustments are per

mitted only when Referenee gtane:anls suitable standards 

(including Reference Standards) are available for all l¼ftft

t;'teS compounds used in the suitability test and are used 

to show that the adjustments have improved the quality of 

the chromatography in meeting system suitability require

ments. Adjustments to chromatographic systems performed 

in order to comply with system suitability requirements are 

not to be made to compensate for column failure or to cir

cumvent replacing a deteriorated column. 

pH of Mobile Phase (HPLC}-The pH of the aqueous 

buffer used in the preparlation of the mobile phase can be 

adjusted to within ± 0.2 units of the value or range speci

fied. 

Concentration of Salts in Buffer (HPLC)-The concentra

tion of the salts used in the preparation of the aqueous buffer 

used in the mobile phase can be adjusted to within ± 10%, 

provided the permitted pH variation (see above) is met. 

Ratio of Components in Mobile Phase (HPLC)--+he 

amo1:1nt of the ffliftor The following adjustment limits apply 

to minor components of the mobile phase (specified at 50% 

or less). The amount(s) of these component(s) can be ad

justed by ± 30% feffitt¥e or ± 2% absolute (i.e., in relation 

to the total mobile phase), whichever is larger. However, the 

change in any component cannot exceed ± 10% absolute, 

nor can the final concentration of any component be reduced 

to zero. Examples of adjustments for binary and ternary 

mixtures are given below. 

Binary Mixtures-

SPECIFIED RATIO OF 50:50-Thirty percent of 50 is 15% ab

solute, but this exceeds the maximum permitted change of 

± 10% absolute in either component. Therefore, the mobile 

phase ratio may be adjusted only within the range of 40:60 

to 60:40. 

SPECIFIED RATIO OF 95 :5- Thirty percent of 5 is 1.5% abso

lute. However, because adjustments up to ± 2% absolute are 

allowed, the ratio may be adjusted within the range of93:7 

to 97 :3. 

SPECIFIEDRAT100F2:98- Thirty percent of2 is 0.6% abso

lute. In this case an absolute adjustment of ± 2% is not al

lowed because it would reduce the amount of the first 

component to zero. Therefore the maximum allowed adjust

ment is within the range of 1.4:98.6 to 2.6:97.4. 

Ternary Mixtures-

SPECIFIED RATIO OF 60:35:S-For the second component, 

30% of 35 is 10.5% absolute, which exceeds the maximum 

permitted change of ± 10% absolute in any component. 

Therefore the second component may be adjusted only 

within the range of25% to 45% absolute. For the third com

ponent, 30% of 5 is 1.5% absolute. Since ± 2% absolute is 
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permitted and provides more flexibility, the third component 
may be adjusted within the range of 3% to 7% absolute . In 
all cases, a sufficient quantity of the first component is used 
to give a total of 100%. 

E>etedor Wavelength of UV-Visible Detector (HPLC)-De
viations from the wavelengths specified in the method are 
not permitted. The procedure specified by the detector man
ufacturer, or another validated procedure, is to be used to 
verify that error in the detector wavelength is, at most, 
±3 nm. 

Column Length (GC, HPLC): can be adjusted by as much 
as ±70%. 

Column Inner Diameter (GC, HPLC): can be adjusted by 
as much as ± ~50%. 

Film Thickness (Capillary GC): can be adjusted by as much 
as -50% to +100%. 

Particle Size (HPLC): can be reduced by as much as 50%. 
Flow Rate (GC, HPLC): can be adjusted by as much as 

±50%. 

Injection Volume (GC, HPLC): can be reduced as far as is 
consistent with accepted precision and detection limits. It 
may be increased to as much as twice the volume specified, 
provided there are no adverse effects on factors such as 
baseline, peak shapes, resolution, linearity, and retention 
times. 

Column Temperature (HPLC): can be adjusted by as much 
as ± 20°. Column thermostating is recommended to im
prove control and reproducibility of retention time. 

Column Temperature (GC): can be adjusted by as much as 
± 2%, in terms of absolute temperature. 

Oven Temperature Program (GC)-Adjustment of tem
peratures is permitted as stated above. For the times speci
fied for the temperature to be maintained or for the 
temperature to be changed from one to another, an adjust
ment of up to ± 20% is permitted .• 2 

Unless otherwise directed in the monograph, system suitability parameters are determined from the analyte peak. To ascertain the effectiveness of the final operating system, it should be subjected to suitability testing. Replicate injections of the standard preparation required to demonstrate adequate system precision may be made before the injection of samples or may be interspersed among sample injections. System suitability must be demonstrated throughout the run by injection of an appropriate control preparation at appropriate intervals. The control preparation can be a standard preparation or a solution containing a known amount of analyte and any additional materials useful in the control of the analytical system, such as excipients or impurities. Whenever there is a significant change in equipment or in a critical reagent, suitability testing should be performed before the injection of samples. No sample analysis is acceptable unless the requirements of system suitability have been met. Sample analyses obtained while the system fails 

•system suitability■ 2 
requirements are unacceptable. 

Change to read: 

CHROMATOGRAPHIC REAGENTS 
The following list of packings (L), phases (G), and supports (S) is intended to be a convenient reference for the chromatographer. [Norn- Particle sizes given in this listing are those generally provided. Where other, usually finer, sizes are required, the individual monograph specifies the desired particle size. Within any category of packings or phases listed below, there may be a wide range of columns available. Where it is necessary to define more specifically the chromatographic conditions, the individual monograph so indicates.] 

Packings 
LI - Octadecyl silane chemically bonded to porous silica or ceramic micro-particles, 3 to IO µm in diameter. 
L2- Octadecyl silane chemically bonded to silica gel of a controlled surface porosity that has been bonded to a solid spherical core, 30 to 50 µm in diameter. 
L3- Porous silica particles, 5 to IO µm in diameter. L4-Silica gel of controlled surface porosity bonded to a solid spherical core, 30 to 50 µm in diameter. 
LS- Alumina of controlled surface porosity bonded to a solid spherical core, 30 to 50 µm in diameter. 
L6- Strong cation-exchange packing-sulfonated fluorocarbon polymer coated on a solid spherical core, 30 to 50 µm in diameter. L7- Octylsilane chemically bonded to totally porous silica particles, 3 to IO µm in diameter. 
L8- An essentially monomolecular layer of aminopropylsilane chemically bonded to totally porous silica gel support, IO µm in diameter. 
L9- 10-µm irregular or spherical, totally porous silica gel having a chemically bonded, strongly acidic cation-exchange coating. LI0- Nitrile groups chemically bonded to porous silica particles, 3 to IO µm in diameter. 
LI I- Phenyl groups chemically bonded to porous silica particles, 5 to 10 µm in diameter. 
L 12- A strong anion-exchange packing made by chemically bonding a quaternary amine to a solid silica spherical core, 30 to 50 µm in diameter. 
LI 3- Trimethylsilane chemically bonded to porous silica particles, 3 to l 0 µm in diameter. 
Ll4- Silica gel IO µmin diameter having a chemically bonded, strongly basic quaternary ammonium anion-exchange coating. 
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L15- Hexylsilane chemically bonded to totally porous silica 

particles, 3 to IO µm in diameter. 
L 16-Dimethylsilane chemically bonded to porous silica parti

cles, S to IO µm in diameter. 
L 17- Strong cation-exchange resin consisting of sulfonated 

cross-linked styrene-divinylbenzene copolymer in the hydrogen 

fonn, 7 to 11 µm in diameter. 
L 18- Amino and cyano groups chemically bonded to porous 

silica particles, 3 to 10 µmin diameter. 
L 19- Strong cation-exchange resin consisting of sulfonated 

cross-linked styrene-divinylbenzene copolymer in the calcium 

fonn, about 9 µm in diameter. 
L20--Dihydroxypropane groups chemically bonded to porous 

silica particles, S to IO µm in diameter. 
L21 - A rigid, spherical styrene-divinylbenzene copolymer, S to 

10 µm in diameter. 
L22- A cation-exchange resin made of porous polystyrene gel 

with sulfonic acid groups, about IO µm in size. 
L23- An anion-exchange resin made of porous polymethacry

late or polyacrylate gel with quaternary ammonium groups, about 

IO µm in size. 
L24- A semi-rigid hydrophilic gel consisting of vinyl polymers 

with numerous hydroxyl groups on the matrix surface, 32 to 63 µm 

in diameter. 5 

L25- Packing having the capacity to separate compounds with 

a molecular weight range from I 00-5000 (as detennined by poly

ethylene oxide), applied to neutral, anionic, and cationic water-so

luble polymers. A polymethacrylate resin base, cross-linked with 
polyhydroxylated ether (surface contained some residual carboxyl 

functional groups) was found suitable. 
L26- Butyl silane chemically bonded to totally porous silica 

particles, S to IO µm in diameter. 
L27- Porous silica particles, 30 to SO µm in diameter. 
L28- A multifunctional support, which consists of a high pur

ity, 100 A, spherical silica substrate that has been bonded with an

ionic exchanger, amine functionality in addition to a conventional 

reversed phase C8 functionality. 
L29- Gamma alumina, reverse-phase, low carbon percentage 

by weight, alumina-based polybutadiene spherical particles, S 

µm in diameter with a pore volume of 80 A. 
L30- Ethyl silane chemically bonded to totally porous silica 

particles, 3 to IO µm in diameter. 
L31 - A strong anion-exchange resin-quaternary amine bonded 

on latex particles attached to a core of 8.5-µm macroporous parti

cles having a pore size of 2000 A and consisting of ethylvinylben

zene cross-linked with 55% divinylbenzene. 
L32- A chiral ligand-exchange packing-L-proline copper com

plex covalently bonded to irregularly shaped silica particles, S to 

IO µm in diameter. 
L33- Packing having the capacity to separate ~ 

•dextrans■ 1 

by molecular size over a range of 4,000 to ~ 

•soo,000.1 
Da. It is spherical, silica-based, and processed to provide pH sta
bility. 

■ 1 6 
■ I 

L34- Strong cation-exchange resin consisting of sulfonated 

cross-linked styrene-divinylbenzene copolymer in the lead fonn , 
about 9 µm in diameter. 

L35- A zirconium-stabilized spherical silica packing with a hy

drophilic (diol-type) molecular monolayer bonded phase having a 

pore size of ISO A. 
L36--A 3,5-dinitrobenzoyl derivative of L-phenylglycine cova

lently bonded to 5-µm aminopropyl silica. 

5 Available as Fractogel TSK-HW-40F and distributed by Merck and Co. 
16 Available as TSKgel G4000 SWXL from Tosoh Corp. (www.tosohbio

sep.com). 

L37- Packing having the capacity to separate proteins by mo

lecular size over a range of 2,000 to 40,000 Da. It is a polymetha

crylate gel. 
L38- A methacrylate-based size-exclusion packing for water

soluble samples. 
L39- A hydrophilic polyhydroxymethacrylate gel of totally 

porous spherical resin. 
L40--Cellulose tris-3,5-dimethylphenylcarbamate coated por

ous silica particles, S to 20 µm in diameter. 
L41 - lmmobilized a: 1-acid glycoprotein on spherical silica par

ticles, S µm in diameter. 
L42- 0ctylsilane and octadecylsilane groups chemically 

bonded to porous silica particles, S µm in diameter. 
L43- Pentafluorophenyl groups chemically bonded to silica 

particles, S to IO µm in diameter. 
L44-A multifunctional support, which consists of a high pur

ity, 60 A, spherical silica substrate that has been bonded with a ca

tionic exchanger, sulfonic acid functionality in addition to a 

conventional reversed phase C8 functionality. 
L45- Beta cyclodextrin bonded to porous silica particles, S to 

IO µm in diameter. 
L46- Polystyrene/divinylbenzene substrate agglomerated with 

quaternary amine functionalized latex beads, IO µm in diameter. 
L47- High-capacity anion exchange microporous substrate, 

fully functionalized with trimethlyamine groups, 8 µm in dia
meter.6 

L48- Sulfonated, cross-linked polystyrene with an outer layer 

of submicron, porous, anion-exchange microbeads, IS µm in dia

meter. 
L49- A reversed-phase packing made by coating a thin layer of 

polybutadiene on to spherical porous zirconia particles, 3 to IO µm 

in diameter. 7 

LS0- Multifunction resin with reversed-phase retention and 

strong anion-exchange functionalities. The resin consists of ethyl

vinylbenzene, 55% cross-linked with divinylbenzene copolymer, 3 

to IS ~tm in diameter, and a surface area not less than 350 m2 per g. 
Substrate is coated with quaternary ammonium functionalized la

tex particles consisting of styrene cross-linked with divinylben
zene.8 

LS I- Amy lose tris-3,5-dimethylphenylcarbamate-coated, por

ous, spherical, silica particles, S to IO µm in diameter9
. 

LS2- A strong cation exchange resin made of porous silica with 

sulfopropyl groups, S to IO µm in diameter. 10 

•L53-An anion-exchange resin consisting of a rigid, sphe

rical styrene-divinylbenzene copolymer with trimethylam

monium groups at a loading of about 2 mEq per g, 3 to 

20 µm in diameter. 14 
• 2 

6 Available as CarboPac MAI and distributed by Dionex Corporation. 
7 Available as Zirchrom PBD, manufactured by ZirChrom Separations, 

Inc. , distributed by Alltech, www.Alltechweb.com. 
8 Available as OrnniPac PAX-500 and distributed by Dionex Corporation. 
9 Available as Chiralpak AD from Chiral Technologies, Inc., 730 Spring

dale Drive, P. 0 . Box 564, Exton, PA 19341. 
10 Available as TSK IC SW Cation from Tosoh Corp. 
14 Available as PRP-XI 00 from Hamilton Company (www.harniltoncom

pany.com). 
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•L55-Weak cation-exchange resin consisting of ethylvi

nylbenzene, 55% cross-linked with divinylbenzene copoly

mer, 3 to 15 µm diameter. Substrate is surface grafted with 

carboxylic acid and/or phosphoric acid functionalized 

monomers. Capacity not less than 500 µEq/column. 17 ■ i 

•L56-A size exclusion medium made of covalent bonding 

of dextran to highly cross-linked porous agarose beads, 

about 13 µm in diameter allowing resolution of oligosac

charides in the molecular weight range of 180 to 3000.18 
• 2 

•L57-Spherical, porous silica gel, 3 or 5 µm in diameter, 

the surface of which has been covalently modified with pal

mitamidopropyl groups and endcapped with acetamidopro

pyl groups to a ligand density of about 6 µmoles per m2• 
19 

• 2 

"'L58-Packing having the capacity to separate proteins by 

molecular weight over the range of l Oto 500 kDa. It is sphe

rical (10 µm), silica-based, and processed to provide hydro

philic characteristics and pH stability.20 ,..usm 

"'L59-Propyl silane chemically bonded to totally porous 

silica particles, 3 to 10 µmin diameter.21 ,..usp27 

"'L60-A strong cation exchange resin made of porous sil

ica coated with polybutadiene-maleic acid copolymer, 

about 5 µmin diameter.23 ,..usp27 

17 Available as IonPac CS 14 distributed by Dionex Corporation (www.dio
nex.com). 
18 Available as Superdex Peptide HR 10/30 from Amersham Pharmacia 
Biotech (www.amershambiosciences.com). 
19 Available as Supelcosil ABZ from Supelco. (www.sigma-aldrich.com/ 
supelco) 
20 Available as TSKgel G3000SW Column (analytical column) and 
TSKgel Guard (guard column) from Tosoh Biosep (part numbers 05103 
and 05317, respectively). (www.tosohbiosep.com) 
21 Available as Zorbax SB-C3 from Agilent Technologies. (www.agilent. 
com/chem) 
23 Available as IC-Pak C MID from Waters Corp. (www.waters.com). 

Phases 

G 1-Dimethylpolysiloxane oil. 
G2-Dimethylpolysiloxane gum. 
G3-50% Phenyl-50% methylpolysiloxane. 
G4-Diethylene glycol succinate polyester. 
G5-3-Cyanopropylpolysiloxane. 
G6-Trifluoropropylmethylpolysiloxane. 
07-50% 3-Cyanopropyl-50% phenylmethylsilicone. 
08-80% Bis(3-cyanopropyl)-20% 3-cyanopropylphenylpoly-

siloxane (percentages refer to molar substitution). 
G9-Methylvinylpolysiloxane. 
GlO-Polyamide formed by reacting a C36 dicarboxylic acid 

with 1,3-di-4-piperidylpropane and piperidine in the respective 
mole ratios of 1.00:0.90:0.20. 

G 1 l-Bis(2-ethylhexyl) sebacate polyester. 
G 12- Phenyldiethanolamine succinate polyester. 
G 13-Sorbitol. 
G14-Polyethylene glycol (av. mo!. wt. of950 to 1050). 
G15-Polyethylene glycol (av. mo!. wt. of 3000 to 3700). 
G 16-Polyethylene glycol compound (av. mo!. wt. about 

15,000). A high molecular weight compound of polyethylene gly
col with a diepoxide linker. Available commercially as Polyethy
lene Glycol Compound 20M, or as Carbowax 20M, from suppliers 
of chromatographic reagents. 

G 17-75% Phenyl-25% methylpolysiloxane. 
G 18-Polyalkylene glycol. 
G 19-25% Phenyl-25% cyanopropyl-50% methylsilicone. 
G20-Polyethylene glycol (av. mo!. wt. of 380 to 420). 
G21-Neopentyl glycol succinate. 
G22-Bis(2-ethylhexyl) phthalate. 
G23-Polyethylene glycol adipate. 
G24-Diisodecyl phthalate. 
G25-Polyethylene glycol compound TPA. A high molecular 

weight compound of a polyethylene glycol and a diepoxide that 
is esterified with terephthalic acid. Available commercially as Car
bowax 20M-TPA from suppliers of chromatographic reagents. 

026-25% 2-Cyanoethyl-75% methylpolysiloxane. 
027-5% Phenyl-95% methylpolysiloxane. 
028-25% Phenyl-75% methylpolysiloxane. 
029-3,3' -Thiodipropionitrile. 
G30-Tetraethylene glycol dimethyl ether. 
G31-Nonylphenoxypoly(ethyleneoxy)ethanol (av. ethyle-

neoxy chain length is 30); Nonoxynol 30. 
G32-20% Phenylmethyl-80% dimethylpolysiloxane. 
033-20% Carborane-80% methylsilicone. 
G34-Diethylene glycol succinate polyester stabilized with 

phosphoric acid. 
G35-A high molecular weight compound of a polyethylene 

glycol and a diepoxide that is esterified with nitroterephthalic acid. 
G36-l % Vinyl-5% phenylmethylpolysiloxane. 
G3 7-Polyimide. 
G3 8-Phase GI containing a small percentage of a tailing inhib-

itor. 6 

G39-Polyethylene glycol (av. mo!. wt. about 1500). 
G40-Ethylene glycol adipate. 
G41-Phenylmethyldimethylsilicone (10% phenyl-substituted). 
042-35% phenyl-65% dimethylpolysiloxane (percentages re-

fer to molar substitution). 
G43-6% cyanopropylphenyl-94% dimethylpolysiloxane (per

centages refer to molar substitution). 
044-2% low molecular weight petrolatum hydrocarbon grease 

and 1 % solution of potassium hydroxide. 
G45-Divinylbenzene-ethylene glycol-dimethylacrylate. 
046-14% Cyanopropylphenyl-86% methylpolysiloxane. 
G47-Polyethylene glycol (av. mo!. wt. of about 8000). 
G4S-Highly polar, partially cross-linked cyanopolysiloxane. 

6 A suitable grade is available commercially as "SP2 l 00/0.1 % Carbowax 
1500" from Supelco, Inc., Supelco Park, Bellefonte, PA 16823. 
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• G49-Proprietary derivatized phenyl groups on a polysi

loxane backbone.22 ■ i 

•GS0-Polyethylene glycol, cross-linked (av. mo!. wt. of 

more than 20,000)23 ■ i 

Supports 

NOTE-Unless otherwise specified, mesh sizes of 80 to I 00 or, 
alternatively, I 00 to 120 are intended. 

SI A- Siliceous earth for gas chromatography has been flux-cal
cined by mixing diatomite with Na2CO3 flux and calcining above 
900°. The si liceous earth is acid-washed, then water-washed until 
neutral, but not base-washed. The siliceous earth may be silanized 
by treating with an agent such as dimethyldichlorosilane7 to mask 
surface silanol groups. 

SI AB-The siliceous earth as described above is both acid- and 
base-washed. 7 

SIC-A support prepared from crushed firebrick and calcined 
or burned with a clay binder above 900° with subsequent acid
wash. It may be silanized. 

SI NS- The sil iceous earth is untreated. 
S2- Styrene-divinylbenzene copolymer having a nominal sur

face area of less than 50 m2 per g and an average pore diameter 
of 0.3 to 0.4 µm. 

S3-Copolymer of ethylvinylbenzene and divinylbenzene hav
ing a nominal surface area of 500 to 600 m2 per g and an average 
pore diameter of 0.0075 µm. 

S4-Styrene-divinylbenzene copolymer with aromatic - 0 and -
N groups, having a nominal surface area of 400 to 600 m2 per g and 
an average pore diameter of 0.0076 µm. 

S5-40- to 60-mesh, high-molecular weight tetrafluorethylene 
polymer. 

S6-Styrene-divinylbenzene copolymer having a nominal sur
face area of 250 to 350 ml per g and an average pore diameter 
of0.0091 µm . 

S7- Graphitized carbon having a nominal surface area of 12 ml 
per g. 

S8-Copolymer of 4-vinyl-pyridine and styrene-divinylben
zene. 

S9-A porous polymer based on 2,6-diphenyl-p-phenylene 
oxide. 

SI 0- A highly polar cross-Jinked copolymer of acrylonitrite 
and divinylbenzene. 

S 11 - Graphitized carbon having a nominal surface area of I 00 
m2 per g modified with small amounts of petrolatum and polyethy
lene glycol compound.8 

S 12- Graphitized carbon having a nominal surface area of l 00 
m2 per g. 

22 A suitable grade is available commercially as "Optima Delta 3" from 
Machery-Nagel, Inc., 215 River Vale Road, River Vale, NJ 07675 . 
23 A suitable grade is available commercially as Famewax from Restek . 
7 Unless otherwise specified in the individual monograph, silanized support 
is intended. 
8 Commercially available as SP 1500 on Carbopack B from Supelco. 

BRIEFING 

(696) Crystallinity Determination by Solution Calorimetry, 
page 1299 of PF28(4) [July- Aug. 2002]. This new general chapter 
was previewed as (518) Solution Calorimetry in PF 28(4), but is 
now shown with the corrected chapter title and number. Clarifica
tion is made to the section on Calorimeter Calibration for endother
mic solutions. This new general chapter is now forwarded to In
Process Revision. 

(ETM: J. Lane) RTS- 39319-1 

Add the following: 

•(§.l-8) SOLUTION 
CALORTh4ETRY ( 696) 
CRYSTALLINITY 
DETERMINATION BY 
SOLUTION CALORIMETRY 

INTRODUCTION-THE CONCEPT OF CRYSTAL

LINITY 

The perfectly ordered crystal lattice with every molecule 

in its expected lattice position is an ideal that is seldom, if 

ever, achieved. The other extreme is the amorphous state, in 

which a crystal contains the maximum possible density of 

imperfections (defects of various dimensionalities), such 

that all long-range order is lost while only the short-range 

order, imposed by its nearest molecular neighbors, remains. 

Real crystals lie somewhere between these two extremes. A 

crystal's position on a scale bounded by these two extremes 

is termed its crystallinity. 

All real crystals, even in the pure state, possess some lat

tice imperfections or defects, which increase both the energy 

(enthalpy under conditions of constant atmospheric pres

sure) and the disorder (expressed as the entropy) of the crys

tal lattice. A crystal with a relatively small density of 

imperfections is said to be highly crystalline and to possess 

a high crystallinity. By contrast, a particle with a relatively 

high density of imperfections is said to be partially amor

phous and to possess a low crystallinity. A totally amor

phous particle corresponds to zero crystallinity. Even 
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amorphous particles may contain domains of somewhat or- solution may be defined as the enthalpy of the substance dis-

dered molecules that can act as nuclei for crystallization; solved in the solution to a defined concentration minus the 

such so-called amorphous particles are said to possess a enthalpy of the original solid substance. The solvent for the 

small but finite crystallinity. solution process must be such that the weight of the solid 

For a powder or a collection of particles, two models of taken (25 to 100 mg) dissolves within a time frame that 

crystallinity have been proposed: the one-state model and matches the response time of the calorimeter, as discussed 

the two-state model. According to the one-state model, all below. The enthalpy of solution is, of course, proportional 

particles in the powder possess essentially the same crystal- to the amount of solid being dissolved. This amount may be 

linity. By contrast, the two-state model postulates that each defined as one mole for molar enthalpy or as one gram for 

particle in a powder may be either crystalline or amorphous, specific enthalpy. If the substance is pure and if its molecular 

such that the actual crystallinity is the weighted average of weight is known, the molar enthalpy is preferred, otherwise 

these two extreme crystallinities. In reality, a powder prob- the specific enthalpy must be used. The enthalpy of solution 

ably contains particles with different degrees of crystallinity, is weakly dependent on both the temperature, which is 

just as it may contain particles with different sizes and usually 25.0°, and the final concentration of the dissolved 

shapes. The lower the crystallinity of a particle, the greater solute, which is usually on the order of 50 to 200 mg per 

its enthalpy and entropy. The increase in enthalpy is never 100 mL of solvent. 

totally compensated by the increase in entropy; however, the The crystallinity of the solid sample under study is given 

Gibbs free energy, which reflects the balance between them, by the enthalpy of solution of the solid sample /iH\, minus 

actually increases. Hence, the lower the crystallinity of a the enthalpy of solution of the chosen reference standard of 

particle, and consequently the greater its amorphous charac- the same substance, /iH' R, when determined under the same 

ter, the greater its apparent intrinsic solubility, dissolution conditions. Because the reference standard is usually chosen 

rate, and reactivity, but the lower its stability. Because of for its perceived high crystallinity, its enthalpy of solution 

the great relevance of these properties, crystallinity is also usually is algebraically greater (more endothermic or less 

an important property and requires measurement by a suit- exothermic) than that of the solid sample under study in 

able method. the same solvent. Consequently, the crystallinity so deter-

Various methods are available for the measurement of mined is a negative quantity with the SI units, kJ/mol or 

crystallinity. In the present chapter, the crystallinity of a J/g (J/kg is avoided because of its unwieldiness and poten-

powder is measured by solution calorimetry, although other tial for error). The preference for a negative value with re-

methods could be used provided they have been validated. spect to a highly crystalline reference standard recognizes 

the fact that most samples have a lower crystallinity than 

DETERMINING CRYSTALLINITY BY SOLUTION 

CALORIMETRY 

Solution calorimetry provides a means of determining en

thalpy of solution (i.e., heat of solution under constant at

mosphere pressure) of a solid substance. Enthalpy of 

this reference standard. 

A number of substances, including some purified by 

freeze-drying, may be available in an amorphous form but 

not in a crystalline form. With such substances, an amor

phous form, prepared by a standard procedure, may be used 
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as the reference standard. The enthalpy of solution may then 

be algebraically smaller than that of the chosen amorphous 

reference standard, in which case the crystallinity, as defined 

above, has a positive value. 

The use of a single reference standard for each solid sub

stance provides a single crystallinity scale, expressed in 

terms of energy, for each substance and recognizes that each 

solid drug or excipient has unique properties. Furthermore, 

the crystallinity can be recalculated-if the original refer

ence standard is later replaced by a more crystalline ( or more 

amorphous) reference standard-because enthalpies of 

solution are additive quantities according to Hess's Law 

of constant heat summation, i.e., the first law of thermody

namics. 

In principle, the determination of the crystallinity of poly

mers may also be carried out using solution calorimetry, but 

this requires a defined reference standard for the polymer 

and a solvent in which the polymer is sufficiently soluble 

as discussed below. 

Because the enthalpy of solution depends not only on the 

crystallinity of the solid but also on the various other solute

solute intermolecular interactions and on the solute-solvent 

and solvent- solvent intermolecular interactions, a zero val

ue for the enthalpy of solution does not necessarily indicate 

zero crystallinity of the solid solute. 

It is sometimes preferred to express the crystallinity, P0 

of a substance on a percentage scale, as described by Pikal et 

al.,* who also provide references to relevant earlier litera

ture. This procedure requires two reference standards, 

namely a highly crystalline sample representing 100% crys

tallinity and having a measured enthalpy of solution of DJi'c, 

and an essentially amorphous sample representing 0% crys

tallinity and having a measured enthalpy of solution of 

See Pikal, M. J.; Lukes, A. L.; Lang, J. E.; Gaines, K. 
Quantitative crystallinity determinations for ~-lactam anti
biotics by solution calorimetry: correlations with stability, 
J Pharm. Sci. 1978, 67, 767- 773 . 

DJ!\. From these values and from the measured enthalpy, 

DJ!',, of solution of the solid under study, the percentage 

crystallinity of the solid, Pc, may be calculated as follows: 

Pc (%)= l00(M', - DJi'0 )/(DJi'c - DJi'0 ) 

Clearly, crystallinity expressed on a percentage scale de

pends on three, not two, measured values and the enthalpies 

of solution may be replaced by other corresponding physical 

quantities that depend on crystallinity. The value of the per

centage crystallinity of a solid sample, however, depends 

not only on the nature and method of preparation of the 

two reference standards, but also on the choice of the phy

sical quantity that is measured. 

The enthalpy of solution is measured at 25.0 ± 0.1 ° 

either by an isoperibol ( constant perimeter, i.e., jacket) solu

tion calorimeter or by an isothermal ( constant temperature) 

solution calorimeter using a fixed weight from 25 to I 00 mg 

of solid sample, weighed to ± 0.1 mg, with a fixed weight 

of solvent from 25 to 100 g, weighed to 0.0 I g (usually 

50.00 ± 0.01 g) . The weight of solid solute and the nature 

of the solvent should be so chosen that the enthalpy of solu

tion is not less than 200 mJ. At least three measurements are 

made with each sample, if a sufficient quantity is available, 

until the measured values of the heat of solution do not dif

fer by more than 5%. The arithmetic mean of these three val

ues is then calculated. 

Isoperibol Solution Calorimetry 

In the isoperibol solution calorimeter, the heat change 

during the solution process causes a corresponding change 

in temperature of the solvent- solute system (i.e. , solution). 

This temperature change is measured by a temperature sen

sor, which is wired to an electrical circuit that records an 

electrical signal corresponding to the temperature change. 
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Typically, this temperature change in an electronic fonn is 

measured at precisely defined time intervals to produce tem

perature-time data that are collected, analyzed by a compu

ter, and then plotted. A blank run without addition of the 

solid solute to the solvent should show no discernible 

change in the slope of the temperature- time plot. 

For isoperibol solution calorimeters, response is relatively 

rapid, but any heat losses to or heat gains from the bath re

duce the accuracy and contribute to noise. Therefore, isoper

ibol solution calorimeters are more advantageous than 

isothennal solution calorimeters when the solution process 

is relatively fast. For all measurements of enthalpy of solu

tion using isoperibol solution calorimeters, the choice of 

solvent and solid is critical. The nature and weight of the 

solvent and the weight of the solid sample allow the total 

heat change, corresponding to total dissolution of the solid, 

to proceed to completion within IO minutes under vigorous 

stirring at a constant rotational speed within the range of 400 

to 600 revolutions per minute. The rotational speed is 

checked with a stroboscope. 

Isothermal Solution Calorimetry 

In the isothermal (constant temperature) solution calori

meter, the heat change during the solution process is com

pensated for by an equal but opposite energy change, such 

that the temperature of the solvent-solute system (i.e., solu

tion) remains constant. This equal but opposite energy 

change is measured and, when its sign is reversed, provides 

the enthalpy of solution. For isothermal calorimeters, re

sponse is relatively slow, but the compensation process 

eliminates the effects of heat losses to or heat gains from 

the bath . Therefore, isothermal calorimeters are more ad

vantageous than isoperibol calorimetry when the solution 

process is relatively slow. 

CALORIMETER CALIBRATION 

To ensure the accuracy of the calorimeter, chemical cali

brations must be performed daily. For an endothermic solu

tion process, the calibration of the calorimeter is checked by 

measuring the heat absorbed during the dissolution of potas

sium chloride in distilled water at 298.15 K (25.0°).~ -

4.19 lceel/mol, 235.86 J_ Q.23 Jig, 235.25 J_ Q.71 J/g, 

235.71 J_ 1.27 J/g (H 18))) The established enthalpy 

change in this endothermic process is 235.5 Jig or 4.196 

kcal/mol.For an exothermic solution process, the calori

meter is checked by measuring the heat evolved during 

the dissolution of5 g per liter oftromethamine [tris(hydrox

ymethyl)aminomethane, THAM] in a 0.1 mol/L aqueous 

hydrochloric acid solution at 298.15 K (25.0°). The estab

lished heat for the aforementioned process is -29.80 kJ/ 

mo! or -7 .12 kcal/mo!. 

The effective heat capacity of the calorimeter cell and its 

contents is detennined for every calorimeter run. This deter

mination is accomplished by electrical heating of the con

tents of the calorimeter cell. The effective heat capacity is 

determined according to one of two protocols-either by 

making one determination after ampul breakage or by mak

ing one determination before and a second determination 

after ampul breakage and then averaging the two results. 

The accuracy and reliability of the electrical heating are es

tablished by the accuracy and reliability of the aforemen

tioned chemical calibrations. 

SAMPLE HANDLING 

The thennodynamic stability of solids decreases with de

creasing crystallinity. In particular, solids of low crystalli

nity, especially amorphous solids, tend to sorb water 

vapor from the atmosphere, leading to crystallization and 

a corresponding gain in crystallinity. For these reasons, an

hydrous solid samples whose crystallinity is to be deter-
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mined must be stored at zero humidity in sealed chambers 

containing a desiccant, preferably containing an indicator of 

effectiveness. If crystallinity-humidity studies are to be car

ried out, the solid sample should be stored in a sealed cham

ber containing a saturated salt solution to provide a defined 

relative humidity at 25.0 ± 0.1 ° .... usm 

BRIEFING 

(795) Pharmacy Compounding, USP 26 page 2197 and page 

458 of PF 28(2) [Mar.- Apr. 2002]. Based on comments received, 

the Compounding Pharmacy Expert Committee proposes to revise 

the chapter as follows: the footnote concerning the FDAMA Act of 

1997 is deleted to eliminate references to FDAMA, which no long

er applies to the chapter. The first paragraph, except for the last 

sentence, under the section Responsibility of the Compounder is 

deleted because the quality assurance requirements are not appli

cable to nonsterile compounding procedures. In addition, the state

ment on beyond-use date in the section For Nonaqueous Liquids 

and Solid Formulations under Stability of Compounded Prepara

tions is reverted to the original wording, "not later than 25% of the 

time remaining until the products expiration date or 6 months 

whichever date is earlier," which is applicable to compounded for

mulations. In the section Validation, the word "validation" is re

placed with "verification," since compounded formulations are 

verified for accuracy in calculations, weighing and measuring, or

der of mixing, and compounding techniques. Other changes are 

editorial in nature, intended to make the chapter read better. 

(CRX: C. Okeke) RTS- 38282-3 

Change to read: 

(795) PHAID.41'\.CY C0~4POUND 

ING 

•PHARMACEUTICAL COM

POUNDING-NONSTERILE 

PREPARATIONS ... usm 

Change to read: 

•For the purposes of this chapter, the pharmacist or other 

pharmacist or other licensed health care professional re

sponsible for tlw preparatiefl preparing the compounded 

preparations is referred to as "compounder. ... usn7 

Compounding is an integral part of pharmacy practice and is es

sential to the provision of health care. The purpose of this chapter 

and applicable monographs on formulation is to help define what 

constitutes good phE!ffflE!e)· 

•compounding ... usP27 
practices and to provide general information to enhance the t'ftM

~ 

•compounder 's ... usPn 

ability in the phElffllEIO)' 

•compounding facility ... usm 

to extemporaneously compound preparations that are of acceptable 

strength, quality, and purity. 

Compounding is different from manufacturing, which is guided 

by GMPs (see Good Manufacturing Practices for Bulk Pharma

ceutical Excipients ( I 078) ).+ 

... 
• USP27 

Some of the characteristics or criteria that differentiate compound-

ing from manufacturing include the existence of specific ~ 

tioHor pa!ieH! ph!!ffflaeis! 

•practitioner-patient-compounder ... usp27 

relationships; the quantity of medication prepared in anticipation of 

receiving a prescription or a prescription order; and the conditions 

of sale, which are limited to specific prescription orders. 

The pharmacist's 

eefflpettflder 's 
responsibilities in compounding drug preparations are to dispense 

the finished preparation in accordance with a prescription or a pre

scriber's order or intent and to dispense those preparations in com

pliance with requirements established by Boards of Pharmacy and 

other regulatory agencies. PhaFHJaeis!s 

•compounders ... usp27 
must be familiar with statutes and regulations that govern com

pounding because these requirements vary from state to state. 

The ph!!ffflaeis! 

•compounder ... usP21 
is responsible for compounding preparations of acceptable 

strength, quality, and purity with appropriate packaging and label

ing in accordance with good phaR11Se) 

•compounding ... usP21 
practices 

•(see Good Compounding Practices ( 1075) ), ... usm 

official standards, and relevant scientific data and information. 

Phaffflaeists 

•compounders ... uSP27 

engaging in compounding should 

•have to ... usp27 
continually expand their compounding knowledge by participating 

in seminars, studying appropriate literature, and consulting collea

gues. 

· tiee Aet 
d D ua AdffliHistr aey _ C~ 

d l¼fl :ids 8 rBet1e , 

Feder eerBpe 

s the ea ded pFe 

eHlpts ta ' r geed lflfffittfaeti 

· ' C A et's Fef!:utr lie!:l.ti:ees (§5Q5), 
the FD&()(2.)(B)], flew dR:tg ':;P _ a label [§SQ 

. es QI a f ns for ttse" ee t e iflg ef 
ee 1e fll)• tae ea 

, addFesses e eesrBe 
,etl¼f)' sttppleffleflts ef 
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Add the following: 

_..RESPONSIBILITY OF THE COMPOUNDER 

A eeffipeunder dispensing any eefflpeunded preparatien 

is respensible fer ensuring tl=tat tl=te preduet l=tas been pre 

pared, labeled, eentrelled, stared, dispensed, and distributed 

preperly. Tl=tis ineludes tl=te respensibili~· sf ensuring tl=tat 

tke eeffipeunded preparatiea is kept ttttder apprepriately 

eena,elled eenditiens at tl=te leeatiert efuse aad that it is ad 

miaisteFed preperl;· threugl=t adettttate laeeling aad ¥ereal er 

written insffttetiens. Tl=te eefflpeuader is alse respeasible fer 

ensuriag tl=tat tl=te eeffipetll'lded prep!lfatiea retaias its etuali~· 

atffibutes witl=t-in aeeeptable limits tkreugl=t a written etuality 

assuraaee pregraffi. Tl=tis pregraffl ensures tl=tat feF the eatire 

laeeled life sf tl=te pre duet, er uatil fflEIRipulated b;· tl=te elin 

ieian, patient, er earegi,·er, tl=te peteney, pH, sterility, if ap 

plieable, freederrt fFeffi pyregens , partieulate lifflits, 

eentaiaer integrity, appearaaee, and etl=ter ttttalities er el=tar 

aeteristies tl=tat tl=te 88Hlpeuaded preparatiea is enpeeted ts 

kaa,re de mEist. Tke etuali~· assttraaee pregraHl eneeH!passes 

e,·ef)' eerrtpeuaded preparatien uader tl=te eerrtpeuading fa 

eili~·'s eeatrel aad ineludes all pl=tases sf tl=teir preparatien, 

aistributiea , sterage, aaHliaistratiea, aaa use . The eeffi 

peuadiag faeility efflple;·s preper aaal;rtieal testiag, where 

apprepriate, ts ensure tl=te mieFebielegieal, el=teHlieal, ana 

pl=tysieal etuality sf all eeHlpeunded preparatiens. Tl=tese re 

speasibilities apply equally ts eeFAfflereiall;· fl't•ailable ia 

jeetable drug preauets tl=tat are aispensea ts patieats 

witl=teut eeHlpeunaing er etl=ter fflaaipulatien aad ts eeffl 

peuadea preparatieas that J:ia,·e beea repael,aged, reeensti 

tuted, diluted, adFAiJEed, elended, er etl=terwise fflanipulated 

(eelleeti,·ely referrea ts as "eeFApeunaed") ia aay wa;· prier 

ts dispeasiag. The compounder is responsible for ensuring 

that the quality is built into the compounded preparations of 

products, with key factors including at least the following 

general principles. (See also Good Compounding Practices 

( 1075).) 

(I) Personnel are capable and qualified to perform their as

signed duties. 

(2) Ingredients used in compounding have their expected 

identity, quality, and purity. 

(3) Compounded preparations are of acceptable strength, 

quality, and purity, with appropriate packaging and la

beling, ,,,,.itk geea eempeunding praetiees, and prepared 

in accordance with good compounding practices, offi

cial standards, and relevant scientific data and informa

tion. 

(4) Critical processes are validated to ensure that proce

dures, when used, will consistently result in the ex

pected qualities in the finished preparation. 

(5) The compounding environment is suitable for its in

tended purpose. 

(6) Appropriate stability evaluation is performed or deter

mined from the literature er felle'>YS tl=te individual pl'ep 

aratien aeseribed in tl=te Hlenegrapl=t er Pita, mac:;· 

C6H1poH1u.#ng ,¥8,•19~c1·ilc P1<eparaho11fi (~ )~ 

el=tapter. for establishing reliable beyond-use dating to 

ensure that the finished preparations have their ex

pected potency, purity, quality, and characteristics, at 

least until the labeled beyond-use date. 

(7) There is assurance that processes are always carried out 

as intended or specified and are under control. 

(8) Compounding conditions and procedures are adequate 

for preventing errors. 

(9) There are Adequate procedures and records exist for in

vestigating and correcting failures or problems in com

pounding, testing, or in the preparation itself._..usm 
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Change to read: 

COMPOUNDING ENVIRONMENT 

Facilities 

PAEIRHE10j" 

II,. 

11,. USPl l 
Areas designated for compounding have adequate space for the 

orderly placement of equipment and materials to prevent mixups 

between ingredients, containers, labels, in-process materials, and 

finished preparations . The compounding area is also to be de

signed, arranged, used, and maintained to prevent adventitious 

cross-contamination. Areas used for sterile preparations are to be 

separate and distinct from the nonsterile compounding area (see 

Sle, ile D, Nt; fl, Btit,etsfcJ, ,'wJme Uae 

8-cailc Piepa1atifms Pha, maey A·acaccs (HG6) ➔ 

• Environmental Quality and Control under Pharmaceutical 

Compounding-Sterile Preparations (797) ). usm 

The entire compounding area is to be well-lightet.'Heating, venti

lation, and air conditioning systems are to be controlled to avoid 

decomposition of chemicals (see Storage Temperature under Pre

servation, Packaging, Storage, and labeling in the General No

tices and Requirements and the manufacturers' labeled storage 

conditions). Storage areas provide an environment suitably con

trolled to ensure quality and stability of bulk chemicals and fin

ished preparations. 
Potable water is to be supplied for hand and equipment washing. 

This water meets the standards prescribed in the EPA's National 

Primary Drinking Water Regulations ( 40 CFR Part 141 ). Purified 

Water must be used for compounding nonsterile drug preparations 

when formulations indicate the inclusion of water. Purified Water 

must also be used for rinsing equipment and utensils. In those cases 

when a water is used to prepare a sterile preparation, Water for In

jection, Sterile Water for Injection, or Bacteriostatic Water for In

jection must be used (see Water for Pharmaceutical Purposes 

(I 231 ) and Ste,·il-e D1 Ng ,a, BtittetsftJ. ,"'18111e [he(~ ) 

8-cc1·ilc A epa, atiems Pha,"macy Pt•acticcs (HG6) ➔ 

• Pharmaceutical Compounding-Sterile Preparations 

(797) ). 11,. USPll 

Compounding areas are to be maintained in a clean and sanitary 

condition. Adequate washing facilities are to be provided, includ

ing hot and cold water, soap or detergent, and air driers or single

service towels. Sewage, trash, and other refuse in the compounding 

area are to be disposed of in a safe, sanitary, and timely manner. 

Equipment is to be thoroughly cleaned promptly after use to avoid 

cross-contamination of ingredients and preparations. Special pre

cautions are to be taken to clean equipment and compounding areas 

meticulously after compounding preparations that contain aller

genic ingredients (e.g., sulfonamides or penicillins). 

Equipment 

Equipment is to be of appropriate design and size for compound

ing and suitable for the intended uses. The types and sizes of equip

ment will depend on the dosage forms and the quantities 

compounded (see Weights and Balances (41 ), Prescription Bal

ances and Volumetric Apparatus ( I 176), and equipment manufac-

turer 's instruction manuals). All equipment is to be constructed so 

that surfaces that contact pharmaceutical components, in-process 

materials, or finished preparations are not reactive, additive, or ad

sorptive to avoid altering the safety, identity, strength, quality, or 

purity of the preparation. Htt1tipfflest EIHd aeeesseAes 1:tsed ts eeffl 

pet1t1dtftg sftou~8 Be iesJ=Jeeted, fB&H½iiotfted, &Bti e1oftfte8 at ~pfa 

priate ister ,·als te ess1tre tl,e aee1trae; asd reliaeilit; ef H1eir 

perfeRHasee. 

•The use of micropipets, electronic or analytical balances, 

or triturations or dilutions shall be considered when needed 

quantities are too small to accurately measure with standard 

equipment required by a state Board of Pharmacy. Equip

ment and accessories used in compounding are to be in

spected, maintained, cleaned, and validated at appropriate 

intervals to ensure the accuracy and reliability of their per

formance. 11,. usn7 

Change to read: 

STABILITY OF COMPOUNDED PREPARA
TIONS 

"Stability" is defined as the extent to which a preparation re

tains, within specified limits, and throughout its period of storage 

and use, the same properties and characteristics that it possessed at 

the time of compounding. See the table Criteria for Acceptable le

vels of Stability under Stability Considerations in Dispensing Prac

tice ( I 191 ) . 
The eeff!pe!!Hdisg flHElffflEleist 

•compounder 11,. usn7 

must avoid formulation ingredients and processing conditions that 

would result in a potentially toxic or ineffective preparation. The 

pharmacist's 

•compounder's 11,.usn 7 
knowledge of the chemical reactions by which drugs degrade pro

vides a means for establishing conditions under which the rate of 

degradation is minimized. The factors that influence the stability of 

pfepara!iess eefflpe1tsded e; flAEIRHEleis!s 

ee£Hpe1:maers 

•compounded preparations 11,. usn7 

are generally the same as those for manufactured drug products 

(see Factors Affecting Product Stability and Responsibility of the 

Pharmacist under Stability Considerations in Dispensing Practice 

(! 191 )). 

Primary Packaging 

Compounded preparations should be packaged in containers 

meeting USP standards (see Containers under Preservation, Pack

aging, Storage, and labeling in the General Notices and Require

ments , Containers (661 ), and Containers-Permeation (671 )). 

The container used depends on the physical and chemical proper

ties of the compounded preparation. Container-<lrug interaction is 

to be considered with substances such as phenolic compounds and 

sorptive materials (e.g., polypeptides and proteins). 
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Sterility 
Assurance of sterility in a compounded sterile preparation is 

mandatory. Compounding and packaging of sterile drugs, such 
as ophthalmic solutions, will require strict adherence to guidelines 
presented in the general infefffla~ien 

•test• usn 7 
chapter Sle, ile D, 1i1-g A t,dtte/5 fe, l-!8,ne Use ( I~) 

Sre1°if.c PreparatiB1ts Pharmae;,1 '°1'8.etiees (~ ) 
• Pharmaceutical Compounding-Sterile Preparations 

(797) 4 USP27 
and in the manufacturers' labeling instructions. 

Stability Criteria and Beyond-Use Dating 
The beyond-use date is the date after which a compounded prep

aration is not to be used and is determined from the date the prep
aration is compounded. Because compounded preparations are 
intended for administration immediately or following short-term 
storage, their beyond-use dates may be assigned based on criteria 
different from those applied to assigning expiration dates to man
ufactured drug products. 

PbEl!'fflaeis!s 

•compounders USP27 
are to consult an~ apply drug-specific and general stability docu
mentation and literature when available, and are to consider the 
nature of the drug and its degradation mechanism, the container 
in which it is packaged, the expected storage conditions, and the 
intended duration of therapy when assigning a beyond-use date 
(see Expiration Date and Beyond-Use Date under Labeling in 
the General Notices and Requirements). Beyond-use dates are to 
be assigned conservatively. When using manufactured solid do
sage forms to prepare a solution or aqueous suspension, the~ 
~ 

•compounder 4 usn1 
is also to consicter factors such as hydrolysis and the freeze-thaw 
property of the final preparation before assigning a beyond-use 
date. In assigning a beyond-use date for a compounded drug prep
aration, in addition to using all available stability information, the 
f!AElffflaeist 

•compounder ,1,,. usp27 
is also to use his or her pharmaceutical education and experience. 

When a manufactured product is used as the source of active in
gredient for a nonsterile compounded preparation, the product ex
piration date cannot be used to extrapolate directly a beyond-use 
date for the compounded preparation. However, a f!AC1ffflC1eis! 
•compounder usp27 
may refer to the'"Iiterature or to the manufacturer for stability infor
mation. The f!AElffflEleist 

•compounder . usn1 
may also refer to applicable publications to obtain stability, com
patibility, and degradation information on ingredients. All stability 
data must be carefully interpreted in relation to the actual com
pounded formulation. 

At all steps in the compounding, dispensing, and storage pro
cess, the f!AEIFfflaeis! 

•compounder . usn1 
1s to observe the compounded drug preparation for signs of in
stability. For more specific details of some of the common physical 
signs of deterioration, see Observing Products for Evidence of In-

stability under Stability Considerations in Dispensing Practice 
( 1191 ) . However, excessive chemical degradation and other drug 
concentration loss due to reactions may be invisible more often 
than they are visible. 

In the absence of stability information that is applicable to a spe
cific drug and preparation, the following maximum beyond-use 
dates are recommended for nonsterile compounded drug prepara
tions2 that are packaged in tight, light-resistant containers and 
stored at controlled room temperature unless otherwise indicated 
4 (see Preservation, Packaging, Storage, and Labeling in 

the General Notices and Requirements) .• usn1 

For Nonaqueous Liquids and Solid Formulations-
Where the Manufactured Drug Product is the Source of Active 

Ingredient-The beyond-use date is not later than 25% of the time 
remaining until the products expiration date or 6 months, which
ever is earlier. 

*ef!e )'Oaf er tke time remamiHg ttfltil tke ~reettets eit~ifa 

tieH Elate.~ 
Where a USP or NF Substance is the Source of Active Ingredi

ent-The beyond-use date is not later than 6 months. 

*eHe )'Oaf er Ml:e time remaiHing ttfltil tae ~reEltiets eit~ira 

tieH Elate.~ 
For Water-Containing Formulations (prepared from ingredi

ents in solid form}--The beyond-use date is not later than 14 days 
•for liquid preparationS4 uSP2 7 
when stored at cold temperatures 

•between 2° and 8° (36° and 46° F) .• usp27 For All Other Formulations-The beyond-use date is not later 
than the intended duration of therapy or 30 days, whichever is ear
lier. These beyond-use date limits may be exceeded when there is 
supporting valid scientific stability information that is directly ap
plicable to the specific preparation (i.e., the same drug concentra
tion range, pH, excipients, vehicle, water content, etc.). See also 
the beyond-use dating information in the Labeling section under 
Repackaging Into Single-Unit Containers and Unit-Dose Con
tainers for Nonsterile Solid and Liquid Dosage Forms under Con
tainers ( 661). 

Beyond-Use Labeling 
Federal law requires that manufactured drug products be labeled 

with an expiration date. Some state laws may require a beyond-use 
date. The label on the container or package of an official com
pounded preparation must bear a beyond-use date. Good f!AClffflaO)' 

•compounding"'usP21 
practice dictates beyond-use labeling for all compounded prepara
tions. 

2 For guidelines applicable to dating sterile compounded preparations, see 
&10, age a,,ti &lfJi, t11io11 f>t1.'i11g UFuler &10, i.'e f), 11t: P, otiHe/;J ,f:J, }l-81110 
tffl!(~ ) 

£10, i.'-e P, ep6:,'6:li011 P.h6:1<J1t6:C,' P., 6:eliees ( ~) 

• Storage and Beyond-Use Dating under Pharmaceutical Com
pounding-Sterile Preparations(797) .• usp27 
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Change to read: 

DEFINITIONS 

For purposes of this chapter, the following terms shall have these 

meanings. 
PREPARATION is a drug ~ 

•dosage fonn,. usn7 
a nutritional supplement, or a finished device. It is the finished or 

partially finished preparation of one or more~ 

• ij USP27 
substances fonnulated for use on or for the patient or consumer 

(see General Notices and Requirements). 
OFFICIAL SUBSTANCE includes an active drug entity, a recog

nized nutrient, or a pharmaceutic ingredient (see also Nii-µ;, 

•NF 22).usm 
or a component of a finished device. 

ACTIVE INGREDIENT usually refers to chemicals, substances, or 

other components of articles intended for use in the diagnosis, cure, 

mitigation, treatment, or prevention of diseases in humans or other 

animals or for use as nutritional supplements. 
ADDED SUBSTANCES are ingredients that are necessary to prepare 

the preparation but are not intended or expected to cause a human 

phannacologic response if administered alone in the amount or 

concentration contained in a single dose of the compounded prep

aration. The term added substances is usually used synonymously 

with the tenns inactive ingredients, excipients, and pharmaceutic 

ingredients. 

Change to read: 

INGREDIENT SELECTION -AND 
CALCULATIONS 

• • usP27 

SOURCES 

Official compounded preparations are prepared from ingredients 

that meet requirements of the compendia! monograph for those in

dividual ingredients for which monographs are provided. 

A USP or an NF grade substance is the preferred source of in

gredients for compounding all other preparations. If that is not 

available, or when food, cosmetics, or other substances are or must 

be used, then the use of another high-quality source, such as ana

lytical reagent (AR), certified American Chemical Society (ACS), 

or Food Chemicals Codex (FCC) grade, is an option for profes

sional judgment. For any substance used in compounding not pur

chased from a registered drug manufacturer, the flHIUfflaeist 

•compounder . usn7 
must establish purity and safety by reasonable means, which may 

include lot analysis , manufacturer reputation, or reliability of 

source. 
A manufactured drug product may be a source of active ingre

dient. Only manufactured drugs from containers labeled with a 

batch control number and a future expiration date are acceptable 

as a potential source of active ingredients . When compounding 

with manufactured drug products, the flHaffl'!aeist 

•compounder .,usn7 
must consider all ingredients present in the drug product relative to 

the intended use of the compounded preparation. 

Cempeunding U.S. Feed and Drug Law Re 
flHiFements 

SeetieR S(BA reqttires tkat a flHaffflaeist ttse ettlk tlntg sttestanees 

.. kick are: (I) sttejeet tea USP NFffteH6gt'l:!flk, ifit enists, aHs the 
USP ekafl!Or eft Phti. mflC,' Gmtf}Btmdi,ig (~}; (2) if a fftORe 

grllflH sees ftOt Oltist, ll OOFl!flOROftt ef a SHI£ l:!flflre·,·es B)" FDA.; 
er (3) if RO fftOROgt'aflk enists er tke Sli8S!llftOO is ROI a 06Fl!flOHOftt 

ef a SHI£ aflflre·,·es B)' FDA, a sttestftRee •n·kiek aflflOars eft a list 
llflflre•,·es tkrettgk HIie fftaltiRg fer eeFl!flOliRBiRg 8)' FDA, after 

OOftS!iltatieR witk USP. Ac flH!lffflaeist fftliSt !:ISO ettllc sr1:1g 91:18 

staftOOS flrOflaree 8)' ll fftllftliffiOtlirer registeree •,vith FDA. Tke 81:illc 
df!tg Sli89!(}fl809 fftt!St ee llOOOFl!flanies 8)' a ,·alis eerti#teate ef llft.ll 
!)·sis. fer iRgresieRts ether tkllft ettllt SHI£ sttestaRees, flHaffl'laeists 
skettld ttse iRgredieRts tkat eeFl!fll) .. itk llft l:!flfllieaele USP ,1'.'F 

fftORegraflk aRd tke USP ekaflter Oft A~fi. mficy Cm,tfJBM.1di,1r; 

(~ }- USP kas flt!Bliskes fftOftOgt'aflHS OH iRdi,·id1:1al ettllt dHlg 
st:testaRees aRs iRgredients in assitieR te these OR eOfftflOtlRS fer 
ffltt!atieRs . 

• . usPn 
A flHaffflaeist 

•compounder . usn7 
may not compound a drug ~ 

•preparation.usp27 
that appears on a list ef df!tg f!red1:1ets witkdrawR er reffle,·ed frefft 
the FF1arleet eeea1:1se the)' are fe1:1Rd to ee ttRsafe er Rot effeeti, e. ER 

additieR, a flHaffflaeist FF1a) Rot OOFFlflOttHd a f!redttet n<kiek l:!flflOars 
oft aR FDA. list ef SHI£ flresttets se, eleflOS tkrettgk HIie fftaieing 
wkiek flreseRt deffteRstraele diffiettlties iR eeFFlflOliRdiRg tkat ad 
,·ersel) affect tke safe!) er effeeti, eRess ef tke Sflig. 

•the FDA list of drug products withdrawn or removed from 

the market for safety reasons .• usn7 

Compounding Nondrug Requirements 

If the~ 

•preparation.usn7 
is intended for use as a dietary 

•or nutritional.usn7 
supplement (to supplement the diet) or cosmetic (e.g., to beautify), 

then the flHl:!ffftaeist 

•compounder . usn7 
must adhere to tkis ekaflter eR gees eeFl!fl01:1RdiRg flraetiees , 81:1t 

the flHaffflaeist 

00fflf'Otffl.00f 
is Rot restHetes to eeFl!flOl:IRdiRg lifflitatieRs deseri8ed iR seetieR 
S03f, of tke 1-D&C A.et. 

•cood Compounding Practices (1075) and to this chapter, 

and must comply with any federal and state require

ments .• usn7 
Pkaffflaeists .. HO OOFFlflOl:IHd siet!H) SliflfllOfflOH!s ffiliSt OOEBfll)' 

witk the feseral laeeliRg reqttirefftOfttS, SOFHe of .. a-iek f:!FO 08Fl!fllOlE, 
f:!flS aR)' sta~e reqttireffteftts. 

• • usn7 
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Cale11latie1ts 
The Jlhaffl'laeist rR1:tst Ile aele to ealeulate Hle altlBt!Rt Bf eoReeR tratioR ofdRlg s1:testf!Rees iR eaoh 1:tRit Bf dosage JlBftioR ofa eoffi JlBt!Rded JlfBJlaf11tioR 11! Hle tiffle it is disJleRsed. Ph11ffflaoists m1:tst Jleffent1 e11le1:tlati0Rs 11Rd ffie1ts1:treFReRts to oet1tiR, theoretie11II; , I 00% of tke flll½Bt!Rt of e11eh iRgredieRt iR eoffiJlBt!Rded feffl'!1:tla tie Rs. C11le1:tlati0Rs ffit!St 11eeo1:tRt fer the 11eti, e iflgfedieRt, er 11eti\·e ffioieFy, !!Rd "ater eoRtBRt of drug s1:testaRees, whieh iRel1:tdes th11t iR the ekeffiie11I feffl'l1:tl11s of h; dr11tes. Offiei11I drug s1:testenees 11Rd 11dded s1:test11Rees ffit!St fflBet the reei1:tireFReets uRdef L655 611 D1,• ~ (m), .. hieh ffi1:tst Ile iR0l1:tded iR the e11le1:tl11ti0Rs of 1tfRB1:tRts 1md eoReeRtratioRs of iRgredieRts. The Jlhant111eist sho1:tld eoHsider the otieot of flll½bieHt hl:tftlidity BR Hle gaie or loss of .,•ator troltl dr1:tgs eRd 11dded s1:tbstaHees iH BBHtlliHers s1:tej eeted to iRtefffliHeRt BJlORiRg o~·ef JlroleRged ster11ge. B11oh eoHt1tiRer she1:tld Ile BJleRed fer the shortest d1:tr11tioR Reeessal)' 11Rd theR closed tight!; ilflFRedi atel;1 aRer 1:1se. 

The Ret1:tre of the dRlg s1:test11Hee th11t is to Ile ..-eighed !!Rd 1:tsed iR eOltlflBt:IRdiRg II JlfOSeriJltieR ltlt!St ee ltRB\t'R Olf!ietly. If the St!8 staRee is II h;·dr11te, its 11Rh;·dro1:1s eei1:ti\1aleRt weight FRa;' Reed to Ile eale1:1lated. OR the other haRd, if there is adsoreed ffloistttre JlFBSeHt th11t is either SJleeified OR a eertifie11te ef 1tH11I; sis or th11t is deter 1t1iRed iR the Jlflllffl'!ae;' immedietel;· befere the dRlg s1:test11Ree is t1sed e;' the Jlreeed1:1re 1:tRder L655 611 D1,i11g (+;+), this iRfaRtla tioe ffi1:tst Ile t1sed .. heR 011le1:tl11tiftg the llffiBtfflt of dRlg suest11Ree that is to ee .. eighed iR order to deteffflifle the en11et !iffiBt1Ht of 11Rk;·dret1s dRlg s1:1estenee reeit1ired. 
There are eases iR ·uhieh the reei1:1ired aFR01:1Rt of II dose is SJlB eified iR teffl'!s of II e11tiefl [e.g., Li( I ), Retilffiieifl (R I )], IIR l!RioR [e.g., F( )], or a fflBiee1:1le (e.g., theeJlh;·lliRe iR 111t1iRBJlh)'lliRe). lR these iRstaRees, the drug st1estaRee v,·eighed is II salt or BBfflJllen, a JlOrtieR ef ·n·hieh r0JlreseRts the Jlhe.nt1eeelegieell;· eeti ,·e 1t1oiet:,. Tl~t1s, the e,rnet e1t1ot1Rt ef st1eh s1:testeRees weighed 1t1t1st be eele1:t lated BR tke eesis of the reeit1ired Ejt!!iHtit; of tke JlAant1aeolegiea! ffietOt;', 
The fella ll'iRg feffl'l1:1la ffll!) ee 1:1sed to e11let1l11te the e,rnet thee retie11I weight of IIR iRgredieR! iR a eeffiJlBt!Rded JlreJllif1ttioR: 

W abl-fi.e, 
iR whieh W is the 11et1:t11I II eighed 1tfRB1:tHt; a is the Jlreserieed or Jlhaffl'!aeist deteRtliRed weight of the aeti\·e or Fc1RetieR11I ffloiet;· of drug or added st:test11Ree; h is the eheffiiee! feffl'lt1l11 weight of the iRgredieRt, iRolt1diRg waters of h;•dr11tioR fer h;•drous iRgre dieflts;a' is the treetioR of di) ..'eight II heR the JlereeRt e;' weight of adsorbed ffloistttre eoRteRt is ltRoY,'R tro1t1 the loss BR df)'iRg Jlroeed1:tfO (see L655 611 D,,i11g (W )); 1tRd e is the feffl'lul11 weight ohhe 11eti, e Of FtlRetioRel 1t1oieFy' of II drug or 11dded s1:test11Ree thet is JlrB\·ided iR the ff!Rt11:1l11 weight of the weighed iRgredieRt EM,1tpk .': Tritttrate MoFJlhiRe S1:1lfllte USP end L11otose ~IF to eb tftiR IO g ift • .. hieh there are 30 fflg of MoFJlhiRe S1:tlfllte USP fer eaeh 200 ffig of the fflBfJlhiRe l11etose ffliittttre. [l>IOTE CliRieal dosages of fflBFJlhiRo fflBIIB ~4oFJlhiRo S1:tlfllte USP, whieh is the fl eRt11h;·dr11te.] 

Beit1atioR Faetor 

.w 
tf 

b 
a' 
e 

~11:tffierieal Valt1e 
11 eight, iR g, ef MoFJlhiRe S1:tlfttte USP 
1.5 g offflBFJlhiRe s1:tlfllte JleRt11h;·dr11te iR the JlFeseriJltioR 
759 g/ffiole 
~ 
759 glrRole 

W (1.5 g (759 g/ffiole)),'(1.0 (759 g,'ffie!e)) 1.5 g. 

Exa,11tple :J: Aee1:tr11tel;· weigh IIR lil'f!e1,mt of fd'fliRBJlh;·lliRe USP to oetaiR 250 ffig of lillft;'dro1:ts tbeoJlb; niRo. [l>IOTE Tho JlB II dered 1tffliROJlh;lliRe dihydf1tte weighed eoRt1tiRs 0.4% .. /11 11dsoreed ffioistttre 11s stated iR the Certifio11te of ,'\Hal; sis.] 

Eei1:t11tioR F11etof ~l1:1FRerie11I \'11l1:1e 
.W weight, iR fflg , ofAffiiROJlh;•lliRe USP (dih;· 

eFllte) 
tt 250 ffig ef HleoJlh)'lliRe 
b 4 5 6 g~fflele 
ti ~ 
e 3 60 g,'illole 

W (250 fflg (4 56 g,'ffiole)),'(0.996 (360 ~ltlole)) 318 fflg. 

&ia11tpk 3: Aeet:tratel; .. eigh !iR 1tfflB1:tRt of Lithi1:tffl Citr11te USP (eoRtlliRiRg 2_5q,;, ltloistttre as stftted iR the Certifieate ef ARa!;·sis) to oet11iR 200 fflEE! of lithi1:1ffl (Li I ). [l>loTE ORe ffiBEt of Li t--i9 eei1:1i l'1tleRt to 0.00694 g of Li H 

EEj1:t1ttioR F11etor 

tf 

b 
a' 
e 

~l1:tfflerie11! ','1111:te 
\, eight, iR g, of Lithi1:tffl Citrate USP (tetr11 
~ 
200 fflBEj of Li t- or 1.39 g ef Li+ 
282 gifflole 
~ 
3 H 6.94 g,'fflole or 20.8 g,'ltlole 

W (1.39 g (282 g/ltlole)),'(0.975 (20.8 g,'illole)) 19.3 g. 

E,v:a,·1tpfo 4: Aeet1r11tol;· weigh IIR 1tltlBt1Rt of ~latilfflieiR St1lfate USP, OEjt!i\·aleRt to 2.5 g ef RetilfflieiR. [l>IOTE UsiRg the JlF0ee d1:1re 1:tRder L655 611 D1,ing (m ), the Neti!ff!ieiR S1:tlf11te USP th11t w119 Neighed lost 12q,;, of its weight.] 

Eeiu11tioR Faetor ~lufflerieel \'1111:10 
.W weight, iR g, oHletilltlieiR St1lfllte USP 
tf ;i.,.s.-g 
b I 4 4 2 g,'illole 
a' ~ 
e 951 g/fflolo 

W (2.5 g (1442 ~fflole)),'(0.88 (951 g,'ltlole)) 4.31 g. 

Change to read: 

CHECKLIST FOR ACCEPTABLE STRENGTH, 
QUALITY, AND PURITY 

The following questions are to be considered carefully before compounding. 
I . Have the physical and chemical properties and medicinal, dietary, and pharmaceutical uses of the drug substances been reviewed? 
2. Is the quantity and quality of each active ingredient identifiable? 
3. Will the active ingredients be effectively absorbed, locally or systemically according to the prescribed purpose, from the preparation and route of administration? 
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4. Are there added substances 

phfflfleeetttieel eiteipieats 

""(see Definitions), ... usm 
confirmed or potentially present from manufactured products 

that may be expected to cause an allergic reaction, irritation, 

toxicity, or undesirable organoleptic response from the pa

tient? Are there added substances 

phefffleeetttieel eiteipieats 

""(see Definitions), ... usm 
confirmed or potentially present that may be unfavorable (e.g., 

unsuitable pH or inadequate solubility)? 

5. Were all calculations and measurements confirmed to ensure 

that the preparation will be compounded accurately 

""(see Pharmaceutical Calculations in Prescription Com-

pounding (1160)). _.. usm 

Change to read: 

COMPOUNDED PREPARATIONS 

The term compounded preparations includes the terms com

pounded dosage forms , compounded drugs, and compounded for

mulations, and means finished forms that are prepared by or under 

the direct supervision of a licensed flREIFHu1eist. 

""compounder. usn7 

When contro\Jed substances are used, check with state and 

federal authorities concerning their policies. 

""Unless otherwise indicated or appropriate, compounded 

preparations are to be prepared to ensure that each prepara

tion shall contain not less than 90.0 percent and not more 

than 110.0 percent of the theoretically calculated and la

beled quantity of active ingredient per unit weight or vol

ume and not less than 90.0 percent and not more than 

110.0 percent of the theoretically calculated weight or vol

ume per unit of the preparation. _.. usp27 

Compounded preparations include, but are not restricted to, the fol

lowing pharmaceutical dosage forms described under Pharmaceu

tical Dosage Forms (1151 ). 

Capsules, Powders, Lozenges, and Tablets 

When compounding these dosage forms , the flRElfffi!leist 

•compounder _.. usp27 

is to prepare an amount of the total formulation sufficient to allow 

the prescribed amount or quantity to be accurately dispensed. Se

lected practices and precautions for compounding these dosage 

forms include the following: 
reducing solid ingredients to the smallest reasonable particle 

size; 
implementing appropriate checks to ensure that all ingredients 

are blended to achieve a homogeneous mixture; 

monitoring humidity if moisture might cause hydrolysis, do

sage form adhesion to containers, or softening or partial dis

solution of capsule shells; 
accurately performing weighings to ensure that each unit shall 

be not less than 90% and not more than 110% of the theore

tically calculated weight for each unit [Norn- Preparations 

classified as dietary supplements are required by the U.S. 

Food and Drug regulations to be not less than I 00% of the 

declared potency.]; and 
packaging dosage units according to container specifications 

for capsules and tablets of the specific active ingredient unless 

specified otherwise in individual monographs (see Containers 

(661 )). 

Emulsions, Solutions, and Suspensions 

When compounding these dosage forms, the ::,keffl!eeist 

""compounder ... usn7 

is to prepare a 2% to 3% excess amount of the total formulation to 

allow the prescribed amount to be accurately dispensed. Selected 

practices and precautions for compounding these dosage forms in

clude the following . 
• For single-unit containers, the weight of each filled container, 

corrected for tare weight, shall be the equivalent of not less 

than I 00% and not more than II 0% of the labeled volume. 

Aqueous suspensions are prepared by levigating the powder 

mixture to a smooth paste with an appropriate wetting agent. 

This paste is converted to a free-flowing fluid by adding ade

quate vehicle. Successive portions of the vehicle are used to 

wash the mortar, or other vessel, to transfer the suspension 

quantitatively to a calibrated dispensing bottle or graduate. 

The preparation may be homogenized to ensure a uniform fi

nal dispersion. 
Reducing solid ingredients to the smallest reasonable particle 

size. 
Solutions shall contain no visible undissolved matter when 

dispensed. [Norn- An exception may occur with supersatu

rated solutions such as Potassium Iodide Oral Solution .] 

Emulsions and suspensions are labeled, "Shake well before 

using." 

Suppositories 

When compounding suppositories, the flRElffl!Eleist 

""compounder ... usn7 

is to prepare an excess amount of total formulation to allow the 

prescribed quantity to be accurately dispensed. Selected practices 

and precautions for compounding these dosage forms include the 

following: 
• not using ingredients that are caustic or irritating, and thor

oughly comminute solids that are abrasive to the mucous 

membranes; 
selecting a base that allows active ingredients to provide the 

intended local or systemic therapeutic effect; 

reducing solid ingredients to the smallest reasonable particle 

size; and 
weighing a representative number of suppositories to ensure 

that each is not less than 90% and not more than 110% of the 

average weight of all suppositories in the batch. 
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Creams, Topical Gels, Ointments, and Pastes 

When compounding semisolid dosage forms, the 13ka-aeist 

" compounder ,. usP2J 

is to prepare an excess amount of total formulation to allow the 

prescribed quantity to be accurately dispensed . Selected practices 

and precautions for compounding these dosage forms include the 

following: 
• not using ingredients that are caustic, irritating, or allergenic 

to the skin or other application sites unless they are necessary 

for a treatment; 
selecting a base or vehicle that allows active ingredients to 

provide the intended local or systemic therapeutic effect; 

reducing solid ingredients to the smallest reasonable particle 

size; 
geometrically incorporating the active ingredients with the 

added substances to achieve a uniform liquid or solid disper

sion in the dosage form; and 

observing the uniformity of the dispersion by spreading a thin 

film of finished formulation on a flat transparent surface (e.g., 

clear glass ointment slab). 

Change to read: 

COMPOUNDING PROCESS 

The f!Rliffllaeists 

"'compounders ,.usP21 

are to consider using the following steps to minimize error and 

maximize the prescriber's intent. 

I. Judge the suitability of the prescription to be compounded in 

terms of its safety and intended use. Determine what legal 

limitations, if any, are applicable. 

2. Perform necessary calculations to establish the amounts of in-

gredients needed (see 

"Pharmaceutical Calculations in Prescription Compound-

ing (1160)) . .., usm 
3. Identify equipment needed. 

4. Don the proper attire and wash hands. 

5. Clean the compounding area and needed equipment. 

6. Only one prescription should be compounded at one time in a 

specified compounding area. 

7. Assemble all necessary materials to compound the prescrip

tion. 
8. Compound the preparation following the formulation record 

or prescription (see Compounding Records and Documents 

below), according to the art and science of pharmacy. 

9. Assess weight variation, adequacy of mixing, clarity, odor, 

color, consistency, and pH as appropriate. 

I 0. Annotate the compounding log and describe the appearance 

of the fonnulation. 

11 . Label the prescription containers to include the following 

items: a) the name of the preparation; b) the internal identifi

cation number; c) the beyond-use date (see Beyond-Use La

beling); d) the initials of the 13ka-aeist 

"compounder .. usP27 
who prepared the label; e) any storage requirements; and f) 

any other statements required by law. 

12. Sign and date the prescription affirming that all procedures 

were carried out to ensure uniformity, identity, strength, quan

tity, and purity. 

13 . Thoroughly and promptly clean all equipment and store prop

erly. 

Change to read: 

COMPOUNDING RECORDS AND 

DOCUMENTS 

All 13ka-aeists 

"compounders ,.usp27 
who dispense prescriptions must comply with the record keeping 

requirements of their individual states. If the 13ka-aeist 

"compounder ,.usP21 

compounds a preparation according to the manufacturers labeling 

instructions, then further documentation is not required. All other 

compounded preparations require further documentation. Such 

compounding documents are to list the ingredients and the quantity 

of each in the order of the compounding process. 

The objective of the documentation is to allow another ~ 

~ 

"compounder .. usp27 
to reproduce the identical prescription at a future date. The formu

lation record provides a consistent source document for preparing 

the preparation (recipe), and the compounding record documents 

the actual ingredients in the preparation and the person responsible 

for the compounding activity. These records are to be retained for 

the same period of time that is required for any prescription under 

state law. The record may be a copy of the prescription in written or 

machine readable form that includes a formulation record, a com

pounding record, and a Material Safety Data Sheets (MSDS) file. 

Formulation Record 

The formulation record is a file of individually compounded pre

parations. This record must list the name, strength, and dosage 

form of the preparation compounded, all ingredients and their 

quantities, equipment needed to prepare the preparation, when ap

propriate, and mixing instructions. Mixing instructions should in

clude the order of mixing, mixing temperatures or other 

environmental controls, such as the duration of mixing, and other 

factors pertinent to the replication of the preparation as com

pounded. The formulation record must include an assigned be

yond-use date, the container used in dispensing, the storage 

requirements, and any quality control procedures. 

Compounding Record 

The compounding record contains documentation of the name 

and strength of the compounded preparation, the formulation re

cord reference for the preparation, and the sources and lot numbers 

of ingredients. The compounding record also includes information 

on the total number of dosage units compounded, the name of the 

person who prepared the preparation and the name of the ~ 

~ 

"compounder ,.usP27 
who approved the preparation, the date of preparation, the assigned 

internal identification number or the prescription number and an 

assigned beyond-use date, and the prescription number. For all 

compounded preparations, results of quality control procedures 

are to be recorded (e.g., weight range of filled capsules). 
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""When compounding problems occur with preparations 

prepared according to USP compounding monographs, the 

compounder must complete a USP Monograph Experience 

Reporting Fann and submit the fonn to USP for evalua

tion . .., usP27 

MSDS File 

Hie M808 file eeei!lins !he M111efi11I 811fet) 011111 8heeffi far IIH)' 
E!A:tg sl!bstllnee er b!!lk ehemie11I leeCltee BR !he ph11Flfll!B)' premises 
RBt in II selie Eles11ge foffll.. The M808 shB!!IEl ee reql!estee H'Bffi 
the Sl!pplier of e11eh Sl!est11Ree 11nel ltept en tile ifl the phllfffl11ey. 
HmplB) ees shBl!le ee inS!ft!etee 119 ta the lee11tiBR Bf the Rio IIR8 
iffi eBRtBRt. 

""MSDS are to be readily accessible to all employees work-

ing with drug substances or bulk chemicals located on the 

compounding facility premises. Employees are to be in

structed on how to retrieve and interpret needed infonna

tion . ..,usP21 

Change to read: 

QUALITY CONTROL 

The safety, quality, and performance of compounded prepara
tions depend on correct ingredients and calculations , accurate 
and precise measurements, appropriate formulation conditions 
and procedures, and prudent pharmaceutical judgment. As a final 
check, the ph11ffll11eis! 

""compounder ,i.usn7 
is to review each procedure in the compounding process. To ensure 
accuracy and completeness, the phllffll11eist 

""compounder ..,usp27 
is to observe the finished preparation to ensure that it appears as 
expected and is to investigate any discrepancies and take appropri
ate corrective action before the prescription is dispensed to the pa
tient (see the Checklist for Acceptable Strength, Quality, and 
Purity, the appropriate pharmaceutical dosage form under Com
pounded Preparations , and the steps under Compounding Pro
cess). 

Add the following: 

""\IALIDATIO~I 

VERIFICATION 

Compounding procedures that are routinely perfonned, 

including batch compounding, shall be completed and ¥&tt

tlatee verified according to written procedures. The act of 

;•aliaation verification of a compounding procedure in-

valves checking to ensure that calculations, weighing and 

measuring, order of mixing, and compounding techniques 

were appropriate and accurately perfonned . ..,usp27 

PATIENT COUNSELING 

The patient or the patient 's agent should be counseled about 
proper use, storage, and evidence of instability in the compounded 
preparation at the time of dispensing (see Responsibility of the 
Pharmacist under Stability Considerations in Dispensing Practice 
I I 91). 

GENERAL CHAPTERS 

General Information 

BRIEFING 

(1010) Analytical Data-Interpretation and Treatment. In 
an effort to present the content of this chapter for public comment 
in a simplified and "reader-friendly" fashion, this proposed new 
general information chapter is presented anew and includes major 
changes based on a review by the Expert Committee on Biostatis
tics of public comment; therefore, the previous proposals on pages 
3086-3100 of PF 27(5) [Sept.- Oct. 2001] are hereby cancelled. 
The purpose of the proposed general information chapter is to give 
guidance to acceptable practices for the analysis and consistent in
terpretation of data obta.ined from chemical analysis. 

(BST: W. Brown) 
I ; 37261-1 

Add the following: 

RTS- 36563-1 ; 36699-1 ; 36720-1; 36753-

•(1010) ANALYTICAL DATA
INTERPRETATION AND 
TREATMENT 

INTRODUCTION 

This chapter provides guidance to acceptable practices for 

the analysis and consistent interpretation of data obtained 

from chemical and other analyses . Basic statistical ap

proaches for evaluating data are described, and the treatment 
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of outliers and comparison of analytical methods are dis

cussed in some detail. It should not be inferred, however, 

that the analysis tools mentioned in this chapter form an ex

haustive list. Other, equally valid, statistical methods may 

be used at the discretion of the manufacturer. 

Assurance of the quality of pharmaceuticals is accom

plished by combining a number of practices, including ro

bust formulation design , validation, testing of starting 

materials, in-process testing, and final-product testing. Each 

of these practices is dependent on reliable test methods. In 

the development process, test procedures are developed and 

validated to ensure that the manufactured products are thor

oughly characterized. Final-product testing provides further 

assurance that the products are consistently safe, efficacious, 

and in compliance with their specifications. 

Measurements are inherently variable. The variability of 

biological tests has long been recognized by the USP. For 

example, the need to consider this variability when analyz

ing biological test data is addressed under Design and Ana

lysis of Biological Assays (111) . The chemical analysis 

measurements commonly used to analyze pharmaceuticals 

are also inherently variable, although less so than those of 

the biological tests . However, in many instances the accep

tance criteria are proportionally tighter, and thus, this smal

ler allowable variability has to be considered when 

analyzing data generated using analytical procedures. If 
the variability ofa measurement is not characterized and sta

ted along with the result of the measurement, then the data 

can only be interpreted in the most limited sense. For exam

ple, stating that the difference between the averages from 

two laboratories when testing a common set of samples is 

10% has limited interpretation, in terms of how important 

such a difference is, without knowledge of the intralabora

tory variability. 

This chapter provides guidance for scientifically accepta

ble treatment and interpretation of data. Statistical tools that 

may be helpful in the interpretation of analytical data are de

scribed. Many descriptive statistics, such as the mean and 

standard deviation, are in common use. Other statistical 

tools, such as outlier tests, can be performed using several 

different, scientifically valid approaches, and examples of 

these tools and their applications are also included. The 

framework within which the results from a compendia! test 

are interpreted is clearly outlined in the Test Results, Statis

tics , and Standards under General Notices and Require

ments. Selected references that might be helpful in 

obtaining additional information on the statistical tools dis

cussed in this chapter are listed in Appendix G at the end of 

the chapter. USP does not endorse these citations, and they 

do not represent an exhaustive list. Further information 

about many of the methods cited in this chapter may also 

be found in most statistical textbooks. 

PREREQUISITE LABORATORY PRACTICES AND 

PRINCIPLES 

The sound application of statistical principles to labora

tory data requires the assumption that such data have been 

collected in a traceable (i.e., documented) and unbiased 

manner. To ensure this, the following practices are benefi

cial. 

Sound Record Keeping 

Laboratory records are maintained with sufficient detail, 

so that other equally qualified analysts can reconstruct the 

experimental conditions and review the results obtained. 

When collecting data, the data should generally be obtained 

with more decimal places than the specification requires and 

rounded only after final calculations are completed. 
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Sampling Considerations 

Effective sampling is an important step in the assessment 

of a quality attribute of an article. The purpose of sampling 

is to provide representative data (the sample) for estimating 

the properties of the population (the article) . How to attain 

such a sample depends entirely on the question that is to be 

answered by the sample data. In general, use of a random 

process is considered the most appropriate way of selecting 

a sample. Indeed, a random and independent sample is 

necessary to ensure that the resulting data produce valid es

timates of the properties of the population. Generating a 

nonrandom or "convenience" sample risks the possibility 

that the estimates will be biased. The most straightforward 

type ofrandom sampling is called simple random sampling, 

a process in which every unit of the population has an equal 

chance ofappearing in the sample. However, sometimes this 

method of selecting a random sample is not optimal because 

it cannot guarantee equal representation among factors (i.e., 

time, location, machine) that may influence the critical prop

erties of the article. For example, if it requires 12 hours to 

manufacture all of the units in a lot and it is vital that the 

sample be representative of the entire production process, 

then taking a simple random sample after the production 

has completed may not be appropriate because there can 

be no guarantee that such a sample will contain a similar 

number of units made from every time period within the 

12-hour process. Instead, it is better to take a systematic ran

dom sample whereby a unit is randomly selected from the 

production process at systematically selected times or loca

tions (e.g., sampling every 30 minutes from the units pro

duced at that time) to ensure that units taken throughout 

the entire manufacturing process are included in the sample. 

Another type of random sampling procedure is needed if, 

for example, a product is filled into vials using four different 

filling machines. In this case it would be important to cap-

ture a random sample of vials from each of the filling ma

chines. A stratified random sample, which randomly 

samples an equal number of vials from each of the four fill

ing machines, would satisfy this requirement. Regardless of 

the reason for taking a sample (e.g., batch-release testing), a 

sampling protocol should be established to provide details 

on how the sample is to be obtained to ensure that the sam

ple is representative of the entirety of the article and that the 

resulting data have the required sensitivity. The sample 

should be chosen so as to be representative. The optimal 

sampling strategy will depend on knowledge of the manu

facturing and analytical measurement processes. Once the 

sampling scheme has been defined, it is likely that the sam

pling will include some element of random selection. Final

ly, there must be sufficient sample collected for the original 

analysis, subsequent verification analyses, and other ana

lyses. 

Use of Reference Standards 

Where the use of the USP Reference Standard is speci

fied, the USP Reference Standard, or a secondary standard 

traceable to the USP Reference Standard, is used. Because 

the assignment of potency to a standard is one of the most 

important factors that influences the accuracy of an assay, it 

is critical that this be done correctly. The procedures out

lined below may be useful in this regard. 

System Performance Verification 

The performance of an analytical system should be eval

uated at specified time intervals to ensure that the appropri

ate level of performance has been maintained. In addition, 

an ongoing routine assessment may be performed at appro

priate intervals by analyzing a control sample, whose analy

tical properties have been carefully determined, or using 

other means, such as, variation among the standards, back-
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ground signal-to-noise ratios, etc. If a change in the operat

ing properties of the analytical procedure is observed, prop

er performance needs to be re-established, and all results 

obtained between the last acceptable performance verifica

tion need to be re-evaluated. 

Method Validation 

All procedures are appropriately validated as specified 

under Validation of Compendia! Methods (1225 ). The 

USP- NF methods are assumed to be valid and to comply 

with the CFR. An already validated method should be ap

plied to a new sample formulation only after confirming that 

the new matrix does not interfere with the accuracy, linear

ity, or precision of the method. 

MEASUREMENT PRINCIPLES AND VARIATION 

Al 1 measurements are, at best, estimates of the actual 

(" true" or "accepted") value for they contain random varia

bility (also referred to as random error) and may also contain 

systematic variation (bias). Thus, the measured value differs 

from the actual value because of variability inherent in the 

measurement. If an array of measurements consists of indi

vidual results that are representative of the whole, statistical 

methods can be used to estimate informative properties of 

the entirety, and statistical tests are available to investigate 

whether it is likely that these properties comply with given 

requirements. The resulting statistical analyses should ad

dress the variability associated with the measurement 

process as well as that of the entity being measured. Statis

tical measures used to assess the direction and magnitude of 

these errors include the mean, standard deviation, and ex

pressions derived therefrom, such as the coefficient of var-

iation (CV, also called the relative standard deviation, RSD). 

The estimated variability can be used to calculate confi

dence intervals for the mean, or measures of variability, 

and tolerance intervals capturing a specified proportion of 

the individual measurements. 

The use of statistical measures must be tempered with 

good judgment, especially with regard to representative 

sampling. Most of the statistical measures and tests cited 

in this chapter rely on the assumptions that the distribution 

of the entire population is represented by a normal distribu

tion and that the analyzed sample is a representative subset 

of this population. The normal (or Gaussian) distribution is 

bell-shaped and symmetric about its center and has certain 

other characteristics that are required for these tests to be 

valid. If the assumption of a normal distribution for the pop

ulation is not warranted, then normality can often be 

achieved (at least approximately) through an appropriate 

transformation of the measurement values. For example, 

many variables have distributions with longer right tails 

than left. Such distributions can often be made approxi

mately normal through a log transformation. An alternative 

approach would be to use "distribution-free" or "nonpara

metric" statistical procedures that do not require that the 

shape of the population be that of a normal distribution. 

When the objective is to construct a confidence interval 

for the mean or for the difference between two means, for 

example, then the normality assumption is not as important 

because of the central limit theorem. However, one must 

verify normality of data to construct valid confidence inter

vals for standard deviations and ratios of standard devia

tions , perform some outlier tests, and construct valid 

statistical tolerance limits. In the latter case, normality is a 
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critical assumption. Simple graphical methods, such as, dot 

plots, histograms, and normal probability plots, are useful 

aids for investigating this assumption. 

A single analytical measurement may be useful in quality 

assessment if the sample is from a whole that has been pre

pared using a well-validated, documented process and if the 

analytical errors are well known. The obtained analytical re

sult may be qualified by including an estimate of the asso

ciated errors. There may be instances when one might 

consider the use of averaging because the variability asso

ciated with an average value is always reduced as compared 

to the variability in the individual measurements . The 

choice of whether to use individual measurements or 

averages will depend upon the use of the measurement 

and its variability. For example, when multiple measure

ments are obtained on the same sample aliquot, such as from 

multiple injections of the sample in a HPLC method, it is 

generally advisable to average the resulting data for the rea

son discussed above. However, if the data are obtained from 

independent samples taken from the lot, then averaging 

would only be advisable if lot uniformity had already been 

confirmed. 

Variability is associated with the dispersion of observa

tions around the center of a distribution. The most com

monly used statistic to measure the center is the sample 

mean (x): 

n 

Z:xi X +X2 + ... +Xn 
_ i=I =__..:._1--~ 
X = -- n 

n 

Method variability can be estimated in various ways. The 

most common and useful assessment of a method's variabil

ity is the determination of the standard deviation based on 

repeated independent1
, uncorrelated measurements ofa con

trol sample. The standard deviation, s, is caiculated by the 

formula: 

n 

s =. I ~)xi - ~)2 /(n-1), 
i= I 

in which x, is the individual measurement in a set of n mea

surements; and x is the mean of all the measurements. The 

relative standard deviation (RSD) is then calculated as: 

RSD= S 100% 
X 

and expressed as a percentage. For biological assays, the 

data often need to be log transformed to achieve normality. 

An alternative form for the RSD that is appropriate when the 

data have been log (base e) transformed is: 

RSD = 100% · (es -1), 

Multiple measurements (or, equivalently, the experimental 
errors associated with the multiple measurements) are inde
pendent from one another when they can be assumed to rep
resent a random sample from the population. In such a 
sample, the magnitude of one measurement is not influenced 
by, nor does it influence the magnitude of, any other mea
surement. Lack of independence implies the measurements 
are correlated over time or space. Consider the example of a 
96-well microtiter plate. Suppose that whenever the un
known causes that produce experimental error lead to a 
low result (negative error) when a sample is placed in the 
first column and these same causes would also lead to a 
low result for a sample placed in the second column, then 
the two resulting measurements would not be statistically 
independent. One way to avoid such possibilities would 
be randomize the placement of the samples on the plate. 
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where in this case s would be the standard deviation of the 

log (base e) transformed data.2 

A control sample is defined as a homogeneous and stable 

sample that is tested at specific intervals sufficient to moni

tor the performance of the method for which it was estab

lished. Test data from a control sample can be used to 

monitor the method variability or be used as part of the cri

teria for reporting test data. The control sample should be 

essentially the same as the test sample and should be treated 

similarly whenever possible. A control chart can be con

structed and used to monitor the method performance on a 

continuing basis as shown under Appendix A. 

A precision study should be conducted to provide a better 

estimate of method variability. The precision study may be 

designed to determine intermediate precision (total variabil

ity= "between-run"+ "within-run" variability) and repeat

ability ("within-run" variability). The intermediate 

precision studies should allow for changes in the experimen

tal conditions that might be expected, such as different ana

lysts, different preparations of reagents, different days, and 

different instruments. To perform a precision study, the test 

is repeated several times. Each run must be completely in

dependent of the others to provide accurate estimates of the 

various components of variability. In addition, within each 

run, replicates are made in order to estimate repeatability. 

See an example of a precision study under Appendix B. 

A confidence interval for the mean may be considered in 

the interpretation of data. Such intervals are calculated from 

2 An al!emative formula for calculating RSD for biological 
assays 1s 

RSD = I 00% · ~ 

several data points using the sample mean (x) and sample 

standard deviation (s) according to the formula: 

(
- s - s J 
X-fa / 2,n-l ✓n,X+fa/ 2 ,n-l ✓n 

in which t o12.n- i is a statistical number dependent upon the 

sample size (n), the number of degrees of freedom (n - 1) 

and the desired confidence level (1 -ex). Its values are ob

tained from published tables of the Student t-distribution. 

The confidence interval provides an estimate of the range 

within which the "true" population mean(µ) falls, and it also 

evaluates the reliability of the sample mean as an estimate of 

the true mean. If the same experimental set-up were to be 

replicated over and over and a 95% (for example) confi

dence interval for the true mean is calculated each time, then 

95% of such intervals would be expected to contain the true 

mean, µ. One cannot say with certainty whether or not the 

confidence interval derived from a specific set of data actu

ally collected contains µ. However, it can be said that, as

suming the data are normally distributed and the standard 

deviation was correctly estimated, the procedure used to 

construct the confidence interval guarantees that 95% of 

such confidence intervals contain µ. 

OUTLYING RESULTS 

Occasionally, observed analytical results are very differ

ent from those expected. Aberrant, anomalous, contami

nated, discordant, spurious, suspicious, or wild 

observations; flyers; rogues; and mavericks are properly 

called outlying results. Like all laboratory results, these out

liers must be documented, interpreted, and managed. Such 

results may be accurate measurements of the entity being 

measured, but are very different from what is expected. Al

ternatively, due to an error in the analytical system, the re-
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suits may not be typical, even though the entity being mea

sured is typical. When an outlying result is obtained, sys

tematic laboratory and process investigations of the result 

are conducted to determine if an assignable cause for the re

sult can be established. Factors to be considered when in

vestigating an outlying result include-but are not limited 

to-human error, instrumentation error, calculation error, 

and product or component deficiency. If an assignable cause 

that is not related to a product or component deficiency can 

be identified, then retesting may be performed on the same 

sample, if possible, or on a new sample. Resampling should 

be a rare event. The precision and accuracy of the method, 

the Reference Standard, process trends, and the specifica

tion limits should all be examined. Data may be invalidated, 

based on this documented investigation, and eliminated 

from subsequent calculations. 

If no documentable, assignable cause for the outlying la

boratory result is found, the result may be tested, as part of 

the overall investigation, to determine if it is an outlier. 

However, careful consideration is warranted when using 

these tests. Two types of errors may occur with outlier tests: 

(a) labeling observations as outliers when they really are 

not; and (b) failing to identify outliers when they truly exist. 

Clearly, the first type of error could have a more significant 

impact on pharmaceutical laboratory results in particular. 

This type of error is minimized when potential outliers are 

further away from the other observations. Any judgment 

about the acceptability of data in which outliers are ob

served requires careful interpretation. 

" Outlier labeling" is an informal recognition of suspi

cious laboratory values that should be further investigated 

with more formal methods . The selection of the correct out

lier identification technique often depends on the initial re

cognition of the number and location of the values . Outlier 

labeling is most often done visually with graphical tech-

niques. "Outlier identification" is the use of statistical sig

nificance tests to confirm that the values are inconsistent 

with the known or assumed statistical model. 

When used appropriately, outlier tests are valuable tools 

for pharmaceutical laboratories. Several tests exist for de

tecting outliers. Examples illustrating three of these proce

dures, the Extreme Studentized Deviate Test, Dixon's Q 

Test, and Hampel 's Rule, are presented in Appendix C. 

Choosing the appropriate outlier test will depend on the 

sample size and distributional assumptions. Many of these 

tests (e.g., the Generalized Extreme Studentized Deviate 

(ESD) Test) require the assumption that the data generated 

by the laboratory on the test samples can be thought of as a 

random sample from a population that is normally distribu

ted, possibly after transformation. If a transformation is 

made to the data, the outlier test is applied to the trans

formed data. Common transformations include taking the 

logarithm or square root of the data. Other approaches to 

handling single and multiple outliers are available and can 

also be used. These include tests that use robust measures of 

central tendency and spread, such as the median and median 

absolute deviation and exploratory data analysis (EDA) 

methods. " Outlier accommodation " is the use of robust 

techniques, such as tests based on the order or rank of each 

data value in the data set instead of the actual data value, to 

produce results that are not adversely influenced by the pre

sence of outliers . The use of such methods reduces the risks 

associated with both types of error in the identification of 

outliers . 

" Outlier rejection" is the actual removal of the identified 

outlier from the data set. However, an outlier test cannot be 

the sole means for removing an outlying result from the la

boratory data. An outlier test may be useful as part of the 

evaluation of the significance of that result, along with other 

data. Outlier tests have no applicability in cases where the 
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variability in the product is what is being assessed, such as 

content uniformity, dissolution, or release-rate determina

tions. In these applications, a value determined to be an out-

1 ier may in fact be an accurate result of a nonuniform 

product. All data, especially for outliers, should be kept 

for future review. Unusual data, when seen in the context 

of other historical data, are often not unusual after all but 

reflect the influences of additional sources of variation. 

In summary, the rejection or retention of an apparent out

lier can be a serious source of bias. The nature of the testing 

as well as a scientific understanding of the manufacturing 

process and analytical method have to be considered to de

termine the source of the apparent outlier. An outlier test can 

never take the place of a thorough laboratory investigation. 

Rather, it is performed only when the investigation is incon

clusive and no deviations in the manufacture or testing of 

the product were noted. Even if such statistical tests indicate 

a value to be an outlier, it should be retained in the record 

and given full consideration in the assessment of confor

mance to acceptance criteria. It is good practice to perform 

the calculations with and without the outlier to assess its im

pact. Outliers that are attributed to measurement process er

rors should be reported (i.e., footnoted), but not included in 

further statistical calculations. 

COMPARISON OF ANALYTICAL METHODS 

It is often necessary to compare two methods to determine 

if their average results or their variabilities differ by an 

amount that is deemed important. Some of the considera

tions to be made when performing such comparisons are 

discussed in this section. 

Precision 

Precision is the degree of agreement among individual 

test results when the analytical method is applied repeatedly 

to a homogeneous sample. For an alternative method to be 

considered to have " comparable" precision to that of a cur

rent method, its precision (see Analytical Performance 

Characteristics under Validation of Compendia/ Methods 

( 1225)) must not be worse than that of the current method 

by an amount deemed important. A decrease in precision (or 

increase in variability) can lead to an increase in the number 

of results expected to fail required specifications. On the 

other hand, an alternative method providing improved pre

cision is acceptable. 

One way of comparing the precision of two methods is by 

estimating the variance for each method (the sample var

iance, s2, is the square of the sample standard deviation) 

and calculating a confidence interval for the ratio of (true) 

variances, where the ratio is defined as the variance of the 

alternative method to that of the current method. This can be 

done in terms of standard deviations as well. An example is 

outlined under Appendix D. The upper limit of the confi

dence interval should be compared to an upper limit deemed 

acceptable, a priori, by the analytical laboratory. If the 

upper limit of the confidence interval is less than this upper 

acceptable limit, then the precision of the alternative method 

is considered acceptable in the sense that the use of the al

ternative method will not lead to an important loss in preci

sion. Note that if the upper limit of the confidence interval is 

less than one, then the alternative method has been shown to 

have improved precision relative to the current method. 

The confidence interval method just described is preferred 

to applying the two-sample F-test to test the statistical sig

nificance of the ratio of variances. To perform the two-sam

ple F-test, the calculated ratio of sample variances would be 

compared to a critical value based on tabulated values of the 

F distribution for the desired level of confidence and the 
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number of degrees of freedom for each variance. Tables pro

viding F-values are available in most standard statistical 

textbooks. If the calculated ratio exceeds this critical value, 

a statistically significant difference in precision is said to ex

ist between the two methods. However, if the calculated ra

tio is less than the critical value, this does not prove that the 

methods have the same or equivalent level of precision; but 

rather that there was not enough evidence to prove that a 

statistically significant difference did, in fact, exist. 

Accuracy 

Comparison of the accuracy (see Analytical Performance 

Characteristics under Validation of Compendia! Methods 

( 1225)) of methods provides information useful in deter

mining if the new method is equivalent, on the average, to 

the current method. A simple method for making this com

parison is by calculating a confidence interval for the differ

ence in true means, where the difference is defined as the 

sample mean of the alternative method minus that of the cur

rent method. 

The confidence interval should be compared to a lower 

and upper range deemed acceptable, a priori, by the labora

tory. If the confidence interval falls entirely within this ac

ceptable range, then the two methods can be considered 

equivalent, in the sense that the average difference between 

them is not of practical concern. The lower and upper limits 

of the confidence interval only show how large the true dif

ference between the two methods may be, not whether this 

difference is considered tolerable. Such an assessment can 

only be made within the appropriate scientific context. 

The confidence interval method just described is preferred 

to the more common practice of applying a two-sample t

test to test the statistical significance of the difference in 

averages. One way to perform the two-sample t-test, is to 

calculate the confidence interval and to examine whether 

or not it contains the value zero. The two methods have a 

statistically significant difference in averages if the confi

dence interval excludes zero. A statistically significant dif

ference may not be large enough to have practical 

importance to the laboratory because it may have arisen as 

a result of highly precise data or a larger sample size. On the 

other hand, it is possible that no statistically significant dif

ference is found, which happens when the confidence inter

val includes zero, and yet an important practical difference 

cannot be ruled out. This might occur, for example, if the 

data are highly variable or the sample size is too small. 

Thus, while the outcome of the two-sample t-test indicates 

whether or not a statistically significant difference has been 

observed, it is not informative with regard to the presence or 

absence of a difference of practical importance. 

Determination of Sample Size 

The goal of a method comparison experiment is to gener

ate adequate data to evaluate the equivalency of two meth

ods over a range of concentrations. Sample size 

determination is similar to that for testing hypotheses about 

average differences, but the meaning of some of the input is 

different. The first component to be specified is 8, the largest 

acceptable difference between the two methods that, if 

achieved, still leads to the conclusion of equivalence. That 

is, if the two methods differ by no more than 8, they are con

sidered acceptably similar. The comparison can be two

sided as just expressed, considering a difference of 8 in 

either direction , as would be used when comparing means. 

Alternatively, it can be one-sided as in the case of compar

ing variances where a decrease in variability is acceptable 

and equivalency is concluded if the variability of the more 

variable method is not more than 8% greater than that of the 

less variable method. A resear~her will need to state 8 based 

on knowledge of the current method and/or its use, or it may 
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be calculated. One consideration, when there are specifica

tions to satisfy, is that the new method should not differ by 

so much from the current method as to risk generating out

of-specification results. One then chooses 8 to have a low 

likelihood of this happening by, for example, comparing 

the distribution of data for the current method to the speci

fication limits. This could be done graphically or by using a 

tolerance interval, an example of which is given in Appendix 

E. In general, the choice for 8 must depend on the scientific 

requirements of the laboratory, not just on the desire to test 

only a small number of samples. 

The next two components relate to the likelihood of error. 

The data could lead to a conclusion of similarity when the 

methods are unacceptably different (as defined by 8). This is 

called a false positive or Type I error. The error could also be 

in the other direction; that is, the methods could be similar, 

but the data do not permit that conclusion. This is a false 

negative or Type II error. With statistical methods, it is not 

possible to completely eliminate the possibility of either er

ror. However, by choosing the sample size appropriately, the 

probability of each of these errors can be made acceptably 

small. The acceptable maximum probability of a Type I er

ror is commonly denoted as r:1. and is commonly taken as 5%, 

but may be chosen differently. The desired maximum prob

ability of a Type TI error is commonly denoted by ~- Often, ~ 

is specified by 1 -~, which is called the "power" of the test. 

In the context of equivalency testing, power is the probabil

ity of correctly concluding that two identical methods are 

equivalent. Power is commonly taken to be 80% or 90% 

(corresponding to a~ of20% or 10%), though other values 

may be chosen. The protocol for the experiment should 

specify 8, r:1., and power. The sample size will depend on 

all of these components. An example is given in Appendix 

F. Although Appendix F determines only a single value, it is 

often useful to determine a table of sample sizes correspond-

ing to different choices of 8, r:1., and power. Such a table often 

allows for a more informed choice of sample size to better 

balance the competing ofresources and risks (false negative 

and false positive conclusions). 
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APPENDIX A: CONTROL CHARTS 

0 50 

Cbiervation t,..uroer 
100 

LO.;: 104.5 

M:sl::100 

LQ.;:!15.5 

Fig. I. Individual X or individual measurements control chart for 
control s.amples. In this particular example, the mean for all the 

samples (x) is I 00, the upper control limit is I 04.5, and the lower 
control limit is 95.5. 

Figure 1 illustrates a control chart for individual values. 

There are several different methods for calculating the upper 

control limit (UCL) and lower control limit (LCL). One of 

the more commonly used methods involves the moving 

range, which is defined as the absolute difference between 

two consecutive measurements (lxi-Xi-d). These moving 

ranges are averaged (MR) and used in the following formu

lae: 

- MR 
UCL=x+3-

d2 
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LCL=~- 3 MR 
dz 

where x is the goal or target mean, and d2 is based on the 

number of observations associated with the moving range 

calculation. Where n = 2 (two consecutive measurements), 

d2 = 1.128. For the example in Figure 1, the MR was 1.7: 

UCL= 100+3__!_2__ = 104.5 
1.128 

LCL = 100-3__!_2__ = 95 .5 
1.128 

APPENDIX 8: P RECISION STUDY 

Table 1 displays data collected from a precision study. 

This study consisted of fi ve independent runs and, within 

each run, results from three replicates were collected. 

Table 1. Data from a Precision Study 

Replicate Run Number 

Number 1 2 3 4 5 

100.70 99.46 99.96 101.80 101.91 

2 101.05 99.37 100.17 102.16 102.00 

3 I 01.15 99.59 101.01 102.44 101.67 

Mean 100.97 99.47 100.38 102.13 IO 1.86 

Standard Deviation 0.236 0.111 0.556 0.321 0.171 

RSD 1 0.234% 0.111 % 0.554% 0.314% - 0.161% 

1 RSD (relative standard deviation) = 100% x (standard deviation/mean) 

Performing an analysis of variance on the data in Table I, 

the following variance estimates (ANOVA table) are gener

ated: 

Source of df ss MS F 

Variation 
14.200 3.550 

Between Runs 4 34.886 
1.017 0.102 

Within Runs 10 
15.217 

Total 14 

Because there were an equal number of replicates per run in 

the precision study, values for VarianceRun and VarianceRep 

can be derived from the ANOVA table in a straightforward 

manner. The equations below calculate the variability asso-

ciated with both the runs and the replicates where the MSwuhin 

represents the " error " or " within-run " mean square and 

MSbezween the "between-run,, mean square. 

Variance Rep = MSwithm = 0. I 02 

Van anceR = MS between - MS within 3.550 - 0 I 02 
un - ----- 11 4 

# of reps per run - 3 = · 
9 
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Estimates can still be obtained with unequal replication, but 

the formulae are more complex. Studying the relative mag

nitude of the two variance components is important when 

designing and interpreting a precision study. For example, 

for these data the between-run component of variability is 

much larger than the within-run component. This suggests 

that performing additional runs would be more beneficial to 

educing variability than performing more replication per run 

(see Table 2 below). 

Table 2. Computed Variance and RSD of the Mean 

Precision of the Mean Corresponding to Various Test Plans 

(# of Runs, # of Reps per Run) 

No.of 

Runs 

2 

2 

2 

No. of 

Replicates 

2 

3 

2 

3 

Variance 

of the mean 

1.251 

1.200 

1.183 

0.625 

0.600 

0.592 

1 Sample mean is based on the 15 data points presented in Table I. 

Table 2 shows the computed variance and RSD of the 

mean (i.e., of the reportable value) for different combina

tions of number of runs and number of replicates per run 

using the formulae: 

Variance of the mean = 
Vanancenun VarianceRep 

c~ o) runs J + (# o) 1,m., X# o) reps per run J 

Standard deviation of the mean = .Jv ariance of the mean 

RSD 
Standard deviation of the mean OO 

=--------'-----xl % 
Average of all results 

SD of the 

mean Mean 1 RSD (%) 

1.118 100.96 1.11 

1.095 100.96 1.09 

1.088 100.96 1.08 

0.791 100.96 0.78 

0.775 100.96 0.77 

0.769 100.96 0.76 

For example, the Variance of the mean, Standard deviation 

of the mean, and RSD of a test involving two runs and three 

replicates per each run are 0.592, 0.769 and 0.76% respec

tively, as shown below. 

1.149 0.102 
Variance of the mean= -- + -- = 0.592 

2 (2 · 3) 

Standard deviation of the mean = ✓0.592 = 0. 769 

RSD = 0
·
769 

x 100% = 0.76% 
100.96 
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Where 100.96 is the mean for all the data points in Table 

I .As illustrated in Table 2, increasing the number of runs 

from one to two provides a more dramatic reduction in 

the variability of the reportable value than does increasing 

the number of replicates per run . 

No distributional assumptions were made on the data in 

Table I , as the purpose of this Appendix is to illustrate the 

calculations involved in a precision study. In general, if the 

data are normally distributed in the precision study, then the 

standard deviation of the mean should be reported. How

ever, if the log transformed data are normally distributed, 

then the RSD should be reported. 

APPENDIX C: EXAMPLES OF O UTLIER TESTS FOR 

ANALYTICAL DATA 

Given the following set of 10 measurements: 100.0, 

100. l , 100.3, 100.0, 99 .7, 99.9, 100.2, 99 .5, 100.0, and 

95 .7 (mean= 99.5, standard deviation = 1.369) are there 

any outliers? 

Generalized Extreme Studentized Deviate (ESD) Test 

This is a modified version of the ESD test that allows for 

testing up to a previously specified number, r, of outliers 

from a normally distributed population. Let r equal 2, and 

n equal 10. 

Stage I (n = 10)--Normalize each result by subtracting 

the mean from each value and dividing this difference by 

the standard deviation (see Table 3) .3 

The difference between each value and the mean is termed 
the residual. Other Studentized residual outlier tests exist 
where the residual, instead of being divided by the standard 
deviation, can be divided by the standard deviation times the 
square root of n - 1 divided by n. 

Table 3. Generalized ESD Test Results 

n = 10 n=9 

Data Normalized Data Normalized 

100.3 +0.555 100.3 +1.361 

100.2 +0.482 100.2 +0.953 

100.1 +0.409 100.1 +0.544 

100.0 +0.336 100.0 +0.136 

100.0 +0.336 100.0 +0.136 

100.0 +0.336 100.0 +0.136 

99.9 +0.263 99.9 -0.272 

99.7 +0.117 99.7 - 1.089 

99.5 - 0.029 99.5 - 1.905 

95.7 - 2.805 

Mean= 99.54 99.95 

SD = 1.369 0.245 

Take the absolute value of these results, select the maxi

mum value (IRd = 2.805), and compare it to a previously 

specified tabled critical value )q (2.290) based on the se

lected significance level (for example, 5%). The maximum 

value is larger than the tabled value and is identified as being 

inconsistent with the assumed model of normality. Sources 

for >.-values are included in many statistical textbooks. 

Stage 2 (n = 9)--Remove the observation corresponding 

to the maximum absolute normalized result from the origi

nal data set, so that n is now 9. Again, find the mean and 

standard deviation (Table 3, right two columns), normalize 

each value, and take the absolute value of these results. Find 

the maximum of the absolute values of the 9 normalized re

sults (IR2I = 1.905), and compare it to >.2 (2.215). The max

imum value is not larger than the tabled value. 

Conclusion- The result from the first stage, 95 . 7, is de

clared to be an outlier, but the result from the second stage, 

99.5, is not an outlier. 
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Dixon-Type Tests 

Similar to the ESD test, the two smallest values will be 

tested as outliers; again assuming the data come from a sin

gle normal population. 

Stage 1 (n = 10)-The results are ordered on the basis of 

their magnitude (i.e., X" is the largest observation, X,,_1 is the 

second largest, etc., and X1 is the smallest observation). Dix

on's Test has different ratios based on the sample size (in 

this example, with n = 10), to declare X1 an outlier, the fol

lowing ratio, Q11 , is calculated by the formula: 

A different ratio would be employed if the largest data 

point was tested as an outlier. The Q 11 result is compared 

to a 1r 11 value in a table of critical values. If Q11 is greater 

than 1r11 , then it is declared an outlier. For the above set of 

data, Q 11 = (99.5 - 95.7)/(100.2 - 95 .7) = 0.80. This ratio is 

greater than 1r 11 , which is 0.477 at the 5% significance level. 

Sources for Q-values are included in many statistical text

books. 

Stage 2-Remove the smallest observation from the ori

ginal data set, so that n is now 9. The same Q11 equation is 

used, but a new critical 1r 11 value for n = 9 is needed (1r 11 = 

0.512). Now Q 11 = (99 .7 - 99 .5)/(100.2 - 99 .5) = 0.29, 

which is less than 1r 11 and not significant at the 5% level. 

Conclusion-Therefore, 95 . 7 is declared to be an outlier. 

This stepwise procedure is not an exact procedure for testing 

for the second outlier as the result of the second test is con

ditional upon the first. Because the sample size is also re

duced in the second stage, the end result is a procedure 

that usually lacks the sensitivity of the exact procedures that 

Dixon provides for testing for two outliers simultaneously; 

however, these procedures are beyond the scope of this Ap

pendix. 

Both tests previously illustrated in this Appendix assumed 

that the samples were taken from a normally distributed po

pulation . Other tests are also available, including those 

based on robust measures, such as the median and median 

absolute deviation (MAD). One such method is called Ham

pel 's Rule and is described below. 

Hampel's Rule 

Step 1- The first step in applying Hampel 's Rule is to nor

malize the data. However, instead of subtracting the mean 

from the data and dividing the difference by the standard 

deviation, the median is subtracted from each data value 

and the resulting differences are divided by the MAD. 

The calculation of the MAD is done in three stages. First, 

the median is subtracted from each data point. Next, the ab

solute values of the differences are obtained. These are 

called the absolute deviations. Finally, the median of the ab

solute deviations is calculated and multiplied by the con

stant 1.483 to obtain the MAD. 

Step 2- The second step is to take the absolute value of 

the normalized data. Any such result that is greater than 3.5 

is declared to be an outlier. Table 4 summarizes the calcula

tions . 

Table 4. Test Results Using Hampel's Rule 

n = 10 

Deviations 

from the Absolute Normal-

Data Median Deviations ized 

100.3 0.3 0.3 1.35 

100.2 0.2 0.2 0.90 

100.1 0.1 0.1 0.45 

100 0 0 0 

100 0 0 0 

100 0 0 0 
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Table 4. Test Results Using Hampel's Rule (continued) 

n = 10 

Deviations 

from the Absolute Normal-

Data Median Deviations ized 

99.9 -0.1 0.1 0.45 

99.7 -0.3 0.3 1.35 

99.5 - 0.5 0.5 2.25 

95.7 -4.3 4.3 19.33 

Median= 100 0.15 

MAD= 0.222_±5_ 

The value of 95. 7 is again identified as an outlier. This 

value can then be removed from the data set and Hampel 's 

Rule re-applied to the remaining data. The resulting table is 

displayed below. Similar to the previous examples, 99.5 is 

not considered an outlier. 

Table 5. Test Results of Re-Applied Hampel's Rule 

n=9 

Deviations 

from the Absolute Normal-

Data Median Deviations ized 

100.3 0.3 0.3 2.02 

100.2 0.2 0.2 1.35 

100.1 0.1 0.1 0.67 

100 0 0 0 

100 0 0 0 

100 0 0 0 

99.9 -0.1 0.1 0.67 

99.7 -0.3 0.3 2.02 

99.5 -0.5 0.5 3.37 

Median= 100 0.1 

MAD= 0.1483Q 

APPENDIX D: COMPARISON OF METHODS-PRECISION 

The following example illustrates the calculation of a 

90% confidence interval for the ratio of (true) variances 

for the purpose of comparing the precision of two methods. 

It is assumed that the data distribution for both methods is 

approximately normal. The laboratory believes that the pre

cision of the alternative method is acceptable if its standard 

deviation is not more than two-fold greater than that of the 

current method. A 90% (two-sided) confidence interval is 

used when a 5% one-sided test is sought. Here, the test is 

one-sided, since only the increased standard deviation of 

the alternative method is of concern. Some care must be ex

ercised in using two-sided intervals in this way, as they must 

have the property of equal tails- most common intervals 

have this property. 

Method Variance 

Alternative 45.0 

Current 25.0 

Sample Size Degrees of 

Freedom 

16 

11 

15 

10 

Ratio = Alternative Method Variance/Current Method 

Variance= 45 .0/25.0 = 1.8 

Lower Limit of Confidence Interval = Ratio/F_95 = 1.8/ 

2.85 = 0.63 

Upper Limit of Confidence Interval = Ratio/F05 = 1.8/ 

0.39 = 4.62 

NOTE- Fos and 1'95 are tabulated 5th and 95th percentiles 

from an F-distribution, in this example with 15 and 10 de

grees of freedom. 

Discussion-The experiment cannot prove that the preci

sion of the alternative method is acceptable because the 

upper limit of the confidence interval (4.6) is greater than 

the upper acceptable limit (22 = 4). Because the lower limit 

of the confidence interval was less than I, there is not a sta

tistically significant difference (at the 10% level) between 

the precision of the alternative method and the precision 
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of the current method. Nevertheless, based on the scientific 

requirement of the laboratory, there is not sufficient infor

mation to allow for the use of the alternative method. In 

such a case, a second experiment with a larger sample size 

should be performed. How much additional testing should 

occur can be derived by assuming the true ratio of variances 

(alternative/current) is 1.8 and increasing the sample sizes 

until the upper limit of the confidence interval becomes less 

than 4. For example, if sample size for the alternative meth

od is increased to 41 and the sample size for the current 

method increased to 31, then the upper limit of the confi

dence interval would be 3.6, which is less than 4. 

APPENDIX E: COMPARISON OF METHODS-

DETERMINING THE LARGEST ACCEPTABLE DIFFERENCE, 

8, BETWEEN Two METHODS 

This Appendix describes one approach to determining the 

difference, 8, between two methods, a difference that, if 

achieved, still leads to the conclusion of equivalence be

tween the two methods. Without any other prior information 

to guide the laboratory in the choice of 8, it is a reasonable 

way to proceed. Sample size calculations under various sce

narios are discussed in Appendix F. 

Tolerance Interval Determination 

Suppose the sample mean and the standard deviation for 

the current method are 99.5 and 2.0, respectively. These val

ues were calculated using the last 50 results generated by 

this particular method. Given this information, the tolerance 

limits can be calculated by the following formula: 

x ± Ks, 

in which x is the mean; s is the standard deviation; and K is 

based on the level of confidence, the proportion ofresults to 

be captured in the interval, and the sample size, n. Tables 

providing K values are available. In this example, the value 

of K required to enclose 95% of the population with 95% 

confidence for 50 samples is 2.3 79 . The tolerance limits 

are calculated as follows: 

99.5 ± 2.379 X 2.0; 

hence, the tolerance interval is (94.7, 104.3). 

Comparison of the Tolerance Limits to the Specification 

Limits 

Assume the specification interval for this method is (90.0, 

110.0). The following quantities can be defined: the lower 

specification limit (LSL) is 90.0, the upper specification lim

it (USL) is 110.0, the lower tolerance limit (LTL) is 94.7, 

and the upper tolerance limit (UTL) is 104.3. Calculate 

the acceptable difference, (8), in the following manner: 

A= LTL - LSL for LTL ~ LSL 

(A= 94.7 - 90.0 = 4.7); 

B = USL - UTL for USL ~ UTL 

(B = 110.0- 104.3 = 5.7); and 

8 = minimum (A, B) = 4.7. 

~ B ➔ 

90.0 94.7 104.3 110.0 

Fig. 2. A graph of the quantities calculated above. 

With this choice of 8, and assuming the two methods have 

comparable precision, the confidence interval for the differ

ence in means between the two methods should fall within -

4. 7 and +4. 7 to claim that no important difference exists be

tween the two methods. 

Quality control analytical laboratories often deal with 

99% tolerance limits, in which cases the interval will widen. 

Using the previous example, the value of K required to en

close 99% of the population with 99% confidence for 50 

samples is 3.390. The tolerance limits are calculated as fol

lows: 

99.5 ± 3.390 X 2.0; 
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the resultant wider tolerance interval is (92. 7, I 06.3). Simi

larly, the new LTL of92.7 and UTL of 106.3 would produce 

a smaller 8: 

A= LTL - LSL for LTL ~ LSL 

(A= 92.7 - 90.0 = 2.7); 

B = USL - UTL for USL ~ UTL 

(B = 110.0 - 106.3 = 3.7); and 

8 = minimum (A, B) = 2.7. 

APPENDIX F: COMPARISON OF METHODS

CALCULATION OF SAMPLE SIZE 

Formulae are available that can be used for a specified 8, 

under the assumption that the population variances are 

known and equal, to calculate the number of samples re

quired to be tested per method, n. The level of confidence 

and power must also be specified. [NOTE- Power refers to 

the probability of correctly concluding that two identical 

methods are equivalent.] For example, if 8 = 4.7, and the 

two population variances are assumed to equal 4.0, then, 

for a 95% level of confidence and 80% power (with asso

ciated z-values of 1.64 and 1.28, repectively) , the sample 

size is approximated by the following formula: 

20"2 
2 

n 2'. y(za + Zp 12 ) 

n ~ 2
(
4

)
2 

(1.64 + 1.28)2 = (0.36)(8.53) = 3.07 
(4.7) 

Thus, assuming each method has a population variance, u2, 

of 4.0, the number of samples, n, required to conclude with 

80% probability that the two methods are equivalent (90% 

confidence interval for the difference in the true means falls 

between -4.7 and +4.7) when in fact they are identical (the 

true mean difference is zero) is 3. Because the normal dis

tribution was used in the above formula, 3 is actually a low

er bound on the needed sample size. If feasible, one might 

want to use a larger sample size. Values of z for common 

confidence levels are given in the following table. 

z-values 

Confidence level One-tailed (ex) Two-tailed (cx/2) 

99% 2.33 2.58 

95% 1.64 1.96 

90% 1.28 1.64 

80% 0.84 1.28 

A more conservative but exact approach is to use the 

pooled sample variance as an estimate of the common popu

lation variance and to use the corresponding student !-val

ues , adjusting them for different sample sizes. Tables 

providing t-values are available in statistical textbooks. 

Using the same information, the calculations would be as 

follows: 

2s2 

n 2". 52 Ua +fp12/ 

2( 4) 2 .., 
n ~ --

2 
(2.02 + 1.47) = (0.36)(12.18) = 4 . ..,8 

(4.7) 

In this case, using the pooled sample variance of 4.0, the 

number of samples required is 5. Note that this was the 

smallest n that satisfied the above inequality. 
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In many cases, information is provided in terms of a lar

gest acceptable percent difference, p, and the population 

RSDs are assumed to be known and equal. This necessarily 

implies that the two population variances are unequal. The 

sample size formula then becomes 

or, alternatively, 

(RSD,,,)2 ( )' 
n~ 2 fa12+ fp 

p 

where RSD,s1 is the pooled sample RSD. Note that in the 

above formulae, p is interpreted as the proportional change 

in average response from the current method to the alterna

tive method as a function of the geometric mean of the two 

methods. 

APPENDIX G: ADDITIONAL SOURCES OF INFORMATION 

There may be a variety of statistical tests that can be used 

to evaluate any given set of data. This chapter attempted to 

present several tests for interpreting and managing analyti

cal data, but many other similar tests could also be em

ployed. The chapter simply highlighted the analysis of 

data and some of the more common approaches. As men

tioned in the Introduction, specific tests were presented 

for illustrative purposes, and USP does not endorse any of 

these tests as the sole approach for handling analytical data. 

Additional information and alternative tests can be found in 

the references listed below or in many statistical textbooks. 

Control Charts: 

1. Manual on Presentation of Data and Control Chart 

Analysis, 6th ed., ASTM (American Society for Testing 

and Materials), Philadelphia, 1996. 

2. Grant, E.L., Leavenworth, R.S., Statistical Quality 

Control, 7th ed., McGraw-Hill, New York, 1996. 

3. Montgomery, D.C., Introduction to Statistical Quality 

Control, Yd ed. John Wiley and Sons, New York, 1997. 

4. Ott, E., Schilling, E., Neubauer, D., Process Quality 

Control: Troubleshooting and Interpretation of Data, 

3rd ed., McGraw-Hill, New York, 2000. 

Detectable Differences and Sample Size Determina

tion: 

1. CRC Handbook of Tables for Probability and Statistics, 

2nd ed., Beyer W.R., ed,, CRC Press, Inc., Boca Raton, 

FL, 1985 . 

2. Cohen, J., Statistical Power Analysis for the Behavioral 

Sciences, 2nd ed., Lawrence Erlbaum Associates, Hills

dale, NJ, 1988. 

3. Fleiss, J.L., The Design and Analysis of Clinical Ex

periments, John Wiley and Sons, New York, 1986, pp 

369-375. 

4. Juran, J.A., Godfrey, B., Juran s Quality Handbook, 5th 

ed. , McGraw Hill, 1999, Section 44, Basic Statistical 

Methods. 

5. Lipsey, M.W., Design Sensitivity Statistical Power for 

Experimental Research, Sage Publications, Newbury 

Park, CA, 1990. 

6. Montgomery, D.C., Design and Analysis of Experi

ments, John Wiley and Sons, New York, 1984. 

7. Natrella, M.G., Experimental Statistics Handbook 91, 

National Institute of Standards and Technology, 

Gaithersburg, MD, 1991 (reprinting oforiginal August 

1963 text). 
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8. Kraemer, H.C., Thiemann, S., How Many Subjects?: 

Statistical Power Analysis in Research, Sage Publica

tions, Newbury Park, CA, 1987. 

9. Westlake, W.J., response to Kirkwood, T.B.L.: "Bioe

quivalence testing-a need to rethink," Biometrics 

1981 ; 37:589-594. 

General Statistics Applied to Pharmaceutical Data: 

t. Bolton, S., Pharmaceutical Statistics: Practical and 

Clinical Applications, 3rd ed. , Marcel Dekker, New 

York, 1997. 

2. Bolton, S., "Statistics" Remington: The Science and 

Practice of Pharmacy, 20 th ed., Gennaro, A.R., ed., Lip

pincott Williams and Wilkins, Baltimore, 2000, pp. 

124-158. 

3. Buncher, C.R., Tsay, J., Statistics in the Pharmaceuti

cal Industry, Marcel Dekker, New York, 1981. 

4. Natrella, M.G., Experimental Statistics Handbook 91 , 

National Institute of Standards and Technology, 

Gaithersburg, MD, 1991 (reprinting oforiginal August 

1963 text). 

5. Zar, J., Biostatistical Analysis, 2nd ed., Prentice Hall, 

Englewood Cliffs, NJ, 1984. 

General Statistics Applied to Analytical Laboratory 

Data: 

I. Gardiner, W.P., Statistical Analysis Methods for Che

mists, The Royal Society of Chemistry, London, Eng

land, 1997. 

2. Kateman, G., Buydens, L., Quality Control in Analyti

cal Chemistry, 2nd ed., John Wiley and Sons, New York, 

1993 . 

3. Kenkel, J., A Primer on Quality in the Analytical La

boratory, Lewis Publishers, Boca Raton, FL, 2000. 

4. Mandel, J., Evaluation and Control of Measurements, 

Marcell Dekker, New York, 1991. 

5. Melveger, A.J ., "Statististics in the pharmaceutical ana

lysis laboratory," Analytical Chemistry in a GMP En-

vironment, Miller J.M., Crowther J.B. , eds., John Wiley 

and Sons, New York, 2000. 

6. Taylor, J.K., Statistical Techniques for Data Analysis, 

Lewis Publishers, Boca Raton, FL, 1990. 

7. Taylor, J.K., Quality Assurance of Chemical Measure

ments, Lewis Publishers, Boca Raton, FL, 1987. 

8. Wernimont, G.T., Use of Statistics to Develop and 

Evaluate Analytical Methods, AOAC (Asociation of 

Official Analytical Chemists), Arlington, VA, 1985. 

9. Youden, W.J., Steiner, E.H., Statistical Manual of the 

AOAC, AOAC (Association of Official Analytical Che

mists), Arlington, VA, 1975. 

Nonparametric Statistics: 

I. Conover, W.J., Practical Nonparametric Statistics, 3rd 

ed., John Wiley and Sons, New York, 1999. 

2. Gibbons, J.D., Chakraborti, S. , Nonparametric Statisti

cal Inference, 3n1 ed., Marcel Dekker, New York, 1992. 

3. Hollander, M., Wolfe, D., Nonparametric Statistical 

Methods, 2nd ed., John Wiley and Sons, NY, 1999. 

Outlier Tests: 

I. Barnett, V., Lewis, T., Rothamsted, V., Outliers in Sta

tistical Data, John Wiley and Sons, New York, 1994. 

2. Davies, L., Gather, U., "The identification of multiple 

outliers," Journal of the American Statistical Associa

tion (with comments), 1993; 88:782-801. 

3. Dixon, W.J., "Processing data for outliers," Biometrics 

1953; 1:74-89. 

4. Grubbs, F.E., " Procedures for detecting outlying obser

vations in samples," Technometrics 1969; 11 : 1-21 . 

5. Hampel, F.R., "The breakdown points of the mean 

combined with some rejection rules," Technometrics , 

1985; 27:95- 107. 

6. Hoaglin, D.C. , Mosteller, F., Tukey, J., eds., Under

standing Robust and Exploratory Data Analysis, John 

Wiley and Sons, New York, 1983. 
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7. Iglewicz, B., Hoaglin, D.C., How to Detect and Handle 

Outliers, American Society for Quality Control Quality 

Press, Milwaukee, WI, 1993 . 

8. Rosner, B., " Percentage points for a generalized ESD 

many-outlier procedure," Technom etrics , 1983 ; 

25:165-172. 

9. Standard E-178-94: Standard Practice for Dealing 

with Outlying Observations, ASTM (American Society 

for Testing and Materials), West Conshohoken, PA, 

September 1994. 

Precision and Components of Variability: 

1. Hicks, C.R., Turner, K.V., Fundam ental Concepts in 

the Design of Experiments, 5th ed., Oxford University 

Press, 1999 (section on Repeatability and Reproduci

bility of a Measurement System). 

2. Kirk, R.E., Experimental Design: Procedures for the 

Behavioral Sciences , Brooks/Cole, Belmont, CA, 

1968, pp. 61 - 63. 

3. Kirkwook, T.B.L., "Geometric means and measures of 

dispersion," Letter to the Editor, Biometrics, 1979; 

35(4). 

4. Milliken, G.A., Johnson, D.E., Analysis of Messy Data, 

Volume 1: Designed Experiments, Van Nostrand Rein

hold Company, New York, NY, 1984, pp. 19-23. 

5. Searle, S.R., Casella, G., McCulloch, C.E., Variance 

Components, John Wiley and Sons, New York, 1992. 

6. Snedecor, G.W., Cochran, W.G., Statistical Methods, 

8th ed., Iowa State University Press, Ames, IA, 1989. 

7. Standard E-691-87: Practice for Conducting an inter

laboratory Study to Determine the Precision of a Test 

Method, ASTM (American Society for Testing and Ma

terials), West Conshohoken, PA, 1994 .• usm 

BRIEFING 

(1118) Monitoring Devices-Time, Temperature, and Hu

midity, page 481 of PF 26(2) [Mar.- Apr. 2000]. This proposed 

general chapter has been revised and updated by the PSD Expert 

Committee for further public comment. 

(PSD: C. Okeke) RTS- 32010-2 

Add the following: 

~(1118) MONITORING 
DEVICES-TIME, 
TEMPERATURE, AND 
HUMIDITY 

This ehB:pter is iHteHded te preYide eB:ekgre1:1Hd B:Hd 

lrnewledge regB:rdiHg the seieHee B:Hd teehHelegy ef teffl 

perB:tl:lre B:Hd Al:lfflidit)· ffl8HiteriHg. It desetiees t!'l:e B:YB:i!B:ele 

tee!'l:Helegies, tlieir perfofffloHee e!'l:B:rneteristies, B:Hd tlie B:p 

preB:elies te YerifieB:tieH B:Hd YolidB:tieH efpetfoffflB:Hee. T!'l:is 

iHfom,B:tieH is sigttifieottt iH settiHg t!'l:e stB:HdB:rds for pretee 

tieH ef ff!edieittes B:Hd related ortieles w!'l:ile iH B:HJ' segmeHt 

eftlie distrie1:1tieH eliB:iH, eefere t!'l:ese B:11:ieles reoe!'l: t!'l:e eeH 

s1:1ff!er. T!'l:ese tee!'l:ttelegies YOFJ' iH east, tee!'l:HieB:l perfer 

ff!B:Hee, B:YB:ilB:bility, reliB:eility, B:Hd s1:1itaeilit;· for t!'l:e 

e!'l:olleHges ef effeeti1,·e ff!eHiteriHg. Histerie geegrB:pRie 

B:Hd seB:seHB:l trettds ff!OJ' ee used B:s B: tee! iH seleetittg 

B:meHg tlie t)'f)es ef rHeHiterittg de,.·iees. ~tOTE T!'l:e HHB:i 

seetieH ef t!'l:is eliB:pter, Definitia11 &j 'Fen11s tmel 8:;1,•11bal1i, 

lists t!'l:e tefff!s B:Hd SJ'rHeels referred te iH t!'l:is e!'l:B:pter B:Hd 

iHel1:1des serHe etlier eerH£Het1ly e1ttple;·ed deYiees B:Hd geH 

em! tefffliHelegy.] 

TEMPER,~TURE MEASUREMENT TECHNOL 
OCIE8 

Tlie deviees desetieed iH t!'l:is seetieH B:re t!'l:ese £Hast eem 

£Het1I;· 1:1sed iH t!'l:e tefflperotl:lre ffl8Hiterittg it1d1:1sk)1
• Ot!:ter 

aeYiees B:nd speeioliirnd fofffls ef t!'l:e desetieed deYiees ore 
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least eit13ensi,·e fefffl of tem13erfitl:lre 1Heas1:1remeRt, ~mt they 

fflfi)' ee eiffie1:1lt to iRteff}ret. Other t)'fleS ofehemieal sensorn 

inel1:1de s:,·steH1s in whieh a reaetioR rate or diffusion flroeess 

is 1:1sed to ded1:1oe a tem13eraFttre 1,·al1:1e integr!Uod o•,·or time. 

Aee1:1rae)· aRd 13reeision 't"fiF/ wide!)· amoRg different t)'flOS, 

often limitoEI ey tho aeility '>¥ith •v,·hioh oolors oaR ohaRgo or 

ey the aeilit)· to Yis1:1all)1 iHteff}ret diffitsioR tliste.Rees. 

lefFeFell lle~riee Tfl-is Ele•,·iee is easetl OR mea-sming the 

IR radiation emi~oEI from the Miele whose tomfleraFttre is 

rneasl:lfed. Its ad,·aRtage is that the artiele Jflfi)' ee at some 

Elistanee from tho IR seRsor. Coffl13aree with other tempera 

Fttre sensors, IR de,·iees fife eJtfleRsi'f1e. 

VALIDATION A, .. 1!1ID QUALIFICATION STA.:..""-t 
DARDS 

CeeeFel CensilleFeRees ProYiders 0fm0Rit0ring teoh 

110l0gies 0fie11 1:111derstate er in8.flflr0f)riately state the aeFttal 

flerfeffflaRoo data of a f)rod1:1ot. Tho tefffls "a001:1rae)1", "f)rO 

eisioR", aRd "readaelo to" fife ofieR ttsed interehangeae I)·, 

e,·en thottgh the)' fefef to different 8.Sfleots of f)erfoffflaRee. 

The eest efiterien to ttse is the oRe that 1:1neq1:1iYoeall)' de 

fines testing 13r0eed1:1res. 

As with an)' item f)redtteod iR large qttantit)·, the deli¥ered 

flerfoffflaRee of a flaelEaging or stefage monitoring teal ean 

ne•,·er ee aes0l1:1te, as the east efgttaranteeing s1:1oh a 13erfor 

fflfinee wo1:1IEI ee f)rohieitii,·e . The ORI)' ree01:1rse is to estae 

I ish staRElarEls that refer to tho statistioally detormiRed 

f)Orfeffflanee of the moRitoring de't1ioe. 

Veli!letaiee This is a f)reeess that 13r01,rides ass1:1ranoe fer 

the 1:1ser of tho meRitoring doYioo that the 13roE11:1ot has aeon 

tested f)rier to deli,·ef)' and defllB)"ment 8)' assessing the 

meas1:1rement aoo1:1rao)', moas1:1romont ros130nsiY0Ross, and 

time aee1:1rae)1 where 8.flflFOf)riate (see also Dcfi11itirJ11 {J_jr 

Te1·ms etnd S)·mhBls). Tho fflanttfaetttror fflttst also take iRte 

oern,idoratien the general gttide.R00 etttliRod ttRder Vetlidet 

hB11 a-f G311tprndietl Me#trJds (~ )~ 

Fer aR)' staRElarEI, it is ossoRtial to s13ooify tho re.Rgo B't'er 

whioh the staRdard mttst eo fflOt. For Oltfifflj3lo, differoRt do 

.,-ioos fer tom13eratttro fflea!mreffleRt will ha·,·e differeRt ao 

ettraeies aeross the raRge of iRterest. There is RB so1:1Rd 

way to oit13ress the ternporatttro aeel:lfae)' with01:1t s13eeif:,·i.Bg 

the range to •n•hioh it applies. Fer i.Bstaaeo, fer doYiees Elo 

sigRed to m0Rit0r the temporaFttro of items stored at eoR 

trolled ream temperat1:1re, the target teffi13orat1:1re range 

may ee from 0° to a0°. 

Afeetstx1'()111e,1t Aeetx1 etc;· Two 13raetioal methods fer re 

porting the aee1:1rae:,· of a EleYiee are to eit13ress a 13erfer 

me.nee lo,·ol as ".i " a fined q1:1antity or as a pereeRtago 

error. The raRgo 01,•er •.vhieh the 13erfoffflanee is eit13eoted 

rn1:1st also ee defined. The en13eetod aeo1:1rae:,· is Rot less thaR 

two staRdard do,·iatiens, 20', of the error fe1:tnd eetwooR 

meas1:1red ,·alttes aRd tho "lffiBWR yaJ1:1e" in a test ElesigReEI 

aeoordiRg to noffflal 13arametrio statistios. Tho ifflo•"''R Yal1:1e 

is estaelished B)' a traoeaele ste.Rdard. If the meas1:1romORts 

de Rot fell0 1+1,1 neffflal statistioal distrie1:ttion, tests are 13or 

feffflod gr01:1p vliso to ass1:1re a RBffflal distrie1:tti0n. 

Aeo1:1raO)' is also reported as tho soRser er de;•ioe S)'Stem 

aeol:lfae;·. Alth01:1gh a Elo;•ioe ffifi)' eoar a olairn that its thor 

mister is oapaele of J_ 0.2° aoo1:1rao;·, it does Rot moaR that 

tem13orat1:1ros reoerded are ± 0 .2 ° freffi tho trl:lo 1,•e.l1:to. :g100 

trieal Reise and eemf)eneRt teleraRoes iR aR eleetrieal oire1:tit 

also affeet tom13eraFttre aee1:1raO)'. 

},feetstx1'fJme,1t ResfJm1si,,.e11ess Tem13ere.Fttre respoRsi•,·e 

Ross is aR intrinsio design attrie1:1to of fl.fl)' de•,·ioe. Fer the 

f31:1Ff30Se of staRdards definitieR, meas1:1remeRt res130Rsive 

ness (see Defmitim1 rJ.ic Te1•111s et11d f;;w1brJls) is estaelished 

as aR aesol1:1to eritorien. It is s1:tggosted that fer deYioes 1:tsod 
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. J!Oft e. mee.sHfemefl:t reSfl0B:SiYeHess, 1-1-,Q., of less tn tfB:HS , 

tJ:i fi··e miHutes be requires. For ste.tioHe.r;· se•t'iees, ,~ B:H ¼ 

ts less tJ:ie.n 15 miHutes. 

~~ flare.meter is mofe useful tlmH the "resf!OHse 
. " .. ·h. eh is ofl:efl: eites B)' me.Hufa.el.t:irers as a flerfer time , w 1 

meter eut is '·er. siffieult to mee.sufe. The seHSOr maHee flB:ra ' J 

ree.siHg t)'fliee.11)' B:flflroe.ehes the He','♦' temf!ere.ture iH e.H 
as)'mfltotio rnaHHer. Therefere, it is siffioult to setefffliHe 
Wf!eH ilie Hew taFget ternf!erature has ael.t:ie.lly eeeH reaohes. 

Ti 4eettrt1e;,· PerfoffflaHee eriteria !lflfllies to temf!era .,w, 

l.t:ifO aooufaO)' ffll¼)' eo aflfllies wheH setefffliHiHg the time ae 
. .. ·ell Host eofflffl:oHI)· time aeeume)· is eltfll'essecl eurae) as w • • ' 

es a .l flet·eeHtege of total cluratioH of the reeorclit1g eflisocle. 
A I El.5% time aeeurB:O)' is usual!)· asettuate fer flhaffflaeeu 
tieal !lflfllieatioHs. 

V:erifieftff8B IBf:CFYftl ValisatioH must ee flerioclieall)' 
;·efifiecl to eHsure tket tke eltfleetecl f!erfermarwe is still at 
taiHes. The leagtk of the iater.·al eetweea ~·erifieatioHs of 
eoHtiHuiHg f!erfeffflaHee ;·aries eeeercliHg to tke tyfles of 
ffiOHitoriHg tools tmcl tkeir suseefltieilit)' to ekaHge OYer 
time. MaHttfael.t:irers must ee JlreJlarecl to clemoHstfete tkat 
the reeoffiffieHses •.·erifieatioH irHen·al fer a se;·iee is short 
eHougk to essufe eoatiHttes, Sfleeifies le;·els OfflerfeffflaHee 
fer a statistieall;· rele•.·aat groufl of cle,·iees. DeYiees iH 
teHsecl fer siHgle use mttst ee Yerif:ies 8)' testiHg B:11 aflflrO 
fll'iette saffiflle of tke uHits flroclueecl. 

QHelifieetiee Afl: ifflJ!OrtaHt eleffleHt of qualifieatioH 
(see Beft1ii1i811 ef Te1•,113 ti/Id 8J,·111h8{s) is tkat it is eases 
OH the eHcl festtlt to ee oetaiHecl, !'athef tkaH ilie ffie!lHS em 
fllO)'ee. I-or eltarnflle, if tke goal ofe. Jlroeess is to asstlfe thet 
the teffifleral.t:ire of a ffiaterial sta;·s eelo'>v 300' theH this ffla)' 
ee aeeelflflliskecl with tke use of e cle;·iee witk a I 0_50 ee 
euree;·. Tkis is flOSSiele eeeause aajustffieHt of the ealiere 
tioH !fl!¼)' eO!flJleasate fer ternfleral.t:!Fe aeeurae;·. 

TJ:ie use of a stafl:sars eases Of! qttalifioatioH allo•t1t·s the 
fflafke~laee to setefffliHe ilie east efftleti•,'efl:ess of ifflflro~·ecl 
Jlerfofffl!H'l:ee. This is Jlreferaele to the estahlisfl:fflefit of ae 
solute guiseliHes that aFe UB:liltel)' to be eeoaomieall;· Oflti 
rnal. Fer iHstMee, ea !lflflrOJ!riate gtticleliHe fer a sate logger 
usecl iH the ffleasureffleHt of meaH lciaetie ternf!eretttre 
(MKT) ffla;· iB:elttse the fellowiHg: Tke requirecl flerfor 
ffiB:118e fer this se•.·iee is suek tftat wJ:iea the tOfflflerature sis 
flla)·es is 25° there is e 99% Jlrebebilit)· thet the eeR:tel 
ternflerature is ·within the reage 25 .0 i. 0.5°. 

Table I. 8tn1u1tery ef V:elideae& e&d QHelifieet=ieB 

St=e&derds 

Par!lHl.eter 

Measuremeat Aeeurae)' 

StaaclaFti 

Statistieal staasars e1t 

flFessetl as X .l 2a witk aer 

rnal tlistributioa 

Measureffleat ResflOHSiYe Absolute eriterioa O!tflressetl 
fl:OSS 

Time f1oettrae,• 

Verifieatiea Iatep,·el 

Qualif:ieatioa 

ia tefffls of 1-1-,Q, tlefiHeti iH 

miHutes 

Aeselute eriterioa mtf!resses 

ia tefffls of the .l f!ereeHtage 

of tote.I tlure.tieH of the re 

eorsiHg efliSOSe 

DetefffliHetl ey rnaHttfa.eturer 

with the requi.remeHt that the 

stetetl aeettrete)' remetifl: ~·alitl 

stlfiHg the eatire iaten·al 

Dernofl:strates suitabiliey fer 

a sefiaes fufl:otioH; bases OH 

the oej eetiYe rather thaa the 

fftOftffl 
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TIME TEMPERATURE INTEGRATORS 

Time temperatlire integrators, eommonly referred to as 

TTis, e!mnge eolor or ph;•sieal appearanee eased on eicpo 

sure to a temperatlire aeo•,•e a speeifie threshold fer a speei 

fie time duratiofl. TTis are typieally siRgle use disposaele 

de',riees that ehange state irre,.•ersiel;•: ottee the eolor 

ehanges, it will not re,.•eft to tl,e original one even if the teffi 

peratttre retttrns to the aeeeptaele, noffflal range. 

0:1rrentl;•, fet1r easie eofflfflereial t)'f')es of TTI teehnole 

gie9 are in t1se: ehemieal ph;•sieal, ehemieal pol;1ffletization, 

diffl:lsion, and eneyffiatie. 

Chemie1tl Physie1tl B1tsed TTI 8t1eh a TTI menitoi-s 

ti1fle teHl.perntt1re eonditions throt1gh a diffttsion and eheffl 

ieal reaetion. It eonsists ofa presst1re sensitive tape struetlire 

eoffiprising an indicator tape and an activator tape. Tlrn in 

dieator tape eontaitts an ittdieator d;•e dispersed in a pol;·ffier 

earrier. The aeti,·ator tape inelt1des an aeti'>•ator inOOffJOrated 

into an adhesi,·e. Aeti,·ation is eat1sed e;• lafflinating the ae 

ti't1ator tape OYer the indieator tape. A eolor ehange or a read 

aele tflessage oeet1rs as the aetiYator ffligrates into the 

indicator eased on teffiperatttre and tiffle eonditions. These 

TTis can ee mant1faetttred to prnYide a wide an-a;· of time 

temperatttre eonfigt1rations. Pt1ftheffflore, the;• can ee man 

t1faetttred t1sing a prittting process, so they can ee direetl;• 

integrated into a proat1et laeel or pro•,riaed as a stand alone 

laeel if reqt1ired. 

Chemie1tl Pel,•meri1:1ttien B1tsed TTI 8t1eh TTI moni 

tors tiffle teffiperatlire eonditions b;· t1sing a pol;•rnerization 

precess in whieh eolor ehattge oeet1rs onee the speeified 

ti-ffle temperatttre eonditions ha'>10 eeen eiteeeded. The eolor 

ehange takes place when a small eolorless rnoleet1le tratts 

fefffls into a larger eolored rnoleet1le t1pon e1,post1re to tern 

peratttres abo,·e a spceifie threshold fur a speeified period of 

time. These TTis can be proEltteed on a printing press, al 

lowing fer ptintittg the integrator directly on an eitistittg pro 

dt1et label. Thi s deYiee doe s not inYolYe aetiYation; 

thcreferc , it rnt1st ee shipped from the manufacturer on 

dt)' ice attd stored at teffiperatttres eelov,• freezing prior to 

t1sage. These TTis ha,•e somewhat lirnitea time ternperatlire 

threshold eottfigmatiotts . 

Difftisien Besed TTI This TTI monitors time tempera 

ture oonditiotts 13;• diffusioH ('>1t1ioking) of a eolor dyed fat 

(an ester) along a porot1s filter paper strip. 'Nicking or diffl:I 

sion begins onee temperarnre oitoeods the molting point ef 

the ester. The longer the TTI is m,posed to ternperntttres 

aeove the melting point of the ester, drn fi:tfther from the ori 

gin the d;•e will migrate. These deYiees are activated b;· re 

moYing a barrier film that separates the d;•ed fat from the 

wick and the;· can be modified' fer ,·atiot1s applications b;· 

Yar;•ing the rneltittg point and the total tirne reqt1ired fer the 

d;•e to migrate the fi:tll length of the wiolc These TTis are 

contained within their owH paekaging attd ha•,·e lifflited 

tiffle temperatttre threshold oonfigt1rations. 

En1:yme Based TTI This TTI rnonitorn time tempera 

tlire eonditions 13;• ernplo;•ittg att ettz;·rne that ehanges oolor 

once the specified time ternperatttre conditions ha'>•e been 

e1,oeeded. Tho color ehattge is oat1sed ey a ereakdown of 

a fatty suestattoe ey the ottz;•rne, aoeornpanied 13;· the do 

erease in pH. The enZ)•rne and t'he fatt;· suestanee are liqt1ids 

eotttained in separate, adjaeent oornpaftrnettts . Aoti•,·atioH is 

eat1sed ey breaking the barrier bet,,,•een the t.vo eoffipaft 

ments and n~i1dng the two liquids. Enz;'fflatio reactions pro 

Yide a wide arra;• of time temperatttre eonfigurntions.Taele 
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Tahle ~- {;;haFaeieFist=ies et: TTls 
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k6al per ef.trite- ~ 

~ 8tsra11:e ffiSI) h1Elieatisll 11:ratsr 9 Prstseel 

Ckemi r s s m H-80 ReaeaelePrimaryP I a 6 e 

ea! Pky teffipera 

Stef¼t m-re 

ffiessageLaeel sffflellt ef 

er 1ffiage Prill~ar;•aetiYater 

PaelEage tape e,•er 

illeieater 

Ckeflli q4 o re 21 er37ReaeaelePriffiar;•ReffieYal 

ea! Pel;• fJ:UireEI te 

merizaarrest 

tteft eelsr Ele 
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ffieffi 

Di ffu r s s ffi 

e i e ll teffipera 

(usuallytttre 

~ 
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messageLaeel erfi:em frs 
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ti..-ates 
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si11•e eelerPaelEage ef earrier 
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~ .. t tJC'k ,15 tf ref £, ,11 bab. . 
-s •• ,fOfi .,,.. I s .. i;, •nolor Dey,11110~ _'J ·1eele"". pFiRIO!) 1 ••• 1 ., • pARIO!) 

"7:.ia '"'"" I i•olia&IOB lielh•;.:.~· TT a::.s:i:) i"1ogPOlod i1:10 er .... ii) Olt&ol:oe I~ 

paelcogo RlBlliler. PPiRIO!j loeol B ... ,.;;.1 BUFM<!O •••• Olli) , 9118 """". 

11,e !oho! ofo prool•el. !;ee•11~•II) , IA@) ••••Pl """"a en aiee onol loel>neleg; , 
p · t'&oltRge 1t1d1e.tttSHI, h Hu) 

lfte poehoging el••"· ""'"'' . oohogi•g efo preolue1,eeouse 

are hae1 eui1ee far ouooh"'""118 k'W!e !:;;~': paolmgi11g. 
&fe ~ml-bier &Aei &JO eonfiee8 it tA 

ti;· ill use. The hllslsgies presee 
lists the feur staHElarEI tee the EA ef the TTI's eeler 

eet ... ,eell n rr 

Sffialler the Elifferell6e d t <>uali~• less, the ffiere ae 
f the pre__,ue -i 

kSflge Sile the E,4 e . !e's shelf life er effieae;•. 
e . the art1e 

I;• the TTI illeteates the Sill)' a1t•ailaele 
e1:1rate t< a preeuet er 

If the E,4 is llet lC:flewfl. ~r h ' lit, e&ta for speeifie times 
e1:1et sta..,t) f 

illfoffflatiell is the pre TTI f}rnYiEles a refereeee e 

d teffiperatttFeS, the E,4- sf a . oe sf psssiele E,4 

'"• . . . • , TTI wolh • ""• f 

the TTI's Fle1ue1ltt:, . 't . ~eltlU:9-SfftSttffifl.t'iiz~e!tlet-ittllr-t .. e .. rffi .. S e 
·e 'lit;• fer eetllg greater Flem I 

has a I--' 

· e threshe us. atttre 
teFRperature Sile t1m . . e ef ehemieal time teffiper 

All imRSrtant eharaetenst, h ' h the enepeillt ean ee 
r~ ,.. 'th ·· ·.,1en n 

. Elieaters ts tne 13 aettal esler e a • 1.. reeisien wt vr tt;,ge, is 

"' - eh"' g, · h 
eetefffl1ne . , ffia)' alse YSf) " . a Ineieat,sn, stt , ·--ieely ..,nt 

. f,' l\eeurae; Hew 
eiffie1:1lt te EJ:Ualltt l · '. nttfaetttring preeess. .. 

the eentrel an El: . eieaters are Fe a ' El uali~•eftheffia I ti-•elyin 

eratttre tn f 

hemieal tiffle teFRp H'n+i. ~l-4f~rr-ea,..a·w.Y.,,ie"'e" .ra_n __ g~e e S't'SF, e ' ee 81:!SffiffilZSS ~ 
ells i ye an a ffi S) . ·cif' fttl-f)'-' tt¼l:BN:8'1'"1-,,i ll..,e_i ,.e _ate.rs. 8)(!3 >FlmSf) S 

. El for ttse as fl . le eleek'e applieat1ens SH . eieatern are Sltnf} 

. teffiperatttre m h e1:1ffi1:1 
Eleet'fieal ttffie esentati,,-e sf re 

e • •al1:1es l'Sf}f f m 

. de·•iees sale ts SS't' ' ':---Htere'ffH'e-e;-4lthfHe~;r' ~e=if~fe:r~~'f ... 8-nte J ' . .,., There«ir , 

rature h1ste1;. . The aE11t•an 
latiYe tempe ratttre rea01ng. 

, teffipe 
s v,chieh saYe e1t'ef) . I TTis is that the;• ean 

iegg" • .,., aha"'"' T 

e sf eleek'ieal TTis 8¼ .tiie--i~,ed~ls;-a!¼lncHEIHeita~le,.,u:la~t,~e~~~ ..... 4K""' . tag . l . retie ffleue 

t for spee1fiec1n . liffiit inaieaters. a66Sl:IH d al fi.metwll as 
er <Q S Ucncl:1,-. Tke;• ffiS)' alse s -. 

ELECTRONIC TEMPERATURE 
MONITORING DEVICES 

LeggeFS 

The easie fulletien sf an eleetrenie temr:,eratttre eats leg 

ger is ts ffieasure the tefflperature ef the safflple at sveeifie 

tiffie i-fiter.•als, te reesre eleetrsllieaHy the temf!eratttre ane 

time when the ffleasUFemellt v,as tak:en, Sfl.e te pre1t·iee the 

aeili~• te eleek'enieally Elswnlsae s1:1eh data te a perivheral 

s;•steffi, s1:1eh as a persenal eeffipttter, fer Yiewing, printiHg, 
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!lfettiYiHg, or eata lffial;•sis. ffi aeeitioH, loggers may reeore a 

,•ariet:,• of faetors, suek as kumieity Three primaf)' features 

differeHtiate the t)'f!e aHd east of temperature eata loggers: 

t1ser iHterfaee, fuHetioHality, aHe operating eHYiroHmeHt. 

PRIMA.RY FEATURES 

User lHterfeee Tkis is eypieail)' some eomeiHatioH of 

ligats or a liEJ:uie ef)'Stal eisplay to iafoffl'I tae user of the 

deYiee's eurrent status, for eltample, wkether tke ee•,iee 

started or stoppee or wketfler the alaffl'I threshold was mt 

eeeeee. It affores the user tke aeilit:,• to interaet \Yitk tfle 

moHitoring eeYiee Cffid use tfle eata eolleetee tl)' the deYiee. 

la teFms of eireet iHteraetioH, t1ser interfoee refers to tke abil 

it:,• to uHeerstaHe tfle el:lffeHt status of tfle monitoriHg deYiee 

without using peripkeral efJ_t1ipmeHt. 

Funetianelity This a~riet1te iHeludes a wiee Yariet:,• of 

features suek as temperature aeeurae;• aHe respoHsiveHess, 

abilit:,• to reprogram a de,•iee, ekoiee of temperature sam 

pliftg iHtePt•als, sophistieatioft of the data aHal;•sis so#v,•are, 

aeilit)• to iateraet aae aftal;•i!!e eata from tke deYiee, or aeilit:,• 

to e,•aluate tae sopkistieatioft of tfle al!lffl'liftg eapaeilit)• of 

the uftit, wkieh is tke eapabilit:,• to ifteieate tkat threshold 

eofteitiOftS h!t\1e eeeH eiteeeded. 

Mic,'8-p,'BCcssBr The mieroproeessor is respoHsiele for 

maHagiHg all of the operatiftg fuftetioftalities of a logger 

suek as aetii,•atrag aae stoppiHg tae temperature sa1'Hpliftg, 

takiftg aHe reeoreiHg temperature samples, keepiftg traek 

of time, eisplayiftg al!lffl'ling eaHditiefts, or eoffiffluftieatiftg 

witk m,te£Hal s;•stems suek as a persoftal eomputer. Maft)' 

differeftt t:,•pes of fflieroproeessors are used, eepefteiftg oft 

the array of funetional refJ_uirements for the partieular appli 

eation. Some deYiees t1se yery simple, lov,r eest mieropro 

eessors, wkiek simpl;• talEe aHe store eata. Ho•,;•e,•er, more 

sopkistieatee ee•tiees tha-t proYiee aeeitioftal fuaetionalit:,•, 

sueh as remote eoffifflunieations or ae,1aHeed user interfaee 

features, refJ_uire muek more po•,verful mieroproeessors. 

J,1tcnial Dsts StBNtf!:C Tkis feature is t)'f!ieally referrea 

to as a ekip. It is v,rkere tke time ans temperature eata fife 

ph;•sieally storee v,•itflin tits ee•,•iee. Memor;• is t)'f!ieall;• 

elassifiee as Yolatile or HOftYolatile. }-foHvolatile memOf)' 

is t1suall;1 more eitpeHsiYe beeause it peffl'laHefttl;• stores 

tke eata, afte, ift the e•,'eftt of power loss, tke eata eaft ee re 

trie,•ee tl)' the maftufaeturer of tke ae,•iee. Therefere, eases 

Oft the eritieal ftature of tlie aata eeiftg eolleetee, the east 

savings pre•l'iaea e;• ,•ala-tile memof)' migkt net ee wortk 

wkile. In aeeitioH to memor)' t-ype, memory is elassifiea 

on tke easis of tke ea-ta storage eapaeit)•, wkiek is the total 

numeer oftemperaturn aata points tkat ean ee storee ,,,,.ithin 

a eeYiee. T;•pieal temperature logging eeviees store huH 

areas to thousands of temperature meast1rements. 

Operating Environment It ma;• ee elassifiea as sta 

tioHaf)' or transit. The aeYiee ma;• ee permanent!;• fotee 

,fitkiH a storage en ♦'ironmeHt or it fflay ee pertaele afte tra 

,•el witk the proeuet. ClassifieatioH of the operating enYiren 

ment also aeeounts for the t)•pe of en,•ironmental eoaeitions 

the t!Hit will ee mtposee to, St1eh as high humieit)•, shoek, or 

temperatures below free.!iag. 

Other features of loggers ineh1ee aeti•,•ation ans aeaetiYa 

tion of temperature sampling, po•,1,•er, temperature aHa ku 

mieit:,• sensors, aae alaffl'ling eapabilit:,1• 

TYPES OF LOGGERS 

Man;• aifferent t)'f!eS of eleetronie temperature aata log 

gers are a,•ailaele. Seleetion of the apprnpriate teehnology 

aepeaes primaril;• on the speeifie applieatioH refJ_t1irements. 

\Vaea seleetiag a moeel, important aspeets to eoasiaer fife 

the t;•pe of operating enYironment, measurement perioa, 

measuremeat iate1:Yal, output moees, aae the em•iroRmental 
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faotors reeorclecl . The optifflal output tflocles are clepeHcleflt 
OH the applioatiofl . For eiEafflple, a sophistieatecl logger is 
eapaale of ealeulatiRg aHcl clisplayiRg MKT clireetl)·. Log 
gers tl1at reoorcl aoth tefflperaR:tre aRcl hut'fliclity· are a,·ailaale 
as well. S;·steres ttRcler cle,·elopffleRt are mtpeetecl to reeorcl 
aooelerntioR as well. The 1T1eas1:treffleRt period is t)·pioally 
li111itecl 8)' digital tfleR10t)' or aattet)' lifetiree. JR tflEIR)' eases, 
it is clesirnale to clowRloacl aRcl cligitall)· fflEIRipulate the clata. 

Temperature Lagger These loggers t;·pieall;· ha,·e ae 
eurae;· aetweeR 0.1 ° aRcl 0.5 °. These solid state cle .. ·iees clo 
Rot lose ealiaratioR, eiwept o,·er periods of ffiEIR)' ffiORths . 
Howe,·er, ph)·sieal clatflage aRcl ei,posure to clust, eoRtarei 
AEIRts, a11cl ei,eessi,·e i1HerRal heat eaR cla1T1age eritieal elee 
troAie eotflpORORts to tl1e m,teRt that a partieular iRstrureeRt 
ean aeeo1T1e quite iRaeeurnte. The 1T1aiR n1eehaRiSfflS for clrift 
iR the ealiarotioR of loggers ore ohoRges iR perfoFA10Roe of 
eleetroRie OOffipOAeAtS. 

GeAerall)·, loggers clo not haYe the so!'l1e aeeurne)' o,·er 
their eRtire roRge. Beeause of clesigR li1flitotions, there is a 
trocle offaet\l'OOA tlie roHge OA0 the reocloaility· of the cle,·iee 
at a gi'>'OR te1T1peroture le·,·el. Digital cle,·iees cli,·icle tl1e range 
iRto a fiAite nu1T1aer of "biRs" eoYeriAg speoifie tereperntme 
suaraRges. ',1/heR a teffiperottu-e oaservotioR is f!lacle, it is as 
sigRecl to a ain. The preeision of OR)' reeosuremeRt is cli 
reetl;· clepeRcleRt OR the si2:e of tl1e aiR the ffleosuret'fleAt is 
ossigAecl to. 

These loggers respond better to tetflperoture ,·ariotioAs 
thoR grnphie reeorclers, oAcl tlie;' cleteet "spikes", that is , 
clrofflotie tetflperoR:tre lfoetuotioRs, with reosonoale relioail 
it)'. Loggers hoYe eitl1er entemol or iRtemol se11sors. Most 
loggers cleplo;·ecl for traAsit reoAitoriAg haYe OR iAtemal 
probe. lRterAol seAsors will t)·pieoll;· ;·ielcl less responsiYe 
Aess than mEteA1ol seRsors. Values of 1T1eosure1T10At respo11 
si,·e11ess, t-i-,q., 0011 YOr)' frotfl I to 45 ffliAutes Offlong 
cli ffereAt logger clesigRs . So111e te111perotme loggers , for 

use iR water studies, are e1flaeclclecl iR a aloek ofepmE;' resi11 . 
Sueh loggers h1:we high q .. g ,·olues; heRee, the)' are Rot use 
fttl for opplieotio11s where tefflperntme spikes ore a eoAeeFA. 
A t)·pieol t+,Q rnlue for a cle,·iee witl1 011 i11ternal seAsor is 5 
1T1i11utes . 

T)·pienll)', te111peroture loggers are aosecl OR eerepe11eRts 
that iRelucle oeeurote quo112: Ot)'Stol aosecl eloeks. The tiR1e 
oeeuroe)' of eleet=ro11ie logger cleYiees is geRernll)· less thaR 
1 % oRcl Rot of partieulor eoReetR T;·pieoll;·, moRufoeturers 
cle Rot eYeR iRelucle the ti1fle oeeume)' as a perfonflanee 
poro1T1eter of their cle·,·iees. O,·er sl:!011 periods, this aeeurne;· 
is as goocl as er aetter tl1aR that of tflost ti1T1e keepiRg cle 
Yiees tl:iot reig!:it ae usecl es a sta1'1clorcl of eoreporisoR. O,·er 
lo11ger periods, sueh as a )'ear or 1flore, a eloek witA a 1% 

aeeuroe;· rea;· ae se,·erol clays off. Howe·,·er, tl1is error is still 
ORI;· I% a11cl , tl:ierefore, prob ab I)' tmi1T1po11a11t to the quolit)· 
ossurnRee of phom1oeeutieols. 

There is Rot a large bee)' of mEperieRoe to clrow froFR re 
garcliRg the appropriate ti1fle period for the perieclie eheelc 
iRg of the perforn1aRee eharneteristies of loggers. Loss of 
eolibrntio11 aeourno)' is clepe11cleRt eR the staailit)' of inte 
grntecl eireuits aRcl R18)' or rea)· Rot be a gmcluol e,·eRt. MaR 
ufaoR:tres n1ust reoRitor the le11g tenfl perforfflaRee of their 
procluets to cletenfliRe a11 appropriate ,·aliclotioR i11ter,•a1. 

H11mic:li~· Lagger Humiclit)· loggers ore Yef)' susoepti 
ale to loss ofeolibrntioR oeeurae)·, oRcl eoRsequeRtl)' FRust ae 
eolibmtec:I reore frequeRtly. IR t)·pieol use, a huffliclit)· logger 
lflB)' require reealiarotie11 at iRten·als reueh shorter than 1 

)'Oar. Most hun1ic:lit)' loggers have a stated oeeurne)' of 
_l 3% to _l 5% reloti,·e huFRiclity .,.,.l'len Rew aRc:i reeeRtl;· eal 
ibrotecl . PerforfflaRee is eiEpt-essec:I for a roAge of less thaA 
0% to 100% relative hureiclit)' aeeouse reliable measure 
1T1eAts of humic:lit;· at mctreme ,·olues beeo1fle Yet)' cliffieult. 
GeAerail)', this raAge is from 50% to 80% relatiYe hureic:lit)·. 
Outsic:le this eeAtrol range, the error i11ereases rapicll)'. 
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ReeortleFS 

Crapkie Reeorller GFe19i½ie FeeoFdeFs (see Reer:mJer 

and GNtphte Reea1 rier 1:1ndeF Defmitta,·1 a:f Tenm ami Sym 

hats) i½aYe been 1:1sed ei,tensiYely in tne tflonitoFiflg of si½i19 

ments feF mClfly yeeFs. The::,· h!t't·e greet tttiliey1 feF treeltiag 

tne 19eFfeFmanee of FeffigeFation eq1:1ipmeat A 19aftie1:1lef 

weakness of tne gFe19hie Feeorder is its ineeilit)· to reeord 

treasieat tem19eret1:1res . It is else diffie1:1lt to 1:1se ti½e data 

fer 19erfefffling eele1:1latiofls, s1:1ei½ es ti½e deteffflinetion of 

MKT, witi½o1:1t first digitizing ti½e iflfefffletion. Tl,e digitize 

tion 19rneess, if 19erfefffled, is inel1:1ded in estimates of eee1:1 

rae::,·. Tem19eret'l:!Fe eee1:1ree::,1 of grepkie reeoFders ranges 

from J_ 1° to J_ 1.§ 0
• Tnese Clfe tke aesolttte limitatioHS 

eased on ti½e 1fleeneaieel seasers noffflelly 1:1sed. 

Mees1:1Fement res19oasi,1eness, 1-1-,Q., of gre19nie reeordeFs 

ranges from 20 to 60 mia1:1tes , de19eading ea tne s19eeifte 

rnodel or ty13e ofgFepi½ie rneorder. Ti½eFefere, grepi½ie FeeoF 

ders ere aot YeF)' 1:1sefl:II feF tke deteetioa of tem19eFetl:lre 

spikes or brief episodes of eittrerne nigk temperet'l:!Fe. Tne::,· 

eaa ee 1:1sed fef moaitoFing tke 19erfefffleaee of rnfrigeretioa 

eq1:1i19ment in eontrolled enYifoaments wkere spikes ere not 

like!::,·, e1:1t tneir 1:1tilit/ is se,·erel::,1 lirnited ia epplieetioas tket 

i1wohe rno•,1erneat of tke moaitored peelcege between eHYir 

Ollffients of greet!::,· differing temperet'l:lres. 

Tke time eeettreey ofgrepkie reeorders is 1:1s1:1all::,· limited. 

Tke q1:1ertz eloelc dri.,·es, wkiek eontrol rnost models, are 

Yer::,· eee1:1rete. II01ive,·er, a dri,·e meekanism is ey·19ieelly 

1:1sed to rotate e spool ea wkiek tke reeording medi1:11fl is 

wo~md, and the amo1:1nt of material taken 1:1p is depe!'ldent 

1:1r3on variations in tke thielO'less, wrinkles, slight felding 

of tke paper, ead other feetoFs . Aeeordingl;1, tke tifl1e eee1:1 

rae::,·, wkiek is e fttnetioa of tke distenee tre.,·eled e;1 tke re 

eording medi1:1m, is effeeted edYersel;1• Tke time eee1:1ree;1 is 

t)'flieally f!Ot eonstent dooHg e reeoFdiag episode, eHd it may 

eeeome es kigk es J_ §% et the eompletion ofekert ed•,1eHee. 

Grer3kie reeerders t)'flieelly ear.:1,ot perfefffi witk tiffle eee1:1 

reey ee~er tkeH _l_ 3%. 

THE USE OF HISTORIC TEMPEIU .. TURE 
Dl .. TA 

It is elear that tke type of tefflperat'l:!Fe monitefiflg f!eees 

sery is a fttnetion of tke eflYiroHmental eoflditioHs tket eClfl 

ee mtpeeted. Tkerefere, elimetie date ere 1:1sefl:II wkeH seleet 

ing tke eppror3Fiete monitoriflg metkoas. For ellemple, en H1 

eitpensh1e limit ifleieator me;· ee aesirea wken there is a lo•u 

proeeeility tket ei,eessi,·e temperat'l:lres will ee ei,peFieneea. 

Alteffiefr,1el;·, a aete logger may ee preferrea wken it v,101:1la 

ee 1:1sefttl to aemoHstrate tket eitpos1:1re to the kignest tem 

r3eret1:1res was ',1er;· eFief. 

Moreo.,1er, 01:1tsiae temperetl:lres are flat aeeessaFily reli 

eele inaieetors of the temperatl:lres eitpeFieaeea 8'.,' aiffereHt 

items in tke aistrie1:1tion ekein. For mtemple, e reeent st'l:lay 

repartee signifteent fflClileoit teffiperat'l:lre aepeRl:lres fFOffi 

emeient teffiperatttres on e s'l:lfflffler aay. C1:1rrentl;·, fer eon 

'>'enienee in seleotiHg tke appropriate teffipemt1:1re ffiORi 

taring aeYiee OF ffiethoa, et least h•,·o t::,·pes of aate ere 

(l','Oileele. Tobie 3 pro•,iaes a eroaa inaieation of tke t)'fleS 

of temr3eret1:1res tkat eon ee eitpeetea in eaeh state a1:1FiHg e 

pertie1:1laF ffiOntk . F1:1rtker, aeteilea aete ere a•,1eileele froffl 

tke ~♦etioHel Oeeanie AtrHospheFie AEilfttflistration skewing 

tke r3roeeeiliey1 that the maitiffll:lffi teffiperatl:lre OH ea::,· gi•,1en 

aa;1 of tke ;·ear in the geogrephieel area of iRterest will en 

eeea ','BfiOl:IS ·,·el1:1es. [}fOTB Both aeteilea ana geHerel 

aete will ee a'>·ailaele soofl froffi the Temperat'l:lre Mani 

toFiag lfl01:1str;1 Co1:1Heil.] 
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'.filllle 3. Geeeli1Reetie Dete 

DeeefflBCr Merck 

April, OeleBer, ertEI }fo•,•effleer 

Ma;' 

Jttl;' 

~ 

SeplefflBCr 

Nette 

Fleriee ertEI Teites 

t'..leBeffla, AFi20ae, ArkaRsas, Fleriee, Geergie, }few Meitiee, 

}ferlk Cerelirte, ~,1er;•lertEI, Olde!!:errte, S01:ttk Cerelirte, Tei,es, 

artEI Virgirtia 

Celifumie, C0l0reE10, fleriee, Geergie, Illirteis, Irteierte, 

Iewa, Me~•laaEI, }foBreske, l>fo,•aee, }le,,,- JeFse;•, }fortk CeF 

elirte, Okie, Pertf!s;•l•,•ertie, S01:1tli Cefeliae, Utek, enEI Virgirtia 

All, ei,eepl Aleske ertEI ',l/eskirtgtert 

All, eneef)t Alaska, Meirte, Mertl!lfla, }fow H!lfflf)Skire, }forlk 

Dekete, Veffflertt, artEI Weskirtgtert 

AleBeme, Celifurrtia, fleriee, Geergie, Hlirteis, Keatttek;•, 

L01:tisierte, Mississipfli, Miss01:tri, }feyeee, }few MeJciee, 

}fortk Carelirte Olclekema So1:1tk Cerelirte artEI Teites 

~lle,,sii i:t iA ~l,e ,islt eeAe th1riP1 0 ~,e cuti1e )OBJ . RiJlt is EteHfled s9 lihelihoo8 thst te1'tlpe1atttPCS ,,ill eneeed 39,, . 

DEFINITION OF TER.'\'IS A."ID SYMBOLS 

ACCURACY, irt Ike eertteitl sf tkis ekepter, refers ts tke 

elesertess of tke ffleesttreEI Yeltte ts tke eetttal te1:npere11:tre . 

Aeettree;• is 1:1strnll;• EleteffflifleEI 1kre1:1gk e sletislieell;• rele 

,•ertt sefflplirtg sf e lerge rtl:lfflBer sf Ele't'iees. It rrte;• BC re 

porteEI es ert eBs0l1:1te errer OYer a speeiffo rertge or es e 

releti,•e errer. Tke errer is eele1:tle1eEI es e Rtfletiert sf FirtElirtg 

e mrtElerrtly seleeteEI 1:1rtit witkirt e SflCeiFie rertge. Aee1:1ree;• 

8Cf)Cfl8S 0ft CYCf)' SICfl sf Ike ICfflf)Cf&t1:tre ffleas1:1re1'f!Cfll flF0 

eess. Tk1:1s, fur eJterrtple, e EieYiee witk e kigkl;• eee1:1rete sert 

ser ffl&J' gertemle ert irtaeettrale res1:1lt if tke Elate are reeorEleEI 

Ort a el,art reeereer witk a slev,· rrteesttrerrtertt reSflOrtse . Alse 

see ,'4 eeisi011. 

ACTIVATIO}f Et'l"ERGY, E,4, is e tkefffleet;•rtarrtie eert 

stertt 1:1seEI to ekemeteri:ze tke erterg;• Berrier tket nmst BC 

0Yere0me 10 ee1:1se e reeetiert ts oee1:1r. Tkis eertstartt is tker 

ffl08J'fl&rrtieell;• releteEI ts tke erttl,elp;• sf reeetiert, AH. It is 

eflert assttrrteEI tket AH, alse referreEI ts es keet sf aeliYetiert, 

is aflflrmtiFAatel;• eq1:1al ts E,4,~ 

AR.1UIHITTJS EQUATIO}f is 1:tseEI ts eale1:1lete a rate 

eertslartt, k, freFA tke terrtf)Cretttre, T; tke 1:ttfr,•ersel ges eefl 

start!, R; t!!:e erttkalp;' efreaetiert, AH; ertEI a terrtf)erall:tre irt 

Eief)erteertt freqtterte;• factor, A. 

Bl>f\qRO}fME}ffAL PA....'<AMETER is ert;' ekeraeteristie 

sf tke ertYirortt'flCrtt s1:1ek es terrtperetttre, k1:1rrtieit:,1
, eleetre 

rrtag'fletie raeieliert , er eeeelerntiort (skeek). 

EXPONE}ITL0,L RESPONSE is tke 01:ttp1:tt frerrt e Ele,•iee 

f)resertteEI as en ei,perterttial fi.metien sf tlie rrteasttreEI fl&r& 

ffleter, 
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FlRST ORDER REACTIO~l is a reaetion tkat fellows 

tke kinetie ffloeel A , B . Tke integrntee rate equation fer 

tkis prneess is as fello-.·,·s: 

where CG is the initial eoneentrntion of the reaetant at titfle 

f(t ; C is the eoneentrnlion at time I; ane ,~ is tl'le rate eo1'!stant 

(see Af.ea,, K,·,,elie Tc,,ipe, altx. e) . 

FREE.6E n,.IDICATOR is a ee,.·iee that ineieates ifa teffi 

perature REIS fallen eelow a speoifiee '>'Ellue, t;·pioall;· eelow 

go. Freei!e ineieatorn are a speeifio t:,·pe of tkreshole ineiea 

tor (see Th,<csh(jJd huJiea/(j,") . 

FREE.6E THAW n,.IDJCATOR is a eeYioe tkat ineioates 

if the leffipernture eiweeeee a s13eeifie ten'!pernture lluesh 

ole, tke speeifiee '>Eliue aln·a;·s 8eing 8elo .. go_ 

GRi\.PHIG RECORDER is a teffiperature reeoreer that 

oreates a grapkio reoore (see Ree(j, oJe,") . 

HUMIDITY THRESHOLD n,.IDJGATOR is a eeYiee tkat 

ineioatos if a speoifiee f!Ulflieit:,· 10,.·el has 8eeH surpasses . 

Tko ineioator lflEI)' 8e eosignee te respone to Yalues eitker 

El80'>'e or 8elow tke speeifiee lrnmieit)'. 

n,.mIGATOR is lflOSt twioally a ee,.·ioe that eispla;·s a 

single Boolean rem,1lt, naffiel)·, yes or ll(j . 

LmEAR RESPO~lSE is tke output froffi a ae, iee vre 

sentea as a linear funotion of tke memmrea paratfleter. 

LOGARITHMIC RESPO~lSE is the output froffi a eo 

Yiee presentea as a logaritkfflio fttnotion of the ffieasurea 

varntfleter. 

LOGGER Seo L(jggers unaor Eleel1'€Mie Tempe1·a11xre 

MAXJMUM MEASUREMHff n,.ffERVAL is tke rnaJt 

iniuffi time perioa eetween measureffients allo¥t'ea 8)' tlie 

6e¥tee:-

MEAN KmETIG TEMPERATURE (MKT) See Slahi 

lity unaer Pha1•maee1xheal D(jsa-ge ,"-orms (-1-l-:H). (MKT is 

usea lo represent tko ouff!ulati,.·o offeot of a range of tem 

perntures . It is 8ElSee on the assutflf!tioH that tke effeets of 

te1flperature fellow kinetios eeserieea B)' tko Arrkonius 

equation ane first oreer rate law.) 

MEASUREME~ff CAP.AG IT¥ is tlie total nuffiser of re 

eoreee lfleasuretflents allowea s;· the fl0Ftieular ee,.·iee . 

MEASUREME~ff FREQUE~ICY is tke in,.·erse of the 

lfleasuretflent iRter,.·al (see selow). 

~.4'BASURHMHIT TT>ITERVAL is the tiffie interYal se 

tween tko reooraing of tko rnoasuremoRts. 

MEASUREME~ff PERIOD is tl'!e total tiffie perioe aur 

ing WfliOA aata are aoquirea . 

MEASUREME~ff RESPmlSJVHlESS,t+,Q., is tke titfle 

requires for a ae, iee to reaa a ,. alue of (x 1 ;),'2 after an iR 

stantaneous ekange in tetflperature froffi x toy Measureffient 

responsiYoness is norfflall;· a fttnotien ef ternpernture ana, 

tkerefere, ffiUSt se aefinee fer sveeifi.e X ana y '>'Ellues. Tkese 

Yah,1es are ekoson se as te eneernpass tke t:,·pieal operating 

range ef tho ae,.·ioo. 

PRECISION, in tke eenteict ef tkis eliapter, refers te the 

aailit;· ef a aeYiee te vreseRt revreaueiale, olesel;· relatea 

results after reveatea ffieasureffients ef tlie saffie '>"ariaale 

(e.g. , tetflperaa:tre). Preoision ane aoouraoy (see Aeetxrac;,1) 

are Ret neeessaril)' relates; in faot, a measure1flent tflEI)" ee 

prooiso witkout soing aoournto . Prooisien FREl)" 80 rolatoa 

te tke nurneer ef signifioant fi.guros reoeraea fer a ffieasure 

ffieRt. It aepenas Sn e•t'et)' Step ef tfle ffieasureffient flF0eeSS . 

Tkus, fer eicample, tke liigk preoision efa sensor ffi0)' ee lest 

iftlrn aata are reeeraea en a ekart reeereer with a wiae traee. 

QUALIPICATIO~J is tke aernenstratien that a sveeifi.o 

t;·pe ef aeYiee is suitaele fer a aefinea funetien. Qualifiea 

tien is aasea en a ae•,·ioe's aeilit;· te satisf)· a spooifio set ef 

goals ratlrnr tkan tke ffieekanis1fls 8)" ·,vkiek it aees se . 

REACTION TIME is tke tirne requirea fer a rneasure 

nient ao,.·iee te aoteot a ohango in tornf!orat1:1ro. It is usual!;· 

a fuRetieR of teffif!erature. 
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RECORDER is a deYiee ttrnl reeords te111pernture or hu 
midi!)' data as a fttnetion of ti111e b)' insoribing a traee on a 
l~A)'Sieal , pennanent recording n1ediun1 suel1 as a pa13er 
chart. Tl1e data reeOfd is Yisible on the 111ediun1 and ean E)' 
13ieali)' be re1Hoi,•ed fro111 the instm111ent and saYed as a dis 
erete doeu111ent. 

REMOTE READOUT is the eo11111rnnieation or data 
transfer to a deYiee 13h)·sieall)' setrnrnted fron1 the 111easure 
men! deYiee . 

RESPO!>JSE TIME is the ti111e required fer a deYiee to 
read a new i,ralt1e y u13on an instantaneo1:1s ehange in ten1 
pernture fro111 x to y. 

SE?>JSOR is a de,.·iee whose direet 01:1t131:1t is a ftinetion of 
e1wiro11n1ental conditions. The oulf:lut 1110;' be analog or di 
gital. The se11sor is disting1:1ished fro111 the rest of the rnea 
:mrement de,.·iee as tl1e 13oint v,here the f!Nual eFwironn1ental 
13m-ai11eter is tr011sd1:1eed into onotl1er ¥€irn1 of infe1111otion 
sueh OS 8 •,roltage Of 6Uffent. 

TEMPERATURE; THRESHOLD INDICATOR i □ o de 
',·iee tl1at el1anges phriieal a1~13earonee when tl10 ten1perati.ire 
Im~ sur13assed a □peeifie threshold. 

Tl IRESHOLD TNDICATOR is a de,.·ioe that indioates ifR 
s13eeified te11113erntt1re has been s1:1rpassed. The indicator 
1118)' be desigt10d to res13ond to ,.,alues abo,.1e or belo•n' the 
s13eoified ten113ernatre. Therefere, thresholds 1118)' be oboYe 
or below normal 01~erating terH13erati.1re. The indieation is ty 
13ieall:,1 irre .. 'ersible. Tl1reshold indieators n1B)' de13end on di 
gital eleetronies, a ehe111ieal reaction, o 1~hase change, or the 
eitpBn □ ion or eon1raetio11 properties of a n1aterial. Ma)(i 
111t1n1 1Hi11in1u111 tl1em10111eters are a E)'pe of threshold indi 
eater. Threshold indieotors ean be intended fer single 1:1se or 
for 111ultiple use . 

TR.4B TEMPeRATURB l}ffEGRATOR (TTI) i □ a de 
Yiee that res13onds to the et1n11:1lotiYe effect of ten1perat1:1re 
oYer ti111e b;1 dis13lo:,1ing a change in 13h)·sieol a13pearanee. 
TTls 111a;r depend on ehe111ieol reoetions, ph)'Sieol 13roeesses, 
or digital eleetronies to q1:1antif;' ten1peroti.1re effects. The 
su111n1ation of ten1perot1:1re effeo!s O\'OF tin1e into o single 
i,1olue requires the oss1:1n1ption of a kinetic n1odel and kinetic 
eoeffieients. These elen1ents ore s13eeifie to indii,1id1:1al E)'pes 
of de•,<iees. TTis eon be it1tended for sit1gle 1:1se or for 1111:1lti 
~ 

TR,'\CEABLE TeMPeR,'\TURe STANDARD is o te111 
perature □tat1dard ,.,,ith a eolibrotiot1 traeeoble to a stRndord 
established by the !>HST or equi¥alet1t. 

TR,'\!>lSPORT LOGGER is o logger that is pem1anentl;· 
installed it1 a i,•ehiele. 

TR,'\!>lSPORT ReCORDBR is o recorder that is 13en11a 
t1entl:,· installed in o 'l'ehiole. 

VALIDATIO!>[ is tl1e den1onstrotiot1 of perfom1onee s13e 
eifieotions through o stotistieolly significant san1pli11g pro 
eess and the establisl1111ent of 111on1:1foeturing 13roeedures 
that ensure eontin1:1ed perfon11anee ot s13eeified leYels. See 
itar ·,1- · ✓'G · · ~.b I •1, ' d ( '"'"'' ) 

, IL a{UM &fthltpCrln cl n~lr!O fJ = ~ 

This chapter is intended to provide background regarding 
the science and technology of temperature and humidity 
monitoring. It describes the available technologies and their 
performance characteristics, and it provides recommenda
tions for verification and validation of performance. The 
shelf life of a drug is a function of the temperature and hu
midity conditions under which it is stored and transported as 
well as the chemical and physical properties of the drug sub
stance and preparation . For this reason , the ability to moni
tor those conditions is important in the shipping and storage 
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of temperature and humidity sensitive preparations. Historic 
geographic and seasonal trends may be used as a planning 
tool in selecting among the types of temperature and humid
ity monitoring devices . Meteorological forecasts are avail
able for any pertinent location. 

TEMPERATURE MEASUREMENT 

TECHNOLOGIES 

The devices described in this section are those most com
monly used to monitor temperature in the storage and dis
tribution of drugs in North America. The measurement of 
temperature at extremes, such as close to absolute zero or 
temperatures above those reasonably expected to be experi
enced by drugs, is not addressed. 

Alcohol or Mercury Thermometers- These devices are 
based on the change in volume of a liquid as a function of 
temperature. Mercury thermometers are typically used in the 
ranges from 0° to 50° with a precision of about 0 .1 °. 
[NOTE- Some local regulations apply to mercury-based 
thermometers. Alcohol thermometers may have a precision 
as good as 0.01 °, but they must be quite large to measure 
temperatures in ranges of more than a few degrees. Both 
types of thermometers may be designed to indicate the max
imum and minimum temperatures measured. See Thermo
meters (21).] 

Chemical Device-This is a device based on a phase 
change or chemical reaction that occurs as a function of tem
perature. Examples include liquid crystals, waxes, and lac
quers that change phase, and thereby their appearance, as a 
function of temperature. Such materials represent the least 
expensive form of temperature measurement, but they 
may be difficult to interpret. 

Other types of chemical sensors include systems in which 
a reaction rate or diffusion process is used to deduce a tem
perature equivalent integrated over time rather than the tem
perature at a specific moment in time such as a spike or 
critical threshold, for which a separate device may be pre
ferred. Thus, chemical sensors provide a measure of accu
mulated heat rather than instantaneous temperature. It 
should be noted that these devices are generally irreversible; 
once a color change or diffusion process has taken place, 
exposure to low temperatures will not restore the device 
to its original state. Accuracy and precision vary widely 
among different types, often limited by the ability with 
which colors can be differentiated or the ability to visually 
interpret diffusion distances. 

Infrared Device-This is a device based on measuring 
the IR radiation from the article whose temperature is being 
determined; the IR radiation varies as a function of the ob
ject's temperature. The advantage of the device is that the 
article may be at some distance from the IR sensor. How
ever, IR devices are expensive compared to other tempera
ture sensors. 

Resistance Temperature Detector (RTD)-This is a de
vice based on the change in electrical resistance of a material 
as a function of temperature. Precision and accuracy depend 
on the quality of the electronics used to measure the resis
tance. Therefore, while RTDs are among the most stable and 
accurate temperature sensors, their accuracy may change 
with the age and temperature of the device as its electronic 
components are affected. A particular type of RTD uses 
platinum or platinum alloy wire as the sensor. These are re
ferred to as Platinum Resistance Temperature Detectors 
(PRT or PRTD). 
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Solid State Device-This is a device based on the effect 

of temperature on either an integrated circuit (see Thermis

tor below) or on a micromechanical or microelectrical sys-

These devices can attain the highest precision available 
tern. 

and also have the advantage of producing a digital output. 

Their accuracy is typically limited by the accuracy of the 

calibrating system employed. 

Thermistor-This is a semiconductor device whose re

sistance varies with temperature. Thermistors are able to de

tect very small changes in temperature. They are accurate 

over a broad range of temperatures. 

Thermocouple-This is a device based on the change in 

the junction potential of two dissimilar metals as a function 

of temperature. Many metal pairs may be used, with each 

pair providing a unique range, accuracy, and precision. Pre

cision and accuracy depend on the quality of the electronics 

used to measure the voltage and the type of temperature ref

erence used. Accuracy may be a function of temperature ref

erence used . Thermocouples have relatively poor stability 

and low sensitivity, but are simple and cover a wide tem

perature range. 

Thermomechanical Device-This is a device based on 

the change in volume of a solid material as a function of 

temperature. For example, a mechanical spring, which ex

pands or contracts as a function of temperature, thus open

ing and closing an electrical circuit or moving a chart pen, is 

such a device. Precision may be as good as 0.05 °, but in 

practice it is rarely better than 0.5 °. Accuracy is often in 

the range of ± 1.0°, but it may change with the age and 

temperature of the device. 

TIME-TEMPERATURE INTEGRATORS 

Time-temperature integrators, commonly referred to as 

TTis, change color or physical appearance as a result of ex

posure to a temperature above a specific threshold for a spe

cific time duration, and thus accumulate heat. TTis are 

typically single use, disposable devices that react irreversi

bly. Once the color changes, it will not revert to the original 

one even if the temperature returns to the acceptable, normal 

range. The four basic types of chemical-based TTis are de

scribed below. 

Table J lists the four types of chemical TTis presently in 

use. The closer the activation energy of the TTI's color 

change to the activation energy of the degradation process 

of the drug being monitored, the more accurately the TTI 

will reflect the status of the drug . In actual practice, the ac

tivation energy for degradation of a particular drug is not 

known precisely enough to enable selection of a particular 

type of TTL The range of possible activation energies of a 

TTI is given in the table to provide a sense of the flexibility 

of that particular technology. A TTI with a range of possible 

activation energies can be configured to cover a wider range 

of time and temperature thresholds. 

An important characteristic of chemical TTis is the preci

sion with which the endpoint can be determined. It is diffi

cult to quantify an indication such as a gradual color change. 

Accuracy may also vary widely with the control and quality 

of the manufacturing process. As discussed below in Valida

tion of Temperature and Humidity Monitoring Devices, it is 

not possible to calibrate an individual chemical TTI because 

the test is, by the nature of the device, necessarily destruc-
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tive. Chemical time-temperature indicators are relatively in
expensive and may be customized for a wide range of appli
cations. 

Chemical-Physical Based TTI-This type of TTI is 
based on a temperature-dependent diffusion/chemical reac
tion process. It consists of a pressure-sensitive tape struc
ture, which is comprised of an indicator tape and an 
activator tape . The indicator tape contains a dye dispersed 
in a polymer carrier. The activator is incorporated into an 
adhesive on the activator tape. Laminating the activator tape 
over the indicator tape causes activation. A color change or 
readable message occurs as the activator migrates into the 
indicator as a function of temperature and time. These TTis 
can be manufactured to provide a wide array of time- tem
perature configurations. Also , because they can be made 
using a printing process, they can be directly integrated into 
a product label or provided as a stand-alone label if required. 

Chemical Polymerization Based TTI-This type ofTTI 
uses a polymerization process in which a color change oc
curs as a function of time and temperature. The color change 
happens when a small, colorless molecule polymerizes into 
a larger, colored molecule on exposure to temperatures 
above a specific threshold for a specified period of time. 
These TTis can be applied as print process, permitting direct 
integration into a product label or stand-alone label. Since 
this type of TTI does not require activation, it must be 

shipped from the manufacturer on dry ice and stored at tem
peratures below freezing prior to use. Chemical polymeriza. 
tion based TTis have somewhat limited selections of time
temperature threshold configurations. 

Diffusion Based TTI-This type of TTI is composed of a 
color-dyed fat, an ester that diffuses along a porous filter pa
per strip or wick once the temperature exceeds the melting 
point of the ester. The distance the colored fat migrates is a 
function of the time the TTI is exposed to temperatures 
above the melting point of the ester. Removing a barrier film 
that separates the dyed fat from the wick activates these de
vices. They can be modified for various applications by se
lecting esters of different melting points, and by changing 
the length of the wick. These TTis are contained within their 
own packaging and have limited time-temperature thresh
old configurations. 

Enzyme Based TTI-This type of TTI uses an enzyme
catalyzed color generating reaction that occurs as a function 
of time and temperature. The color change is caused by es
terase hydro lysis of a fatty substance, accompanied by a de
crease in pH . The enzyme and the fatty substrate are in 
separate solutions in adjacent compartments. Breaking the 
barrier between the two compartments and mixing the two 
solutions activates the device. Enzymatic reactions provide 
a wide variety of time-temperature configurations. 
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Table I. Characteristics of TTI Technologies 

Activation 

Energy 
Type Storage (kcal/mo)) 

Chemical- Controlled room 13- 80 
Physical temperature 

Polymerization -440 21 or 37 

Diffusion Controlled room 9.8 

temperature 

Enzymatic Controlled room 8-30 

temperature; 

cold for extended 

storage 

ELECTRONIC TIME-TEMPERATURE HISTORY 

RECORDERS 

These devices, which may serve as an alternative to chem
ical-based TTis, use one of the electronic temperature mea
surement technologies described above and create a record 
of the temperature history experienced by a device. Some 
are simple electronic devices that record and save tempera
ture values representative of the cumulative temperature his
tory over a period of time. These may be designated as 

Indication Placement Activation 

Readable Primary Placement of 
message or label or activator tape 

image Primary over indicator 

package 

Readable message Primary Removal from 
or image label or frozen 

Primary environment 

oackage 

Progressive color Primary Removal of 
diffusion observed package barrier film 
through clear win-

dow 

Color change ob- Primary Breaking seal 
served through package to mix liquids 
clear window 

electronic TTis. They have the advantages of being able 
to calculate the Mean Kinetic Temperature (MKT) based 
on the measurements recorded and they can be calibrated. 

Data Loggers- A more capable device records the tem
perature at very short intervals and is able to download the 
temperature history record to a peripheral system, such as a 
personal computer. Such devices may be termed electronic 
temperature data loggers . In addition, a data logger may re
cord the humidity using sensors described below. A data 
logger may be permanently fixed within a storage environ
ment or it may be portable and travel with a product. 
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RELATIVE HUMIDITY MEASUREMENT 

TECHNOLOGIES 

Relative humidity may be defined as the ratio of the ob

served partial pressure of water vapor in a volume of air to 

the saturation pressure at that temperature . In other words, 

the relative humidity is the amount of water vapor present 

divided by the theoretical amount of moisture that could be 

held by that volume of air at a given temperature. Extensive 

tables of data are available. Devices for measuring relative 

humidity are called hygrometers. Several different technol

ogies exist for measuring relative humidity. 

Sling Psychrometer-The simplest type of hygrometer 

is based on the temperature difference observed between 

two identical thermometers, one ordinary, and one with a 

wet cloth wick over its bulb. The two thermometers are 

whirled at the end of a chain, and the evaporation of water 

from the wick cools the wet bulb thermometer. The tempera

ture difference between the wet and dry thermometers is 

then compared to a table, specific to that psychrometer, 

based on dry bulb temperature, and the relative humidity 

is determined. The use of a sling psychrometer in a commer

cial setting is impractical. 

Hair Hygrometer-This type of device is based on the 

fact that the length of a synthetic or human hair increases as 

a function of the relative humidity. This change is used to 

move an indicator or affect a strain gauge. A hair hygro

meter can be accurate to ± 3%, but is unable to respond 

to rapid changes in humidity and loses accuracy at very high 

or very low levels of relative humidity. 

Infrared Hygrometer-This type of hygrometer deter

mines relative humidity by comparing the absorption of 

two different wavelengths of IR radiation through air. One 

wavelength is absorbed by water vapor and the other is not. 

This type of hygrometer can accurately measure relative hu-

midity in large or small volumes of air. It is sensitive to rapid 

changes of humidity and can be integrated with an elec

tronic data handling system. 

Dew Point Hygrometer-This type of device uses a 

chilled mirror to determine the dew point of an air sample. 

The dew point is the temperature at which water vapor in the 

air begins to condense, that is, the temperature at which the 

relative humidity is 100%. From this measurement and an 

accurate measurement of the ambient temperature, the rela

tive humidity can be calculated. The dew point hygrometer 

is the standard against which most commercially available 

instruments are calibrated. 

Capacitive Thin-Film Hygrometer-The principle of 

this type of hygrometer is that the dielectric of a nonconduc

tive polymer changes in direct proportion to the relative hu

midity. This change is measured as a change in capacitance. 

This type of hygrometer is accurate to ± 3%. 

Resistive Thin-Film Hygrometer-This type of hygro

meter is similar to the capacitive thin-film type in that it uses 

the effect of changing relative humidity on an electrical cir

cuit. In the resistive thin-film hygrometer the sensor is an 

organic polymer whose electrical resistance changes in 

logarithmic proportion to the relative humidity. This type 

of hygrometer is accurate to ± 5%. 

VALIDATION OF TEMPERATURE AND HUMIDITY 

MONITORING DEVICES 

Thermometers and hygrometers, used to provide data 

about the temperature and humidity exposure of a product, 

must be suitable for their intended use. Specifically, they 

must be appropriately validated. Validation is a process that 

assures the user of the monitoring device that the device has 

been tested prior to use either by the manufacturer or the 

user, to assess the measurement accuracy, measurement re

sponsiveness, and time accuracy, where appropriate. Moni-
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tors used in manufacturing, storage, and transport of drugs 

should be properly qualified by their users to ensure that the 

monitors have been received and maintained in proper 

working order. Pharmacies and consumers may accept the 

val idation performed by the manufacturer of the device. 

Measurement Accuracy-For temperature and humidity 

monitoring devices, measurement accuracy refers to the 

closeness of the value obtained with a paiticular device to 

the true value being measured. In practice, this is determined 

by comparison with a device that has been calibrated against 

a standard that is obtained from or traceable to the National 

Institute of Standards and Technology (NIST). 

Measurement Responsiveness-Any monitor takes time 

to respond to a change in the temperature or humidity. The 

more rapid the response, the clearer the picture of the envir

onmental history of a monitored product will be. Measure

ment responsiveness may be defined as the time, t½, required 

for a device to read a value of(x + y)/2 after an instantaneous 

change in the property being measured from x toy. Measure

ment responsiveness is typically defined for the operating 

range of a device. 

Different levels of responsiveness are needed for different 

monitoring applications. For devices used to monitor stor

age locations , where the temperature and humidity are unli

kely to change rapidly, a t½ :::; 15 minutes may be appropri

ate. For devices used to monitor transport, where more rapid 

changes are possible , a t ½ :::; 5 minutes may be needed. 

Time Accuracy- Most commonly, time accuracy is ex

pressed as a ± percentage of total duration of the recording 

period. For phannaceutical applications, a ± 0.5% time ac

curacy is adequate . 

Validation of Chemical-Based TTls- This type of de

vice presents a problem for validation because testing the 

individual device causes its destruction. For this reason, ca

libration of individual chemical-based TTis against an N[ST 

traceable standard is not possible. Ideally, chemical-based 

TTls would be made using Good Manufacturing Practices, 

and their use in connection with monitoring the storage and · 

transport environment of drugs would be appropriately 

regulated. In the absence of those conditions, the perfor

mance of a batch of these devices may be assessed statisti

cally by subjecti ng an appropriately sized sample to 

elevated temperature conditions for a set period of time 

and observing the results. Appropriate acceptance criteria 

should be adopted. 

THE USE OF HISTORIC TEMPERATURE DATA 

lt is clear that the type of temperature monitoring needed 

is a function of the environmental conditions that can be ex

pected. Therefore, climatic data are useful when selecting 

the most appropriate local storage conditions and moni

toring methods. For example, an inexpensive limit detector 

may be all that is needed when there is a low probability that 

excessive temperatures will be experienced. Alternatively, a 

data logger may be preferred when it would be useful to de

monstrate that exposure to the highest temperatures was 

very brief. 

It should be noted, however, that outside temperatures are 

not necessarily reliable indicators of the temperatures ex

perienced by different items in the distribution chain. For 

example, recent studies reported significant depaitures from 

ambient temperatures on summer days for mailboxes , 

trucks, and warehouses. Detailed historical temperature data 

are available from the National Oceanic Atmospheric Ad

ministration showing the daily mean maximum and mini

mum temperature on any given day of the year in a 

geographical region of interest (e.g., http ://www.cdc.noaa .

gov/Usc limate/states/fast.html) ... usm 
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BRIEFING 

(1160 ) Pharmaceutical Calculations in Prescription 
Compounding, page 476 of PF 28(2) [March- April 2002]. On 
the basis of comments received, it is proposed to make additional 
editorial changes for further clarification of the text. 

(CR.X: C. Okeke) RTS- 38282-2 

Add the following: 

~(1160) PHARMACEUTICAL 
CALCULATIONS IN 
PRESCRIPTION COMPOUNDING 

INTRODUCTION 

The purpose of this chapter is to provide general informa

tion to guide and assist pharmacists in performing the neces

sary calculations when preparing or compounding any 

pharmaceutical article (see Pharmaceutical Compound

ing-Nonsterile Preparations (795), Pharmaceutical Com

pounding-Sterile Preparations (797), and Good 

Compounding Practices ( 1075)) or when simply dispensing 

prescriptions (see Stability Considerations in Dispensing 

Practice ( 1191) ). 

Correct pharmaceutical calculations can be accomplished 

by using, for example, proper conversions from one mea

surement system to another and properly placed decimal 

points, by understanding the arithmetical concepts, and by 

paying close attention to the details of the calculations. Be

fore proceeding with any calculation, pharmacists should do 

the following: (a) read the entire formula or prescription 

carefully; (b) determine which materials are needed; and 

then (c) select the appropriate methods of preparation and 

the appropriate calculation. 

There are often several ways to solve a given problem. 

Logical methods that require as few steps as possible should 

be selected in order to ensure that calculations are done cor

rectly. The best approach is the one that yields results that 

are accurate and free of error. The pharmacist must double

check each calculation before proceeding with the prepara

tion of the article or prescription order. One way of double

checking is by estimation. This involves rounding off the 

quantities involved in the calculation, and comparing the es

timated result with the calculated value. 

Finally, the following steps should be taken: the dosage of 

each active ingredient in the prescription should be checked; 

all calculations should be doubly checked, preferably by an

other pharmacist; and where instruments are used in com

pounding, they should be carefully checked to ascertain 

that they will function properly. See USP general chapters 

Aerosols, Metered-Dose Inhalers, and Dry Powder Inhalers 

( 601 ) , \lloter So lie tt1teraeti oas iH Phafffltteetttieal S)·steffis 

(-1-Ul-}, aHa WeighiHg OH EtH AHttl)·tieal BalaHee 

(+:t:3+}Deliverable Volume (698), Density of Solids (699), 

Osmolarity (785 ), pH (791), Pharmaceutical Compound

ing-Nonsterile Preparations (795), Pharmaceutical Com

pounding-Sterile Preparations (797), Viscosity (911 ), 

Specific Gravity (841), Cleaning Glass Apparatus ( 1051), 

Medicine Dropper ( 1101 ), Prescription Balances and Volu

metric Apparatus (1176), Teaspoon (1221 ), Weighing on an 

Analytical Balance ( 1251 ), and Good Compounding Prac

tices ( 1075) for information on specific instruments. 

BASIC MATHEMATICAL CONCEPTS 

SIGNIFICANT FIGURES 

Expressed values are considered significant to the last di

git shown (see Significant Figures and Tolerances in the 

General Notices). Significant figures are digits with practi

cal meaning. The accuracy of the determination is implied 

by the number of figures used in its expression. In some cal

culations zeros may not be significant. For example, for a 

measured weight of 0.0298 g, the zeros are not significant; 
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they are used merely to locate the decimal point. In the ex

ample, 2980 g, the zero may also be used to indicate the dec

imal point, in which case the zero is not significant. 

Alternately, however, the zero may indicate that the weight 

is closer to 2981 g or 2979 g, in which case the zero is sig

nificant. In such a case, knowledge of the method of mea

surement would be required in order to indicate whether the 

zero is or is not significant. In the case of a volume measure

ment of 298 mL, all of the digits are significant. In a given 

result, the last significant figure written is approximate but 

all preceding figures are accurate. For example, a volume of 

29.8 mL implies that 8 is approximate. The true volume falls 

between 29.75 and 29.85 . Thus, 29.8 mL is accurate to the 

nearest 0.1 mL, which means that the measurement has been 

made within ± 0.05 mL. Likewise, a value of 298 mL is 

accurate to the nearest 1 mL and implies a measurement fall

ing between 297.5 and 298.5, which means that the mea

surement has been made within ± 0.5 mL and is subject 

to a maximum error calculated as follows : 

0.5mL 
298mL X JQQo/o = 0.17% 

A zero in a quantity such as 298.0 mL is a significant figure 

and implies that the measurement has been made within the 

limits of 297.95 and 298.05 with a possible error calculated 

as follows : 

O.OSmL x l00% = 0.01 7% 
298.0rnL 

EXAMPLES-

I. 29.8 mL = 29.8 ± 0.05 mL (accurate to the nearest 0.1 

mL) 

2. 29.80 mL = 29.80 ± 0.005 mL (accurate to the nearest 

0.01 mL) 

3. 29.800 mL = 29 .800 ± 0.0005 mL (accurate to the 

nearest 0.001 mL) 

The degree of accuracy in the last example is greatest. 

Thus, the number of significant figures provides an estimate 

both of true value and of accuracy. 

EXAMPLES OF SIGNIFICANT FIGURES-

Measurement 

2.98 

2.980 

0.0298 

0.0029 

Number of Significant 

Figures 

3 

4 

3 

2 

Calculations- All figures should be retained until the 

calculations have been completed. Only the appropriate 

number of significant figures, however, should be retained 

in the final result. 

Determining the number of significant figures

Sums and Differences 

When adding or subtracting, the number of decimal 

places in the result shall be the same as the number of dec

imal places in the component with the fewest decimal 

places. 

EXAMPLE-

11.5 + 11.65 + 9.90 = 33 .1 
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Products and Quotients 

When multiplying or dividing, the result shall have no 

more significant figures than the measurement with the 

smallest number of significant figures entering into the cal

culation. 

EXAMPLE-

4.266 X 2] = 90 

Rounding Off- For rules on rounding off measurements 

or calculated results, see Interpretation of Requirements un

der Significant Figures and Tolerances in the General No

tices . Note, however, that in the example above, if 21 is an 

absolute number, e.g. , the number of doses, then the answer, 

89.586, is rounded off to 89.59 which has 4 significant fig

ures. 

LOGARITHMS 

The logarithm of a number is the exponent or the power to 

which a given base must be raised in order to equal that 
number. 

Definitions-

pH = - log [W], and 

pKa = - log Ka 

pH = - log [I-r], and pKa = - log Ka, where [H+] is the 

hydrogen ion concentration in an aqueous solution and Ka 

is the ionization constant of the acid in an aqueous solution. 

The [I-/+] = the antilogarithm of (-pH), and the Ka = the an

tilogarithm of (-pKa). 

The pH of an aqueous solution containing ?. weak acid 

may be calculated using the Henderson-Hasselbalch equa

tion: 

pH= pKa + log [sa/t] /[acid] 

EXAMPLE-

A solution contains 0.020 moles per liter of sodium ace

tate and 0.010 mole per liter of acetic acid, which has a pKa 

value of4.76. Calculate the pH and the [H+] of the solution. 

Substituting into the above equation, pH = 4.76 + log 

(0.020/0.010) = 5.06, and the [I·f+] = antilogarithm of (-

5.06) = 8.69 X 10-6. 

BASIC PHARMACEUTICAL CALCULATIONS 
The remainder of this chapter will focus on basic phanna

ceutical calculations. It is important to recognize the rules 

involved when adding, subtracting, dividing, and multiply

ing values. The interrelationships between various units 

within the different weighing and measuring systems are 

also important and have to be understood. 

CALCULATIONS IN COMPOUNDING 

The pham1acist must be able to calculate the amount or 

concentration of drug substances in each unit or dosage por

tion of a compounded preparation at the time it is dispensed. 

Pharmacists must perform calculations and measurements 

to obtain, theoretically, 100% of the amount of each ingre

dient in compounded formulations. Calculations must ac

count for the active ingredient, or active moiety, and water 

content of drug substances, which inc ludes that in the chem

ical formulas of hydrates . Official drug substances and 

added substances must meet the requirements under Loss 
on Drying (731 ), which must be included in the calculations 

of amounts and concentrations of ingredients. The pharma

cist should consider the effect of ambient humidity on the 

gain or loss of water from drugs and added substances in 

containers subjected to inte1mittent opening over prolonged 

storage. Each container should be opened for the shortest 

duration necessary and then closed tightly immediately after 

use. 
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The nature of the drug substance that is to be weighed and 

used in compounding a prescription must be known exactly. 

If the substance is a hydrate, its anhydrous equivalent 

weight may need to be calculated. On the other hand, if there 

is adsorbed moisture present that is either specified on acer

tificate of analysis or that is determined in the pharmacy im

mediately before the drug substance is used by the 

procedure under Loss on Drying (731 ), this information 

must be used when calculating the amount of drug sub

stance that is to be weighed in order to determine the exact 

amount of anhydrous drug substance required. 

There are cases in which the required amount of a dose is 

specified in terms of a cation [e.g., Li+, netilmicin (n+)], an 

anion [e.g., F-J, or a molecule (e.g., theophylline in amino

phylline). In these instances, the drug substance weighed is 

a salt or complex, a portion of which represents the pharma

cologically active moiety. Thus, the exact amount of such 

substances weighed must be calculated on the basis of the 

required quantity of the pharmacological moiety. 

The following formula may be used to calculate the exact 

theoretical weight of an ingredient in a compounded prepa

ration: 

W= abide, 

in which Wis the actual weighed amount; a is the prescribed 

or pharmacist-determined weight of the active or functional 

moiety of drug or added substance; b is the chemical for

mula weight of the ingredient, including waters of hydration 

for hydrous ingredients; dis the fraction of dry weight when 

the percent by weight of adsorbed moisture content is 

known from the loss on drying procedure (see Loss on Dry

ing (731 ) ); and e is the formula weight of the active or func

tional moiety of a drug or added substance that is provided 

in the formula weight of the weighed ingredient. 

Example 1: Triturate Morphine Sulfate USP and Lactose 

NF to obtain 10 g in which there are 30 mg of Morphine 

Sulfate USP for each 200 mg of the morphine-lactose mix

ture. [NOTE- Clinical dosages of morphine mean Morphine 

Sulfate USP, which is the pentahydrate.] 

Equation Factor Numerical Value 

w 

a 

b 

d 

e 

weight, in g, of Morphine Sulfate 

USP 

1.5 g of morphine sulfate pentahy

drate in the prescription 

759 g/mole 

1.0 

759 g/mole 

W= l.5g(759g / mole) =l.Sg. 

1.0(759g/ mole) 

Example 2: Accurately weigh an amount of Aminophyl

line USP to obtain 250 mg of anhydrous theophylline . 

[NOTE-The powdered aminophylline dihydrate weighed 

contains 0.4% w/w adsorbed moisture as stated in the Cer

tificate of Analysis.] 

Equation Factor Numerical Value 

W weight, in mg, of Aminophylline 

USP (dihydrate) 

a 

b 

d 

e 

250 mg of theophylline 

456 g/mole 

0.996 

360 g/mole 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 



228 IN-PROCESS REVISION 
Pharmacopeial Forum 

Vol. 29(1) [Jan.-Feb. 2003] 

W=250mg(456g /mole) 318 mg 
0.996 (360 g I mole) 

Example 3: Accurately weigh an amount of Lithium Ci

trate USP (containing 2.5% moisture as stated in the Certi

ficate of Analysis) to obtain 200 mEq of lithium (Li+). 

[NOTE-One mEq of Li+ is equivalent to 0.00694 g of Li+. ] 

Equation Factor Numerical Value 

W weight, in g, of Lithium Citrate 

USP (tetrahydrate) 

a 

b 

d 

e 

200 mEq of Li+ or 1.39 g of Li+ 

282 g/mole 

0.975 

3 x 6.94 g/mole or 20.8 g/mole 

W = l.39g(282g /mole) 19.3g. 
0.975 (20.8g /mole) 

Example 4: Accurately weigh an amount of Netilmicin 

Sulfate USP, equivalent to 2.5 g of netilmicin. [NOTE

Using the procedure under Loss on Drying(73 I), the Netil

micin Sulfate USP that was weighed lost 12% of its weight.] 

Equation Factor Numerical Value 

W weight, in g, of Netilmicin Sulfate 

a 

b 

d 

e 

USP 

2.5 g 

1442 g/mole 

0.88 

951 g/mole 

W 
= 2.5g(l442g /mole) 

4 31 . g. 
0.88 (951 g/ mole) 

BUFFER SOLUTIONS 

Definition-A buffer solution is an aqueous solution that 

resists a change in pH when small quantities of acid or base 

are added, when diluted with the solvent, or when the tem

perature changes. Most buffer solutions are mixtures of a 

weak acid and one of its salts or mixtures of a weak base 

and one of its salts. Water and solutions of a neutral salt such 

as sodium chloride have very little ability to resist the 

change of pH and are not capable of effective buffer action. 

Preparation, Use, and Storage of Buffer Solutions

Buffer solutions for phannacopeial tests should be prepared 

using freshly boiled and cooled water (see Standard Buffer 

Solutions under Buffer Solutions in Reagents, Indicators, 

and Solutions) . They should be stored in containers such 

as Type I glass bottles and used within three months of prep

aration. 

Buffers used in physiological systems are carefully cho

sen so as not to interfere with the phannacological activity 

of the medicament or the nonnal function of the organism. 

Commonly used buffers in parenteral products for example 

are acetic, citric, glutamic, and phosphoric acids and their 

salts. Buffer solutions should be freshly prepared. 

The Henderson-Hasselbalch equation, noted above, al

lows the pH of a buffer solution of a weak acid and its salt 

to be calculated. Appropriately modified, this equation may 

be applied to buffer solutions composed of a weak base and 

its salt. 
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Buffer Capacity-The buffer capacity of a solution is the 

measurement of the ability of that solution to resist a change 

in pH upon addition of small quantities of a strong acid or 

base. An aqueous solution has a buffer capacity of I when I 

liter of the buffer solution requires I gram equivalent of 

strong acid or base to change the pH by I unit. Therefore, 

the smaller the pH change upon the addition of a specified 

amount of acid or base, the greater the buffer capacity of the 

buffer solution. Usually, in analysis, much smaller volumes 

of buffer are used in order to determine the buffer capacity. 

An approximate formula for calculating the buffer capacity 

is gram equivalents of strong acid or base added per liter of 

buffer solution per unit of pH change, i.e., (Eq /L)/(pH 

change). 

EXAMPLE-

The addition of 0.01 gram equivalents of sodium hydrox

ide to 0.25 liter of a buffer solution produced a pH change of 

0.50. The buffer capacity of the buffer solution is calculated 

as follows: 

(0.01 /0.25)/0.50 = 0.08(Eq/L)/(pH change) 

DOSAGE CALCULATIONS 

Special Dosage Regimens-Geriatric and pediatric pa

tients require special consideration when designing dosage 

regimens. In geriatric patients, the organs are often not func

tioning efficiently as a result of age-related pharmacokinetic 

changes or disease. For these patients, modifications in dos

ing reg imens are available in references such as USP Drug 

Information. 

For pediatric patients, where organs are often not fully de

veloped and functioning, careful consideration must be ap

plied during dosing. Modifications in dosing regimens for 

pediatric patients are also available in references such as 

USP Drug Information. General rules for calculating doses 

for infants and children are available in pharmacy calcula

tion textbooks. These rules are not drug-specific and should 

be used only in the absence of more complete information. 

The usual method for calculating a dose for children is to 

use the infonnation provided for children for the specific 

drug. The dose is frequently expressed as mg of drug per 

kg of body weight for a 24-hour period, and is then usually 

given in divided portions. 

The calculation may be made using the following equa

tion: 

(mg of drug per kg of body weight) x (kg of body weight) 

= dose for an individual for a 24-hour period 

A less frequently used method of calculating the dose is 

based on the surface area of the individual's body. The dose 

is expressed as amount of drug per body surface area in m2, 

as shown in the equation below: 

(amount of drug per m2 of body surface area) x (body 

surface area in m2) = dose for an individual for a 24-hour 

period. 

The body surface area (BSA) may be determined from no

mograms relating height and weight in dosage handbooks. 

The BSA for adult and pediatric patients may also be deter

mined using the following equations: 

BSA (m2) = square root of {[Height (in) x Weight (lb)]/ 

3131} 

or 

BSA (m2) = square root of {(Height (cm) x Weight (kg)]/ 

3600}. 
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EXAMPLE-

Rx for Spironolactone Suspension 25 mg/tsp. Sig: 9 mg 
BID for an 18 month-old child who weighs 22 lbs. 

The USP DI 2002, 22nd ed., states that the normal pedia
tric dosing regimen for Spironolactone is 1 to 3 mg per kg 
per day. In this case, the weight of the child is 22 lbs, which 
equals 22 lbs/(2.2 lbs/kg)= 10 kg. Therefore the normal 
dose for this child is IO to 30 mg per day and the dose or
dered is 18 mg per day as a single dose or divided into 2 to 4 
doses . The dose is acceptable based on published dosing 
guidelines. 

PERCENTAGE CONCENTRATIONS 

Percentage concentrations of solutions are usually ex
pressed in one of three common forms : 

Volume of solute Volumepercent(v/v) = -------x 100% 
Volume of solution 

W . h ( I ) WeightofsolutexlOO¾ e1g t percent w w = ---"'---------
Weight of solution 

Weight in volume percent (w/v) = Weight of solute (in g) x I 00% 
Weight of solution (in rnL) 

See also Percentage Measurements under Concentrations in 
the General Notices. The above three equations may be used 
to calculate any one of the three values (i.e. , weights, vol
umes, or percentages) in a given equation if the other two 
values are known. 

Note that weights are always additive, i.e., 50 g plus 25 g 
= 75 g. Volumes of two different solvents or volumes of sol
vent plus a solid solute are not strictly additive. Thus 50 mL 
of water + 50 mL of pure alcohol do not produce a volume 
of I 00 mL. Nevertheless, it is assumed that in some pharma
ceutical calculations, volumes are additive, as discussed be
low under Reconstitution of Drugs Using Volumes Other 
than Those on the Label. 

EXAMPLES-

! . Calculate the percentage concentrations (w/w) of the 
constituents of the solution prepared by dissolving 
2.50 g of phenol in I 0.00 g of glycerin. Using the 
weight percent equation above, the calculation is as fol
lows. 

Total weight of the solution= I 0.00 g + 2.50 g = 12.50 
g. 

Weight percent of phenol= (2.50 g x !00%)/12.50 g = 
20.0% of phenol. 

Weight percent of glycerin= (IO g x I 00%)/12.50 g = 
80.0% of glycerin. 

2. A prescription order reads as follows: 

Eucalyptus Oil 3% (v/v) in Mineral Oil. 

Dispense 30.0 mL. 

What quantities should be used for this prescription? 
Using the volume percent equation above, the calcula

tion is as follows. 

Amount of Eucalyptus Oil: 

3% = (Volume of oil in mL/30.0 mL) x 100% 

Solving the equation, the volume of oil = 0.90 mL. 

Amount of Mineral Oil: 

To 0.90 mL of Eucalyptus Oil add sufficient Mineral 
Oil to prepare 30.0 mL. 
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3. A prescription order reads as follows : 

Zinc oxide 7.5 g 

Calamine 7.5 g 

Starch 15 g 

White petrolatum 30 g 

Calculate the percentage concentration for each of the 

four components. Using the weight percent equation 

above, the calculation is as follows. 

Total weight = 7.5 g + 7.5 g + 15 g + 30 g = 60.0 g. 

Weight percent of zinc oxide = (7 .5 g zinc oxide/60 g 

ointment) x 100% = 12.5%. 

Weight percent of calamine = (7 .5 g calamine/60 g oint

ment) x 100% = 12.5%. 

Weight percent of starch = (15 g starch/60 g ointment) 

X ]00% = 25%. 

Weight percent of white petrolatum = (30 g white pet

rolatum/60 g ointment) x 100% = 50%. 

SPECIFIC GRAVITY 

The definition of Specific Gravity is usually based on the 

ratio of weight of a substance in air at 25 ° to that of the 

weight of an equal volume of water at the same temperature. 

The weight of I mL of water at 25° is approximately I g. 

The following equation may be used for calculations. 

Specific Gravity = (Weight of the substance )/(Weight of an 

equal volume of water) 

EXAMPLES-

!. A liquid weighs 125 g and has a volume of 110 mL. 

What is the specific gravity? 

The weight of an equal volume of water is 110 g. 

Using the above equation, specific gravity = 125 g/110 

g = 1.14. 

2. Hydrochloric Acid NF is approximately 37% (w/w) 

solution of hydrochloric acid (HCI) in water. How 

many grams ofHCl are contained in 75 .0 mL ofHCl 

NF? (Specific gravity of Hydroch loric Acid NF is 

1.18.) 

Calculate the weight of HCl NF using the above equa

tion . 

The weight of an equal volume of water is 75 g. 

Specific Gravity 1.18 = weight of the HCl NF g /75.0 g. 

Solving the equation, the weight ofHCl NF is 88.5 g. 

Now calculate the weight of HCl using the weight per

cent equation. 

37.0 % (w/w) = (weight of solute g/88.5 g) x 100. 

Solving the equation, the weight of the HCl is 32.7 g. 

DILUTION AND CONCENTRATION 

A concentrated solution can be diluted . Powders and 

other solid mixtures can be triturated or diluted to yield less 

concentrated forms. Because the amount of solute in the di

luted solution or mixture is the same as the amount in the 

concentrated solution or mixture, the following relationship 

applies to dilution problems: 

The quantity of Solution 1 (Q 1) x concentration of Solution 

1 (C1) = the quantity of Solution 2 (Q2) x concentration of 

Solution 2 ( C2) , or 

(Q1)(C1) = (Q2)(C2). 

Almost any quantity and concentration terms may be used. 

However, the units of the terms must be the same on both 

sides of the equation. 

EXAMPLES-

! . Calculate the amount (Q2) , in g, of diluent that must be 

added to 60 g of a 10% (w/w) ointment to make a 5% 

(w/w) ointment. 
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Using the above equation, 

60g x 10% = (Q2) x 5% (w/w) 

Solving the above equation, the amount of~ pro

duct needed, Q2, is 120 g. The initial amount of~ 

product added was 60 g, and therefore an additional 60 

g of diluent must be added to the initial amount to give 

a total of 120 g. 

2. How much diluent should be added to 10 g of a tritura

tion ( 1 in 100) to make a mixture that contains 1 mg of 

drug in each 10 g of final mixture? 

Determine the final concentration by first converting 

mg to g. One mg of drug in 1 0g of mixture is the same 

as 0.001g in 10 g. 

Let (Q1) = 10 g, (C1) = (1 in 100), and (C2) = (0.001 in 

10). 

Using the equation for dilution, 10g x (1/100) = (Q2) g 

X (0.001/10). 

Solving the above equation, (Q2) = 1000 g. 

Because 10 g of the final mixture contains all of the 

drug and some diluent, ( 1000 g - 10 g) or 990 g of dil

uent is required to prepare the mixture at a concentra

tion of 0.001 g of drug in 10 g of final mixture. 

3. Calculate the percentage strength of a solution obtained 

by diluting 400 g mL of a 5.0% solution to 800 g mL . 

Let (Q1) = 400 g mL, (C1) = 5%, and (Q2) = 800 g mL. 

Using the equation for dilution, 400 mL x 5% = 800 g 

mL x (C2)%. 

Solving the above equation, (C2) = 2.5% (w/v). 

USE OF POTENCY UNITS 

See Units of Potency in the General Notices . 

Because some substances may not be able to be defined 

by chemical and physical means, it may be necessary to ex

press quantities of activity in biological units of potency. 

EXAMPLES-

! . One mg of Pancreatin contains not less than 25 USP 

Units of amylase activity, 2.0 USP Units of lipase activ

ity, and 25 USP Units of protease activity. If the patient 

takes 0.1 g (100 mg) per day, what is the daily amylase 

activity ingested? 

1 mg of Pancreatin corresponds to 25 USP Units of 

amylase activity. 

100 mg of Pancreatin corresponds to 100 x (25 USP 

Units of amylase activity) = 2500 Units. 

2. A dose of penicillin G benzathine for streptococcal in

fection is 1.2 million units intramuscularly. If B4ei-H-ift 

b-A a specific product contains 1180 units per mg, 

how many milligrams would be in the dose? 

1180 units of penicillin G benzathine are contained in I 

mg. 

I unit is contained in 1/1180 mg. 

1,200,000 units are contained in (1,200,000 x 1 )/1180 

units= 1017 mg. 

BASE VS SALT OR ESTER FORMS OF DRUGS 

Frequently the base form of a drug is administered in an 

altered form such as an ester or salt for stability or other rea

sons such as taste or solubility. This altered form of the drug 

usually has a different molecular weight (MW), and at times 

it may be useful to determine the amount of the base form of 

the drug in the altered form. 
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EXAMPLES-

!. Four hundred milligrams of erythromycin ethylsucci

nate (molecular weight, 862.1) is administered. Deter

mine the amount of erythromycin (molecular weight, 

733.9) in this dose. 

862.1 g of erythromycin ethylsuccinate corresponds to 

733.9 g of erythromycin. 

I g of erythromycin ethylsuccinate corresponds to 

(733.9/862.1) g of erythromycin. 

0.400 g erythromycin ethylsuccinate corresponds to 

(733.9/862.1) x 0.400 g or 0.3405 g of erythromycin. 

2. The molecular weight of testosterone cypionate is 

412.6 and that of testosterone is 288.4. What is the dose 

of testosterone cypionate that would be equivalent to 

60.0 mg of testosterone? 

288.4 g of testosterone corresponds to 412.6 g of testos

terone cypionate. 

1 g of testosterone corresponds to 412.6/288.4 g of tes

tosterone cypionate. 

60.0 mg or 0.0600 g of testosterone corresponds to 

(412.6/288.4) x 0.0600 = 0.0858 g or 85 .8 mg of tes

tosterone cypionate. 

RECONSTITUTION OF DRUGS USING VOLUMES OTHER THAN 

THOSE ON THE LABEL 

Occasionally it may be necessary to reconstitute a powder 

in order to provide a suitable drug concentration in the final 

product. This may be accomplished by estimating the vol

ume of the powder and liquid medium required. 

EXAMPLES-

!. If the volume of 250 mg of ceftriaxone sodium is 0.1 

mL, how much diluent should be added to 500 mg of 

ceftriaxone sodium powder to make a suspension hav

ing a concentration of 250 mg per mL? 

l mL =2mL. 
500 mg x 250 mg 

2. Volume of 500 mg of ceftriaxone sodium = 

500 
0.lmL 0 2 L 

mg x---= . m 
250 mg 

3. Volume of the diluent required= (2 mL of suspension) 

- (0.2 mL of Ceftriaxone Sodium) = 1.8 mL. 

4. What is the volume of dry powder cefonicid, if2.50 mL 

of diluent is added to l g of powder to make a solution 

having a concentration of 325 mg per mL? 

Volume of solution containing I g of the powder = 

f ti 
.. d 1000 mg 

I g o ce omc1 x 
l g 

x I mL of solution = 3_08 m
L 

325 mg of cefonicid 

Volume of dry powder cefonicid = 3.08 mL of solution -

2.50 mL of diluent = 0.58 mL. 

ALLIGATION ALTERNATE AND ALGEBRA 

Alligation-Alligation is a rapid method of determining 

the proportions in which substances of different strengths 

are mixed to yield a desired strength or concentration. Once 

the proportion is found, the calculation may be performed to 

find the exact amounts of substances required . Set up the 

problem as follows: 

I. Place the desired percentage or concentration in the 

center. 
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2. Place the percentage of the substance with the lower 
strength on the lower left-hand side. 

3. Place the percentage of the substance with the higher 
strength on the upper left-hand side. 

4. Subtract the desired percentage from the lower percen
tage, and place the obtained difference on the upper 
right-hand side. 

5. Subtract the higher percentage from the desired percen
tage, and place the obtained difference on the lower 
right-hand side. 

The results obtained will determine how many parts of the 
two different percentage strengths should be mixed to pro
duce the desired percentage strength of a drug mixture. 

EXAMPLES-

1. How much ointment having a 12% drug concentration 
and how much ointment having a 16% drug concentra
tion must be used to make I kg of a preparation contain
ing a 12.5% drug concentration? 

(higher) 16% 0.5 parts of 16% 

~12.5%/ 
(desired) 

(lower) 12% / ~ 1J parts of 12% 

I 4.0 parts of 12.5%1 

In a total of 4.0 parts of 12.5% product, 3.5 parts of 
12% ointment and 0.5 parts of 16% ointment are 
needed. 

4 parts correspond to I kg or 1000 g. 

1 part corresponds to 250 g. 

3.5 parts correspond to 3.5 x 250 g or 875 g. 

0.5 parts correspond to 0.5 x 250 g or 125 g. 

2. How many mL of20% dextrose in water and 50% dex
trose in water are needed to make 750 mL of 35% dex
trose in water? 

(higher) 50% / 15 parts of 50% 

~35% 
(desired) 

/ ~ 
(lower) 20% ,li parts of 20% 

I 3o parts of35% 1 

In a total of 30 parts of 35% dextrose in water, 15 parts 
of 50% dextrose in water and 15 parts of 20% dextrose 
in water are required. 

30 parts correspond to 750 mL. 

15 parts correspond to 375 mL. 

Thus use 375 mL of the 20% solution and 375 mL of 
the 50% solution to prepare the product. 

Algebra-Instead of using alligation to solve the above 
problems, algebra may be used, following the scheme out
lined below. 

In order to represent the total amount (weights, parts, or 
volumes) of the final mixture or solution, I or a specified 
amount is used. 

Let x be the amount of one portion and [I ( or the specified 
amount) - x] be the remaining portion. Set up the equation 
according to the statement below, and solve. 

The amount in one part plus the amount in the other part 
equals the total amount in the final mixture or solution. 

EXAMPLES-

1. How much ointment having a 12% drug concentration 
and how much ointment having a 16% drug concentra
tion must be used to make I kg of a preparation contain
ing a 12.5% drug concentration? 
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Let 1 kg be the total amount of ointment to be prepared, 

let x be the quantity, in kg, of the 12% ointment, and let 

( 1 - x) be the quantity in kg of the 16% ointment. The 

equation is as follows: 

(12/100) X + (16/ 100)(1 -X) = (12.5/100)(1). 

Solving the equation, x equals 0.875 kg of the 12% 

ointment and (1 -x) equals (1 - 0.875) or 0.125 kg of 

the 16% ointment. 

2. How many mL of20% dextrose in water and 50% dex

trose in water are needed to make 750 mL of 35% dex

trose in water? 

Let x be the volume, in mL, of the 20% solution, and let 

(750-x) be the volume in mL of the 50% solution. The 

equation is as follows: 

(20/1 00)x + (50/100)(750 - x) = (35/100)(750). 

Solving the equation, x equals 375 mL of the 20% solu

tion and (750 -x) equals (750- 375) or 375 mL of the 

50% solution. 

MOLAR, MOLAL, AND NORMAL CONCENTRATIONS 

See Concentrations in the General Notices. 

Molarity-The molar concentration, M, of the solution is 

the number of moles of the solute contained in one liter of 

solution. 

Molality-The molal concentration, m, is the number of 

moles of the solute contained in one kilogram of solvent. 

Normality-The normal concentration, N, of a solution 

expresses the number of milliequivalents (mEq) of solute 

contained in one mL of solution or the number of equiva

lents (Eq, gram-equivalent weight) of solute contained in 

one liter of solution. When using normality, the pharmacist 

must apply quantitative chemical analysis principles using 

molecular weight (MW). Normality depends on the reaction 

capacity of a chemical compound and therefore the reaction 

capacity must be known. For acids and bases, reaction ca

pacity is the number of accessible protons available from, or 

the number of proton binding sites available on, each molec

ular aggregate. For electron transfer reactions, reaction ca

pacity is the number of electrons gained or lost per 

molecular aggregate. 

EXAMPLES-

!. How much sodium bicarbonate powder is needed to 

prepare 50.0 mL of a 0.07 N solution of sodium bicar

bonate (NaHC03)? (MW of NaHC03 is 84.0 g per 

mo!.) 

In an acid or base reaction, because NaHC03 may act as 

an acid by giving up one proton, or as a base by accept

ing one proton, one Eq ofNaHC0 3 is contained in each 

mole ofNaHC03. Thus the equivalent weight ofNaH

C03 is 84 g. [NOTE-The volume, in liters, x normal

ity of a solution equals the number of equivalents in the 

solution.] 

The number of equivalents of NaHC03 required= 

(0.07 Eq/L)(50.0 mL/1000 mL /L) = 0.0035 equiva

lents . 

1 equivalent weight is 84.0 g. 

0.0035 equivalents equals 84.0 g/Eq x 0.0035 Eq = 

0.294 g. 

2. A prescription calls for 250 mL of a 0.1 N hydrochloric 

acid (HCl) solution. How many mL of concentrated hy

drochloric acid are needed to make this solution? 

[NOTE-The specific gravity of concentrated hydro

chloric acid is 1.18, the molecular weight is 36.46 

and the concentration is 37.5% (w/w). Because hydro

chloric acid functions as an acid and reacts by giving up 

one proton in a chemical reaction, 1 Eq is contained in 

each mole of the compound. Thus the equivalent 

weight is 36.46 g.] 
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The number of equivalents of HCl required is 0.250 L 
x 0.1 N = 0.025 equivalents. 

I equivalent is 36.46 g. 

0.025 equivalents correspond to 0.025 Eq x 36.46 g/ 
Eq = 0.9115 g. 

3 7 .5 g of pure HCI are contained in I 00 g of concen
trated HCI. 

Thus I g of pure HCI is contained in (100/37.5) g = 
2.666 g of concentrated acid, and 0.9115 g is contained 
in (0.9115 x 2.666) g or 2.43 g of concentrated acid. 
In order to determine the volume of the supplied acid 
required, use the definition for specific gravity as 
shown below. 

Specific gravity= (weight of the substance)/(weight of 
an equal volume of water). 

1.18 = 2.43 g/(weight of an equal volume of water) . 
Tke weigAt FBEj:HiFeEI is 2.05e g 0F 2.0e g. The weight of 
an equal volume of water is 2.056 g or 2.06 g, which 
measures 2.06 mL. Thus, 2.06 mL of concentrated acid 
is required. 

lent (Eq). Because the ionization of phosphate depends on 
several factors, the concentration is usually expressed in 
millimoles, moles, or milliosmoles which are described be
low. [NOTE- Equivalent weight (Eq.wt) = wt. ofan atom or 
radical (ion) in g/valence (or charge) of the atom or radical. 
Milliequivalent weight (mEq.wt) = Eq.wt. (g)/1000.] 

EXAMPLES-

!. Potassium (K+) has a gram-atomic weight of39. l 0. The 
valence ofK+ is 1 +_ Calculate its milliequivalent weight 
(mEq wt). 

Eq wt= 39.10 g/1 = 39.10 g 

mEq wt= 39.10 g/1000 = 0.03910 g = 39.10 mg 
2. Calcium (Ca2+) has a gram-atomic weight of 40.08. 

Calculate its milliequivalent weight (mEq wt). 
Eq wt= 40.08 g/2 = 20.04 g 

mEq wt.= 20.04 g/1000 = 0.02004 g = 20.04 mg 

NOTE- The equivalent weight of a compound may be de
termined by dividing the molecular weight in g by the pro
duct of the valence of either relevant ion and the number of 
times this ion occurs in one molecule of the compound. 
3. How many milliequivalents of potassium ion (K+) are MlLLIEQUIVALENTS AND MILLIMOLES there in a 250-mg Penicillin V Potassium Tablet? NOTE-This section addresses milliequivalents (mEq) [NOTE-Molecular weight of penicillin V potassium and millimoles (mmol) as they apply to electrolytes for do- is 388.48 g per mo!; there is one potassium atom in sage calculations. 

the molecule; and the valence of K+ is I.] The quantities of electrolytes administered to patients are Eq wt= 388.48 g/[l(valence) x !(number of charges)] usually expressed in terms of mEq. This term must not be = 388.48 g. 
confused with a similar term used in quantitative chemical mEq wt= 388.48 g/1000 = 0.38848 g = 388.48 mg. analysis as discussed above. Weight units such as mg or g (250 mg per Tablet)/(388.48 mg per mEq) = 0.644 mEq are not often used for electrolytes because the electrical of K+ per Tablet. 
properties of ions are best expressed as mEq. An equivalent 
is the weight of a substance (equivalent weight) that sup
plies one unit of charge. An equivalent weight is the weight, 
in g, of an atom or radical divided by the valence of the atom 
or radical. A milliequivalent is one-thousandth of an equiva-

4. How many equivalents of magnesium ion and sulfate 
ion are contained in 2 mL of a 50% Magnesium Sulfate 
Injection? (Molecular weight of MgS0 4 • 7H20 is 
246.48 g per mo!.) 
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Amount of magnesium sulfate in 2 mL of50% Magne

sium Sulfate Injection 

= 2 mLof Injection x 5o g of magnesium sulfate 
l00mLofinjection = lg. 

Eq wt ofMgSO4.7H2O = MW (g)/(valence of specified 

ion x number of specified ions in one mole of salt). 

For the magnesium ion: 

The number of equivalents is calculated as follows: 

246.48/[2(valence) x I (number of ions in the com

pound)]= 123.24 g/Eq of magnesium ion. 

The number of equivalents in I g is I g/ 123 .24 g/Eq = 

0.008114 Eq. 

The number of mEq may be calculated as follows. 

The mEq wt= Eq wt (g)/1000 = (123.24 g/Eq)/1000 = 

0.12324 g. 

The number of milliequivalents of magnesium ion in l 

g is l g/0.12324 g/mEq = 8.1 14 mEq. 

For the sulfate ion: 

The number of equivalents is calculated as follows: 

246.48/[2(valence) x I (number of ions in the com

pound)]= 123 .24 g/Eq of sulfate ion. 

The number of equivalents in 1 g is lg/123.24 g/Eq = 

0.008114 Eq. 

The number of mEq may be calculated as follows . 

The mEq wt= Eq wt (g)/1000 = (123.24 g/Eq)/1000 = 

0.12324 g. 

The number of milliequivalents of sulfate ion in 1 g is 

lg/0 .12324 g/mEq = 8.114 mEq. 

5. A vial of Sodium Chloride Injection contains 3 mEq of 

sodium chloride per mL. What is the percentage 

strength of this solution? (Molecular weight of sodium 

chloride is 58.44 g per mol.) 

1 mEq = I Eq/ 1000 = 58.44 g/ 1000 = 0.05844 g = 

58.44 mg. 

Amount of sodium chloride in 3 mEq per mL = 58.44 

mg per mEq x 3 mEq per mL = 175.32 mg per mL. 

175.32 mg= 17532mg = 17.532g = l ?.S% 
I mL 100 mL I00mL 

Using mols and mmols-

A number of countries have adopted the International 

System of Units and no longer calculate doses using mEq 

as described above, but instead use the terms moles (mo!) 

and millimoles (mmol) . In USP 26-NF 21, the International 

System of Units is used except for the labeling of electro

lytes . 

Definitions-

A mole equals one gram atomic weight or gram molecular 

weight of a substance. 

A millimole equals 1/1000 of a mole. 

EXAMPLES-

!. Potassium (K.) has a gram-atomic weight of 39.10. Cal

culate its weight in millimoles (mmol). 

The weight of one mole is 39. 10 g and the weight in 

millimoles is 39.10 g/1000 =0.0391 g or 39.1 mg. 

2. How many millimoles of Penicillin V are in a tablet that 

contains 250 mg of Penicillin V Potassium? (Molecular 

weight of penicillin V potassium is 388.48 g per mol.) 

The weight of one mole is 388.48 and the weight in 

millimoles is 388.48/1000 = 0.3848 g or 388.48 mg. 

Thus there are 250 mg/388.48 mg/mmol = 0.644 mmol 

of Penicillin V ion per tablet. 
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ISOOSMOTIC SOLUTIONS 

The following discussion and calculations have therapeu

tic implications in preparations of dosage forms intended for 

ophthalmic, subcutaneous, intravenous, intrathecal , and 

neonatal use. 

Cells of the body, such as erythrocytes, will neither swell 

nor shrink when placed in a solution that is isotonic with the 

body fluids. However, the measurement of tonicity, a phy

siological property, is somewhat difficult. It is found that a 

0.9% (w/v) solution of sodium chloride, which has a freez

ing point of - 0.52°, is isotonic with body fluids and is said 

to be isoosmotic with body fluids. In contrast to isotonicity, 

the freezing point depression is a physical property. Thus 

many solutions which are isoosmotic with body fluids are 

not necessarily isotonic with body fluids , e.g., a solution 

of urea. Nevertheless many pharmaceutical products are 

prepared using freezing point data or related sodium chlo

ride data to prepare solutions that are isoosmotic with the 

body fluids . A closely related topic is osmolarity (see Osmo

larity (785 )). 

Freezing point data or sodium chloride equivalents of 

pharmaceuticals and excipients (see Table 1 below) may 

be used to prepare isoosmotic solutions, as shown in the ex

amples below. 

Table 1. Sodium Chloride Equivalents (E) and Freez

ing Point (FP) Depressions for a 1 % Solution of the Drug 

or Excipent 

Drug or Excipient 

Atropine sulfate 

Sodium chloride 

E 

0.13 

1.00 

FP Depression 

0.075 

0.576 

EXAMPLE-

Determine the amount of sodium chloride required to pre

pare 60 mL of an isoosmotic solution of atropine sulfate 

0.5% using the sodium chloride equivalent values and also 

the freezing point depression values. 

Using the sodium chloride equivalent values-

The total amount of substances equivalent to sodium chlo

ride (for a 0.9% solution)= (0.9 g/100 mL) x 60 mL = 0.54 

g. 

The amount of atropine sulfate required= (0.5 g/100 mL) x 

60 mL = 0.3 g. 

I g of atropine sulfate is equivalent to 0.13 g of sodium 

chloride. 

0.3 g atropine sulfate is equivalent to 0.3 x 0.13 g = 0.039 g 

of sodium chloride. 

Thus the required amount of sodium chloride is 0.54 - 0.039 

= 0.501 g or 0.50 g. 

Using freezing point depression values-

The freezing point depression required is 0.52°. 

A 1 % solution of atropine sulfate causes a freezing point de

pression of 0.075 °. 

A 0.5% solution of atropine sulfate causes a freezing point 

depression of 0.075° x 0.5 = 0.0375°. 

The additional freezing point depression required is 0.52° -

0.0375 ° = 0.482°. 

A 1 % solution of sodium chloride causes a freezing point 

depression of 0.576°. 

A (1 %/ 0.576) solution of sodium chloride causes a freezing 

point depression of 1 °. 

A (I %/ 0.576) x 0.482 = 0.836% solution of sodium chlo

ride causes a freezing point depression of 0.482°. 

The required amount of sodium chloride is (0.836 g/100 

mL) x 60 mL. = 0.502 g or 0.50 g. 
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FLOW RATES IN INTRAVENOUS SETS 

Some calculations concerning flow rates in intravenous 

sets are provided below. [NOTE-Examples below are nm 
to be used for treatment purposes.] 

EXAMPLES-

! . Sodium Heparin 8,000 units in 250 mL Sodium Chlo

ride Injection 0.9% solution are to be infused over 4 

hours. The administration set delivers 20 drops per mL. 

What is the flow rate in mL per hour? 

· In 4 hours, 250 mL are to be delivered. 

In 1 hour, 250 mL/4 = 62.5 mL are delivered . 

What is the flow rate in drops per minute? 

In 60 minutes, 62.5 mL are delivered. 

In 1 minute, 62.5 mL/60 = 1.04 mL are delivered. 

1 mL = 20 drops. 

1.04 mL = 1.04 x 20 drops = 20.8 drops. 

Thus in 1 minute, 20.8 or 21 drops are administered. 

2. A 14.5 kg patient is to receive 50 mg of Sodium Nitro

prusside in 250 mL of dextrose 5% in water (D5W) at 

the rate of 1.3 µg per kg per minute. The set delivers 50 

drops per mL. 

Calculate the flow rate in mL per hour. 

The dose for 1 kg is 1.3 µg per minute. 

The 14.5 kg patient should receive 14.5 x 1.3 µg = 
18.85 µg per minute . 

50 mg or 50000 µg of drug are contained in 250 mL of 

D5W. 

18.85 µg are contained in 250 mL x 18.85/50000 = 
0.09425 mL D5W, which is administered every minute. 

In I minute, 0.09425 mL are administered. 

In 1 hour or 60 minutes, 60 x 0.09425 mL = 5.655 or 

5. 7 mL are administered. 

Calculate the flow rate in drops per minute. 

1 mL p1rn,1ides corresponds to 50 drops per minute. 

0.09425 mL plfa,·ides corresponds to 0.09425 x 50 = 
4.712 or 4.7 drops per minute. 

TEMPERATURE 

The relationship between Celsius degrees (°C) and Fah

renheit degrees (°F) is expressed by the following equation: 

9 (0 C) = 5 (°F) - 160, 

in which ° C and ° F are the numbers of Celsius degrees and 

Fahrenheit degrees, respectively. 

EXAMPLES-

! . Convert 77 °F to Celsius degrees . 

9(0 C) = 5(0 F) - 160 

°C = [5(0 F) - 160]/9 = [(5 X 77) - 160]/9 = 25 °C 

2. Convert 30 °C to Fahrenheit degrees. 

9(0 C) = 5(0 F) - 160 

°F = [9(0 C) + 160]/5 = [(9 X 30) + 160]/5 = 86 °F 

The relationship between the Kelvin and the Celsius 

scales is expressed by the equation: 

K= °C+ 273 .1, 

in which Kand °C are the numbers of Kelvin degrees and 

Celsius degrees, respectively. 

APPLICATION OF MEAN KINETIC TEMPERATURE 

See Stability under Pharmaceutical Dosage Forms 

( 1151 ) for the definition of mean kinetic temperature 

(MKT). MKT is usually higher than the arithmetic mean 

temperature and is derived from the Arrhenius equation. 

MKT addresses temperature fluctuations during the storage 

period of the product. The mean kinetic temperature, TK, is 

calculated by the following equation: 
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-!iH 

T = R ' K -t:Jf I Rfi + -t:Jf I RT2 + + -t:Jf I RT, In( e ... e ) 
n 

in which Wis the heat of activation, which equals 83 .144 

kJ per mol (unless more accurate information is available 

from experimental studies); R is the universal gas constant, 

which equals 8.3144 x 10-3 kJ per degree per mol; T1 is the 

average temperature, in degrees Kelvin, during the first time 

period, e.g., the first week; T2 is the average temperature, in 

degrees Kelvin, during the second time period, e.g., second 

week; and T" is the average temperature, in degrees Kelvin 

during the nth time period, e.g., nth week, n being the total 

number of temperatures recorded. The mean kinetic tem

perature is calculated from average storage temperatures re

corded over a one-year period, with a minimum of twelve 

equally spaced average storage temperature observations 

being recorded (see Pharmaceutical Dosage Forms 

( 1151 ). This calculation can be performed manually with 

a pocket calculator or electronically with computer soft

ware. 

EXAMPLES-

! . The means of the highest and lowest temperatures for 

52 weeks are 25 °C each. Calculate the MKT. 

n = 52 

W IR = 10,000 K 

Ti, Ti, ... ,Tn = 25 °C = 273 .1 + 25 = 298.1 K 

R = 0.0083144 kJ K-1moJ- 1 

dH = 83.144 kJ per mol 

-/1H 

R TK = --_-t.H_I_R_Ti_+ ___ t:Jf_.:_1"--Rr-, -+--+---t:Jf-✓ R-r-. 

ln(e e ... e ) 
n 

-10,000K =----~~-52 X e-Mf I Rx298. I 

ln(--52--) 

-10,000K 
=-----~ 

52 X e-33 .5458 

ln(--5-2- ) 

= - l O, OOOK = 298. lK = 25 .0°C 
-33.5458 

The calculated MKT is 25.0 °C. Therefore the con

trolled room temperature requirement is met by this 

pharmacy. [NOTE-If the averages of the highest and 

lowest weekly temperatures differed from each other 

and were in the allowed range of 15 °C to 30 °C (see 

Controlled Room Temperature under Preservation, 

Packaging, Storage, and Labeling in the General No

tices), then each average would be substituted individu

ally into the equation. The remaining two examples 

illustrate such calculations, except that the monthly 

averages are used] 

2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 



Pharmacopeial Forum 
Vol. 29(1) [Jan.-Feb. 2003] IN-PROCESS REVISION 241 

2. A pharmacy recorded a yearly MKT on a monthly ba- these data the MKT may be estimated or it may be cal-

sis, starting in January and ending in December. Each cu lated. If more than half of the observed temperatures 

month , the pharmacy recorded the monthly highest are lower than 25 °C and a mean lower than 23 °C is 

temperature and the monthly lowest temperature, and obtained, the MKT may be estimated without perform-

the average of the two was calculated and recorded ing the actual calculation. 

for the MKT calculation at the end of the year. From 

Table 2. Data for Calculation of MKT 

n Month Lowest Highest Average Average Afi/RT e •MIIRT 

Temperature Temperature Temperature Temperature 

{in °C} {in °C} {in °C} {in K} 

Jan. 15 27 21 

2 Feb. 20 25 22.5 

3 Mar. 17 25 21 

4 Apr. 20 25 22 .5 

5 May 22 27 24.5 

6 June 15 25 20 

7 July 20 26 23 

8 Aug. 22 26 24 

9 Sept. 23 27 25 

JO Oct. 20 28 24 

11 Nov. 20 24 22 

12 Dec. 22 _2_8__ .. 25 

a. To estimate the MKT, the recorded temperatures 

are evaluated and the average is calculated. In this 

case, the calculated arithmetic mean is 22 .9 °C. 

Therefore, the above requirements are met and it 

can be concluded that the mean kinetic temperature 

is lower than 25 °C. Therefore, the controlled room 

temperature requirement is met. 

b. The second approach is to perform the actual cal

culation. 

n = 12 

294.1 34.002 J.710 X 10·15 

295 .6 33.830 2.033 X J0·15 

294.1 34.002 J.710 X 10·15 

295 .6 33 .830 2.033 x 10·15 

297 .6 33 .602 2.551 X J0·15 

293 .1 34.118 1.523 X 10·15 

296.1 33 .772 2.152 X 10·15 

297.1 33 .659 2.41 I X 10·15 

298 .1 33 .546 2.699 X 10·15 

297 .1 33.659 2.41 J X J0·15 

295 .1 33 .887 1.919 X J0·15 

298 .1 33 .546 2.699 X 10·15 

-till 

T = R 
K -Mi / RT, + - Mi / RT2 + + - Mi / RT, 

In( e .. . e ) 
n 

-10,000K 
- /n(l.710 x l0- 15 + 2.033 x 10-15 + !.710xl0- 15 + ... + 2.699 x 10-") 

12 
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-10,000K 
=------

In( 2.585 x 10-
14

) 

12 

= -lO,OOOK = 296.1 IK = 23 .0°C 
-33 .771 

The calculated MKT is 23 .0 °C, so the controlled room 

temperature requirement is met. [NOTE-These data 

and calculations are used only as an example.] 

3. An article was stored for one year in a pharmacy where 

the observed monthly average of the highest and lowest 

temperatures was 25 °C (298 .1 K) , except for one 

month with an average of 28 °C (301 .1 K). Calculate 

the MKT of the pharmacy. 

11 = 12 

-till 

- till 

R 
l l x e-Mf /(Rx298 I) + l x e-Mf /(Rx30l.l) 

In(---------) 
12 

-10,000K = ----------
ln(l I xe-33.546 + l xe-33.212 ) 

12 

-10, 000K = --------'-------:-:-
/n(2.9692 x 10-1 4 +3.7705 x l0-15 ) 

12 

-10,000K 
= - ------

/n(3 .3463 x l0-14) 

12 

-10,000K 
=-------

/n(2.7886xl0-15) 

= -lO,OOOK = 298 .39K=25.29°C 
-33 .513 

The controlled room temperature requirement is not met be

cause the calculated MKT exceeds 25 °C. (See Note in Ex

ample 2 above.),..usn7 
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BRIEFING 

(1209) Sterilization-Chemical and Physicochemicalhtdica
tors and Integrators. This proposed new chapter, which pre
viously appea red in In-Process Revision in 1994 and was 
subsequently cancelled, has been substantially revi sed, with the 
following changes based upon comments received :_ 
(I) The introductory section is expanded to consider the use of 

chemical physicochemical indicators and 111tegrators as alter
nate methods of testing for sterility of paramctncally released 
~d~~; . . 

(2) Class JI medical device approval requirements are mentioned. 
(3) The general section on Physicochemical Integrators 1s sub-

stantially revised and expanded; . . 
(4) The section on Physicochemical integrators 111 Moist Heat 

Sterilization is revised and expanded; 
(5) The section on Physicochemica l Integrators in Eth ylene 

Oxide Sterilization is revised and expanded; and 
(6) Large portions of the last _section of the previous proposal 

were eliminated or moved 11110 the mtroductory po1i1on. 

(AMS: D. A. Porter) RTS- 39331-1 

Add the following: 

•(1209) STERILIZATION
CHEMICAL AND 
PHYSICOCHEMICAL 
INDICATORS AND 
INTEGRATORS 

INTRODUCTION 

The Federal Code of Regulations, Part 211 on Good Man

ufacturing Practices for Finished Pharmaceuticals in section 

21 1.165 states: " There shall be appropriate laborato1y test

ing, as necessary, of each batch of drug product required to 

be free of objectionab le microorganisms." This statement 

has been interpreted to mean that an alternate laborato1y 

control test for sterility is required for any batch load of a 

product that is parametrically released. An appropriate la

boratory test for each batch may be a biological indicator, 

which is included in each batch of product that is terminally 

ster ili zed (see Biological Indica tors for Sterilization 

( l 035 ) ), or a physicochemical indicator or integrator. This 

requirement may also be met by a primaiy product release 

system that includes the documented recording of thern10-

metric meas urements systems that are calibrated with a 

NIST traceabili ty system and that demonstrate a ± 0.5° per

formance capabili ty. 

The presence of this chapter in the USP does not mean 

that chemical indicators and integrators are primary release 

requirements for parametric released product. The recorded 

and documented measurements from established thermo

metric measurement systems and associated process con

tro llers (that have been cal ibrated and used during initial 

and periodic validation studies, as well as in routine produc

tion) can be considered to be primary, product-release sys

tems for parametric release. 

PERFORMANCE 

Performance standards with in lots and between lots of 

physicochemical indicators or integrators from a given man

ufacturer should be consistent. They should not interact 

physically or chemical ly with any container or product 

when placed adjacent to the product for sterilization in the 

sterilizer load, and should not alter the strength, quality, or 

purity of the steri lized article. The safety of personnel hand

ling the physicochemical indicators or integrators should 

also be assessed, and, if need be, appropriate precautions 

should be taken. 

Similar to biologica l indicators, chemical indicators are 

considered Class II devices and require the indicator manu

facturer to obtain a device 51 OK approval prior to commer

cial use. 
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PHYSICOCHEMICAL INDICATORS 

Recorded process engineering data can be supplemented 

by the presence in each sterilized batch of a physicochem

ical indicator. A physicochemical indicator is defined as a 

device that responds in a measurable fashion to one or more 

critical sterilization parameters. 

A number of different kinds of indicators dependent on 

chemical or physicochemical means have been developed 

for monitoring sterilization cycles. Some products are used 

in a sterilization apparatus for monitoring whether the con

tents have been exposed to a selected factor (i.e., tempera

ture) of the particular sterilization cycle, but may not show 

the duration or intensity of such exposure. Chemical and 

physicochemical indicators are used to monitor a physical 

parameter of a sterilization apparatus and can be placed 

on the outside of the packages of articles to be sterilized, 

or they may be distributed within the sterilizer load. In the 

latter case, one can evaluate to some extent the effect of the 

packaging material and configuration of the load on the se

lected parameter. 

PHYSICOCHEMICAL INTEGRATORS 

A physicochemical integrator is defined as a device that 

responds to a sterilization process critical parameter, which 

results in a measurable or quantifiable value that can be cor

related to some standard of microbial lethality. Physico

chemical integrators have been designed to broadly match 

the predictable inactivation of those spore preparations in 

biological indicators that have high and defined resistance 

to the sterilizing agent. 

The manufacturers and users of physicochemical integra

tors should provide data to demonstrate that the labeled per

formance characteristics tests of the integrators are fulfilled 

and that these directly correlate to successful microbiologi

cal validation of known microbial lethality of a validated 

sterilization cycle. 

A physicochemical integrator indicates whether or not the 

critical combination of physical parameters of a validated 

sterilization cycle has been met or exceeded. The integrator 

is not generally used as a substitute for a biological indicator 

in the development and validation of sterilization cycles. An 

indication by a physicochemical integrator that the critical 

combination of physical parameters of a stated sterilization 

cycle has been achieved should not be considered equiva

lent to the inactivation of spores of a variety of biological 

indicators. However, the physicochemical integrator can de

tect whether the sterilization process has been continued for 

too long, at too high a temperature or gas concentration, or 

has been overexposed to radiation. 

The interval between the lower range and the upper range 

of time, or any other designated set of parameters, resembles 

the survival time and kill time window characteristics of a 

biological indicator. This interval should not be wider than 

that desirable for the designated parameter, but may be nar

rower if the manufacturer is able to achieve consistent per

formance over a narrower range. Even where a sterilization 

apparatus with consistent performance is used, cases may 

occur where the determined performance characteristics of 

the integrator differ from the label claims. This could repre

sent a difference between the user's apparatus performance 

and the manufacturer's apparatus used for verifying the la

bel claims. Closer conformity to the label claims may also 

be shown with any highly developed apparatus, such as a 

BIER vessel. 1
•
2 Hence, the integrator requires its own pre-

1 Standard for BIER/Steam Vessels, 27 March 1981, Asso
ciation for the Advancement of Medical Instrumentation 
(AAMD, 3330 Washington Boulevard, Suite 400, Arling
ton, VA 22201-4598. 
2 Standard for BIER/EO Vessels, 27 March 1992, Associa
tion for the Advancement of Medical Instrumentation 
(AAMD, 3330 Washington Boulevard, Suite 400, Arling
ton, VA 22201-4598. 
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cautions in use and has appropriate interpretive criteria with

in its performance characteristics. Tests for performance 

characteristics of physicochemical integrators include deter

mination under applicable defined conditions of(a) the max

imum time of exposure at which all specimens show that no 

adequate exposure to the cycle has occurred, and (b) a mini

mum time of exposure at which all specimens show that 

adequate exposure to the cycle has occurred. An intermedi

ate time of exposure, where about half the number of speci

mens show adequate exposure, would represent a mean time 

of exposure at that temperature for the indicator mark to be 

reached. 

Because an indicator reflects only the interaction of the 

physicai parameters of sterilization, it will not be affected 

by some of the factors that may influence the resistance of 

the microbial load on the products to be sterilized (e.g., pro

geny resistance, spore population, inoculum substrate, oil, 

salts, proteins, or residues or configurations), all of which 

may protect a contaminated area from penetration by the 

sterilizing agent. (Hence, the inappropriateness of these de

vices for cycle development.) There are other factors, how

ever, that may affect a biological indicator that could also 

affect a physicochemical integrator (e.g. , interfering config

uration of a pack in which the integrator was placed, varia

tions in the applied timing or temperature control, or failure 

of the apparatus to reach the set temperature or meet other 

requirements.) 

Defective performance of the sterilization apparatus gen

erally can be ascertained from gauges and from records of 

temperature, pressure, time of exposure, and gas concentra

tion, whichever are applicable . The integrator can only indi

cate inadequate, adequate , or excessive exposure to a 

combination of critical sterilization parameters. Where an 

integrator shows inadequate exposure to the sterilization 

parameters, it is necessary to ascertain whether the gauges 

and recordings reflect accurately the sterilization conditions 

within the sterilization chamber. Variations between sterili

zation vessels, which might affect the efficiency of a se

lected sterilization cycle, might be detectable by parallel 

exposure of several integrators in a number of locations in 

each sterilizer load. 

Physicochemical integrators for steam sterilization are 

designed to react predictably to a particular combination 

of physical sterilization parameters: temperature, steam 

pressure, and time of exposure. Deviation to some extent 

of one or more of these critical parameters, not compensated 

by modification of other parameters, causes the integrator to 

indicate failure to reach the preset integrated limits. 

Physicochemical integrators for ethylene oxide steriliza

tion are designed with similar general principles as the inte

grators for steam sterilization, but to react predictably to the 

particular combination of the physical sterilization para

meters : humidity, temperature, sterilizing gas concentration, 

and time of exposure. Deviation to some extent of one or 

more of these critical parameters, not compensated by modi

fication of other parameters, causes the integrator to indicate 

failure to reach the preset integrated limits. 

Physicochemical integrators have been designed to match 

broadly the predictable inactivation of spore preparations 

that have a high and defined resistance to the sterilizing 

agent. For steam sterilization, a strain of Bacillus stearo

thermophilus is used (see Biological Indicator for Steam 

Sterilization, Paper ~Carrier) and for ethylene oxide 

sterilization, a strain of Bacillus subtilis, subspecies niger 

is used (see Biological Indicator for Ethylene Oxide Steril

ization, Paper ~ Carrier). Since there are no standard 

preparations of these strains, the performance characteristics 

of these physicochemical integrators must be interpreted in 

relation to a specific validated sterilization cycle. 
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,.....,.,,. .............. -.- --



246 IN-PROCESS REVISION 
Pharmacopeial Forum 

Vol. 29(1) [Jan.-Feb. 2003] 

Performance standards within lots and between lots of 

physicochemical integrators from a given manufacturer 

should be consistent. The integrators should not interact 

physically or chemically with container or product when 

placed adjacent to the product for sterilization in the sterili

zer load, and shall not alter the strength, quality, or purity of 

the sterilized article beyond official requirements . Users 

should obtain information from integrator manufacturers 

on whether or not sterilization in the presence of physico

chemical integrators may affect particular articles to be ster

ilized. In addition, safety in using these integrators should 

be verified. 

Moist Heat Sterilization 

The use of steam sterilization physicochemical integra

tors to supplement the information obtained through physi

cal assessment of the critical operating parameters should be 

part of parametric release of moist heat sterilized products. 

These should be designed to enable the assurance that the 

lethality delivery specified for the process has been met or 

exceeded. The consistency of the performance of physico

chemical integrators for moist heat sterilization should be 

assured through the testing of performance characteristics 

that include testing of the performance of the indicator or 

integrator system at various pre-set selected moist heat pro

cesses conditions. 

Critical elements of this type ofphysicochemical integra

tor would include an organic compound sensitive to the 

combination of temperature and steam, a polymeric material 

penetrable by saturated steam, and a wicking device under 

the polymeric material that is in contact with the organic 

compound. As steam passes through the polymeric material, 

the organic compound melts in a predictable fashion in steps 

dependent on the steam temperature during the cycle. The 

liquefied material travels along the wick for a distance that 

can be measured on a scale. This organic compound has a 

stated melting temperature range. Some integrators may, for 

example, have melting ranges of 132.2° to 134.5° or of 

13 7 .0° to 142.0°. Other melting ranges could also be speci

fied so as to indicate the sterilization parameters to which it 

has actually been exposed. The combination of the steriliza

tion parameters, applied for the exposure time required for a 

stated moist heat sterilization cycle, is indicated on the front 

of the article by the linear travel of the melt. 

These types of physicochemical integrators can also be 

used for so-called "flash" moist heat sterilization cycles 

in which the successive steps of the sterilization process 

are rapidly carried out in such a manner as to achieve the 

required lethality for the validated process. Other types of 

physicochemical integrators for moist heat sterilization 

can be used if they are also calibrated against a specified va

lidated moist heat sterilization cycle. 

Ethylene Oxide Sterilization 

Physicochemical integrators for ethylene oxide steriliza

tion should be designed to match broadly the predictable in

activation of spore preparations that have a high and defined 

resistance to ethylene oxide sterilization. The inactivation of 

spores of a strain of Bacillus subtilis, subspecies niger, can 

be used as a model, although other spores ofrelevant micro

organisms can also be used. The critical elements of physi

cochemical integrators for ethylene oxide sterilization are a 

base with an organic compound along a linear indicator strip 

sensitive to a combination of temperature, humidity, and 

sterilizing gas concentration. Where the organic compound 

is exposed to a sterilizing gas mixture at a specific tempera

ture and humidity, a chemical reaction triggers the appear

ance of a color along the linear indicator bar. This is 

dependent on the time of exposure under the conditions of 

ethylene oxide sterilization in a predictable fashion . The ab-
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sence of fading or of decolorization of the indicator bar for a 

stated period after the sterilization cycle has been completed 

would confirm adequate humidification in the cycle. The in

tegrator should be capable of detecting deviations from the 

prescribed parameters of temperature, sterilizing gas con

centration, humidity, and time of exposure that may affect 

sterilization. It does not show the required reactions if ex

posed to reduced amounts of gas concentration, tempera

ture, and humidity, even if exposed for prolonged periods. 

Other types of physicochemical integrators for ethylene 

oxide sterilization based on different principles or mechan

isms of integration of critical parameters of sterilization 

could be used if they are also calibrated against a specified 

validated ethylene oxide sterilization cycle. 

The consistency of performance of physicochemical inte

grators for ethylene oxide sterilization has to be assured 

through the testing of performance characteristics at various 

pre-set selected times for a given ethylene oxide sterilization 

cycle. 1,. USP27 

BRIEFING 

(1222) Terminally Sterilized Pharmaceutical Products

Parametric Release, page 5074 of PF 23(6) [Nov.- Dec. 1997]. 

This proposed new chapter, which previously appeared in Pharma

copeial Previews, is now forwarded to In-Process Revision, with 

the following changes based upon comments received: 

( I) All references to "sterility assurance level" (SAL) have been 

restated using the correct positive exponent notation as part of 

a clarification of the SAL concept; 

(2) A section is added discussing three categories of general 

methods used for terminal sterilization (bioburden-based pro

cess, biological indicator/bioburden combined process, over

kill process); 
(3) The discussion pertaining to critical aspects of biological in

dicators used for sterilization validation has been expanded 

and clarified; 
(4) The discussion regarding the Sterilization Microbiology Con

trol Program has been expanded and clarified; 

(5) The section on Physicochemical Indicators and Integrators 

has been removed and incorporated into the proposed chapter 

Sterilization-Chemical and Physicochemical Indicators and 

Integrators ( 1209); and 

(6) The discussion ofphysicochemical indicators under Modes of 

Sterilization (both for moist heat sterilization and ethylene 

oxide sterilization) has been removed and incorporated into 

the proposed chapter (1209). 

(AMB: D.A. Porter) RTS- 39331-2 

Add the following: 

•(1222) TERMINALLY 
STERILIZED 
PHARMACEUTICAL 
PRODUCTS-PARAMETRIC 

RELEASE 

INTRODUCTION 

Teffflinally sterili:z;ed pr0d1:1ots ha'l'e at least a stefility as 

s1:1ranoe le•,el (SAq ef 10~. This is deffiensa:ated thr01:1gh 

1,·alidati0n ef o;·eles 1:wing ph;·sieel and ffiiOF00i0l0gioel ep 

13rneohes. PBFBffiOtFio rnloese is defined es t!,o Foleeso ef 

teffflinall;· steFili2ed eetohes en tl,e eesis ef ffieeting t!,e ofi 

tieel pereffieteFs ef storili2eti0n vt'ith01:1t heYing te peFfefffl 

the req1:1iFOffients undeF Sterility Tests (++). PereffietFio Fe 

lease is a pessieility when the fftede ef sterili2aHon is 'l'el)' 

well 1:1nderst0od, tl,e 13h;·sieel pereffietoFs ef pFeoessing BFe 

well eofinod, preeioteelo, and ffieas1:1ra0le, and tflo o;·olo !,as 

seen ffiioF00i0l0gieell:r Yelideted thF01:1gh the 1:1se ef e13pr0 

pFiete 0i0l0gieel indieeteFs. There ere e n1:1rnber ef teffflinal 

sterili2eti0n 13r0oossos that q1:1elify fer pereffietFio release. 

Hewever, if tested, en;· eernpendiel ertiele seld in the mer 

!Eetpleoo ffil:ISt 00 steFile and ffil:ISt 13ess tho Feq1:1iFoffients in 

tl,e generel test ehe13ter Sterilit;· Tests (++)~ Terminally ster

ilized products represent the lowest risk category of sterile 

pharmaceutical products. Unlike products aseptically man

ufactured in a microbiologically controlled environment, 

terminally sterilized products are treated in a microbially 

lethal process. The processes used to render terminally ster

ilized products free of microbial contamination are known 
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to provide a degree of product safety when properly devel

oped and validated. The use of parametric release for moist 

heat and ethylene oxide sterilization processes requires prior 

FDA approval. 

Terminally sterilized products must have a probability of 

nonsterility (PNS) of not more than one in a million units 

produced. This is often stated as a PNS of 10"°, or as a Steri

lity Assurance Level (SAL) of 106. A SAL of I 06 means that 

the probability of product bioburden surviving the steriliza

tion process in any single unit of product is less than one in 

one million. The proof that a terminally sterilized product 

complies with the 106 SAL can be accomplished by several 

different sterilization cycle development approaches. The 

proper application of these methods requires extensive 

scientific knowledge regarding the sterilization method se

lected for use with a specific product. 

The general methods used for terminal sterilization pro

cess development fall into three categories: 

1. Bioburden based process. 

2. Biological indicator/bioburden combined process. 

3. Overkill process. 

The bioburden based process is not frequently used, and 

requires extensive knowledge of product bioburden. This 

method requires that at least a I 06 SAL be attained for bio

burden by the sterilization process. This means that if the 

product bioburden action level is 10 microorganisms or 

one logarithm, at least seven logarithms ofbioburden must 

be inactivated to assure a 106 SAL. The bioburden based 

method requires the user to develop suitable critical control 

points within the process to control the bioburden titer. Pro

ducts that readily permit bioburden survival require more 

controlled manufacturing environments and more precise 

in-process control. This process is better suited for cycle de

velopment for clean or ultra-clean products containing less 

than l O microbes per unit with a low frequency of Bacillus 

sp. bioburden. Also, this process may be necessary to permit 

terminal sterilization of a product that may potentially lose 

key qualities or attributes as a result of a more rigorous ster

ilization process. 

Certain bioburden processes may include products that 

may be inherently antimicrobial or that can withstand more 

lethal sterilization processes. Products in this category will 

require correspondingly less rigorous control of the manu

facturing process and less restrictive in-process control 

points. The microbiologist may find that formal hazard ana

lysis procedures, such as Hazard Analysis Critical Control 

Point (HACCP), are useful in establishing appropriate man

ufacturing control conditions and in-process control para

meters. 

The biological indicatorlbioburden combined process is 

generally used when the manufacturer desires a sterilization 

process that demonstrates the inactivation of high numbers 

of biological indicator microorganism known to be resistant 

to the process. While the manufacturer may have preferred 

utilizing an overkill process, potential loss of some product 

attributes may occur in an overkill process thereby necessi

tating the use of a biological indicator/bioburden combined 

process. This process requires knowledge of the bioburden 

load on and in product, and a database relative to the steril

ization resistance of the bioburden. The relative resistance 

of the selected biological indicator to that of the bioburden 

must be established on or in the product. Frequently, bio

logical indicator counts of approximately 106 spores per in

dicator are used in the development of such processes. 

Fractional exposure cycles are generally conducted to deter

mine the relative sterilization resistance (or D value) be

tween product inoculated with the biological indicator 

microorganism(s) and frequently encountered bioburden. 
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This process is frequently used for sterilization cycle devel

opment by manufacturers of terminally sterilized parenteral 

products and ethylene oxide sterilization of medical devices . 

The overkill process is frequently used when the article 

being sterilized is completely inert to the sterilizing agent 

and sterilization cycle conditions without any concern for 

loss of product attributes or quality. When using this pro

cess, some bioburden knowledge should be available, espe

cially product bioburden count data, and knowledge 

concerning the prevalence of spore formers . The database 

for this process need not be as extensive as bioburden data 

required for the bioburden process or the biological indica

tor/bioburden process. Generally, process resistant bio

logical indicators containing approximately 106 spores are 

used to establish the end point of the sterilization process. 

This process is then doubled to provide a 1012 SAL for 

the biological indicator. The premise is that this process will 

exceed the requirements necessary to inactivate bioburden 

to a I 06 SAL. This process is frequently used to sterilize cer

tain fabricated metal components, tools, and equipment ster

il ized prior to use in an aseptic processing area. 

Parametric release is defined as the release of terminally 

sterilized batches or lots of sterile products based upon the 

compliance with the defined critical parameters of steriliza

tion without having to perform the requirements under 

Sterility Tests (71 ). Parametric release is a possibility when 

the mode of sterilization is very well understood, the physi

cal parameters of processing are well defined, predictable, 

and measurable, and the lethality of the cycle has been mi

crobiologically validated through the use of appropriate bio

logical indicators or, in the case of ionizing radiation, the 

appropriate microbiological and dosimetric tests. It should 

be expected that the regulatory agencies evaluating submis-

sions including the use of parametric product release would 

insist upon a well supported scientific rationale for the ster

ilization process and well documented validation data. The 

agencies would need assurance that any marketed sample of 

product will be sterile and would pass the requirements for 

sterility as found in the general chapter Sterility Tests (71) . 

It is important to consider the limitations of the Sterility 

Tests (71 ) in the evaluation of terminally sterilized products. 

The sterility test described in chapter (71 ) is limited in its 

sensitivity and is statistically ill-suited to the evaluation of 

terminally sterilized products given the exceedingly low 

probability of contaminated units. Therefore, once a steril

ization process is fully validated and operates consistently, a 

combination of physical sterilization data such as accumu

lated lethality or dosimetry in combination with other meth

ods, such as biological indicators or physicochemical 

integrators, can provide more accurate information than 

the sterility test regarding the release of terminally sterilized 

product to the marketplace. 

There are four modes of sterilization that theoretically and 

practically could qualify for parametric release: moist heat, 

dry heat, ethylene oxide, and ionizing radiation sterilization. 

Tkese modes of sterilizatioH, ko 11Ye1,rer, rei:ittire speeiae 

atttkorizatioH from tke Food aHd Drttg AdmiHistrntioH. 

Moist keat sterilizatioH me)' ee ttsed for lii:tttid paermeeett 

tieel prodttets, vlkile radietioH end etlt~•leHe oKide steriltze 

~OH is geHerell)' ttsed for powders, ointmeHts, eHd ereems. 

This information chapter first will cover the general issues 

related to parametric release, regardless of the mode of ster

ilization, and then discuss some specific modes of steriliza

tion. The chapter will not address the parametric release of 

terminally sterilized medical devices . 
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GENERAL REVIEW 

Validation of Sterilization Process 

Parametric release first requires that the chosen steriliza

tion process be designed and validated to achieve a I 06 SAL 

ef--l..G-6 relative to the inactivation of bioburden. Validation 

of a sterilization process includes the validation of physical 

parameters of the process and of its microbiological effec

tiveness through the use of biological indicators. geetntse 

the tiredieability of effeeti>,·ef!ess of the sterili2atiofl tiroeess 

is associated with the flt1fflber af!d resistaHee offflieroorgaf! 

isms Of! or ifl a flFOdt1et, Of!O of the eOfflflOflOHts oftiarametrie 

releage is af! aetiYe sterili,mtiofl microbiology tirogram. 

Widely recognized biological indicator organisms are used 

in the validation of moist heat process, because they provide 

a means of comparing physically measured lethality data 

with biological lethality. There should be a reasonable 

correlation between physically measured lethality data 

(Fo) 1 and biological lethality as determined by the evalua

tion of the process with biological indicators. 

Because the predictability of effectiveness of bioburden 

based terminal sterilization is associated with the number 

and resistance of microorganisms on or in a product, one 

of the components of parametric release is an active sterili

zation microbiology control program to monitor the count 

and sterilization resistance of product bioburden. Bio burden 

control and enumeration is of far less significance when the 

overkill process design is used. In many cases, overkill pro

cesses do not require extensive ongoing assessment of bio

burden and require less in-process control of the 

manufacturing environment. 

Fo is defined as the calculated equivalent microbial lethal
\ty at ) 21 .1 ° when using a biological indicator microorgan
ism with a D value of 1.0 minutes and a Z value of I 0.0° in 
the product being sterilized. 

Sterilization Microbiology Control Program 

The purpose of this control program is to ensure that the 

microbiological status of the product, prior to being termin

ally sterilized, has not significantly deviated from the ffli€ffl

biolegieal stattts of the flFOdt1et established microbiological 

control level used for validation of the sterilization process. 

The microbiology control program includes the monitoring 

of the bioburden on or in the product and the monitoring of 

the microbiological status of any necessary containers, clo

sures, or packaging materials. Also included is a program to 

evaluate the microbiological status of the environment 

where the product is processed. The control program is par

ticularly important in cases where the terminal sterilization 

is not based on overkill, but rather on the bioburden or com

bined bioburden/biological indicator cycle development ap

proach. In many cases, bioburden control and 

manufacturing environmental monitoring will not be re

quired for overkill process designs, where the F0 of the pro

cess is at least 12 minutes. In other cases, even when 

overkill processes are employed, some limited monitoring 

will be needed. Monitoring of overkill processes for biobur

den is generally required only in cases where the product is 

supportive of microbial growth, and, therefore, biological 

amplification of any bioburden is likely. Of particular con

cern in this case is the potential for the product to be con

taminated with microbial toxins or to be degraded by 

microorganisms. 

The frOEJ:t!Of!O)' of fflOflitoriflg will detiefld Of! the Yaria 

tiofls of biolmrdeH froffl flOtefltial sot1rees. The flt1mber of 

mieroorgaflisms, their idefltifieatiofl, as 1,1,·ell as their resis 

taf!ee to a SflOeified sterili2atiofl mode shot1ld be eof!sidered 

whef! tiarametrie release of termiHall,· sterili2ed tirodt1et is 

established. 

The frequency of monitoring will depend on the varia

tions of bioburden from potential sources. The number of 

microorganisms, their identification, as well as their resis-
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tance to the specified sterilization mode should be consid

ered when parametric release of terminally sterilized pro

duct is established. Resistance to a specified sterilization 

mode by different species can influence sterilization effec

tiveness, and the determination of sterilization process con

ditions when using the bioburden, or combined bioburden/ 

biological indicator method of cycle development. In the 

bioburden approach to process development, indicator or

ganisms more resistant than typical bioburden may be used, 

although extreme differentials in resistance are not required. 

Information on the performance of biological indicators 

may be found in the general chapter Biological Indica

tors-Resistance Performance Tests (55 ). 

PhysieeeheRtieal htdieafers attd lttfe~Hfers 

The Feeleral Ceele efRegulatiens, Part 211 en Geeel Man 

ufuel:Uring Praetiees for fo,isheel pharmaeeutieals in seetien 

211 .165 states. "There shall be apprepriate laberatef)' test 

ing, as tteeessaf)', ef eael'I batelt ef drag preEluet requireel te 

be free ef ebjeetienable rniereerganisrns." Tltis statement 

ltas been interpreteel te mean tltat an alternate test fer steri 

lir:,1 is requireel for an)' hatel'I leas ef a preeuet tltat is para 

rnetrieall)1 releaseel. An apprepriate laberatef)' test for eaelt 

hatelt ma)' he a hielegieal inElieater, wl'lielt is inelueleel in 

eaelt batelt ef preeluet tl'lat is terminal!)• steriliz:eEl (see BiB 

!Bgiett! hirl,iett~m'!i far S~erUi:::tthB11 (+w-§.), er a pl'lysiee 

elternieal inelieater er integrater. Eaelt pl'lysieeelternieal 

inelieater er integrater l'las ae•,•antages ane Elisael•;e,ntages. 

Perfermanee stanElarels witl'lin lets anel beP1¥een lets ef 

flR)'Sieeelternieal integraters frern a gi,·en rnanufueturer 

slteulel be eettsistent. Tl'le)' sl'leulel net iflteraet pl'lysieali)' 

er eimtieally witl'I an)' eentainer er preeluet wl'len plaeeEl ael 

jaeent te tlte preeluet for steriliz:atien in tlte sterili2er leael, 

ane slteulel net alter o~e strengtl'I, qualit)·, er purit)· ef tlte 

sterili2eEl artiele. Tl'le safe~· ef persennel ltanaling tlte pR)' 

sieeelternieal inElieaters er integraters slteulel alse he as 

sessee, anel, if neee be, apprepriate preeautiens slteule be 

Pl IYSICOCI IB~ 11CA,L b!E>ICATOR 

ReeerEleEl preeess engineeriHg Elate, ean he supplernentee 

b)' the presenee in eaeh sterili2eel hatelt ef a ph)·sieeel'lent 

ieal inelieater. A pR)'Sieeelternieal inelieater is Eleaneel as a 

ele,·iee tltat respenels in a measurable fusltien te ene er mere 

eritieal sterili2ati0n parameters. 

A number ef Elifterent kines ef ine!ieaters, Elepenelent en 

eltentieal er pl'lysieeel'lernieal means, l,e,ye heen Ele,·elepeel 

for rnenitering steriliz:atien S)'eles. Sarne preeluets are useel 

in a steriliz:atien apparal:Us for rnenitering wl'letlter er net tlte 

eentents l,e,ye been eitpeseel te a seleetee fueter (e.g., tern 

perat-ure) ef tl'le partieular steriliz:atien S)•ele hut ma)' net 

slte•nt the Eluratien er intensi~• ef suelt eitpesure. Tl'lese in 

Elieaters ean be plaeeEl en tl'le eutsiele ef tlte paelcages ef ar 

tieles te be sterili2eEl, er tl'le)• ma)' be Elistributeel witl'lin tl'le 

sterili2er leael. In tl'le latter ease, ene ean eYaluate te serne 

entent tl'le effeet ef tl'le f'l'lekaging material anel tl'le eenfig 

umtien ef the leaEl en tlte seleeteel parameter. 

PHYSICOmHiMICAL b!TBGRA+OR 

A pR)1sieeelternieal integrater is Eleaneel as a Ele,•iee that 

respenEls te a steriliz:atien preeess eritieal parameter, wltielt 

results in a rneasurahle er quaeti:aable 1ralue tl'lat ean he ear 

relateel te serne stanelarel ef rnierebial lethalit)'. Physiee 

ehernieal integraters l'la•,•e heen Elesigneel te hreaEll)' reatelt 

tlte preelietable inaeti,·atien ef these spere preparatieas itt 

hielegieal inElieaters that l,e,ye high aeEl Elefiaeel resistanee 

te tlte steriliz:ing agent. 

Tl'le rnanufaetttrers aael users eff'h)•sieeehernieal iategra 

ters sl'leulEl pre;·iEle Elate, te Elernenstrate tl'lat the lal9eleEl per 

formanee eltaraeteristies tests ef tfte iHtegraters are fttlfilleEl 
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attd that these direetly eertelate te s1:1eeessful tHiereeielegi 

eal yalidatiet1 ef IB101,;•t1 tHiereeial lethalit:,· ef a Yalidated 

sterili2latiefl e:,·ele. 

A 13h;1sieeehefl'tieal it1teg;rater it1dieates whether er t1et the 

eritieal eeffleit1atiet1 ef 13h:,·sieal 13araffieters ef a Yalidated 

sterilizatiefl e:,•ele has eeef! ffiet er eneeeded. The i0teg;rater 

is t1et g;et1erally 1:1sed as a s1:1estitt1:te for a eieleg;ieal it1dieater 

ifl the de;•elo13fflet1t at1d ;•alidatiet1 efsterilizatief! e;·eles. A:H 

it1dieatiet1 hy a 13hysieeehetHieal iflteg;i:ater that the eritieal 

eeffleit1atiet1 ef 13h;·sieal 13araffieters ef a stated sterilizatie0 

eyele has eeef! aehio;•ed she1:1ld Bet ee eet1sidered eEJ:1:1i.,1a 

let1t to ifmeti,,·atiofl ofs13ores of a "'ariet:,· ef eioleg;ieal it1di 

eaters. Hewe,,·er, the 13h;·sieeehefflieal it1teg;i:ator eaf! deteet 

whether the sterilizatiofl 13reeess has eee0 either eet1tit11:1ed 

for tee let1g;, at tee hig;h a teffl13eratt1:re or g;as eot1eet1tratiet1, 

er has eeet1 e'i1ere:K13esed te radiatiefl. 

The it1ten·al eetweefl the l01,'t'er rat1g;e at1d the 1:11313er rat1g;e 

eftiffle, or att;· other desigHated set of13araffleters, resefl'teles 

the St:H"vi,,·al tiffle at1d kill titHe wit1do•u eharaeteristies ef a 

eieleg;ieal it1dieater. This it1ten•al she1:1ld Het ee wider that1 

that desiraele for the desig;t1ated f!araffieter, e1:1t ffiay ee Har 

rawer if the ffiat11:1faett1:rer is aele te aehie•,·e oot1sistet1t 13er 

fofff1at1ee e;•er a t1artewer rat1g;e. B;·et1 where a sterilizatiet1 

a13f!arattts with eet1sistet1t 13erfofff1a0ee is 1:1sed, eases ffiB)' 

eeet:1r ,,,,.here l'ae deteffflit1ed f!erfoffflat1ee eharaeteristies of 

the it1teg;rater differ freffi the laeel elaiffls. This ee1:1ld refJre 

set1t a differet1ee eetv .. een the 1:1ser's a1313arattts f!erfoffflat1ee 

and the tHa01:1faett1:rer 's a1313aratt1:s 1:1sed fer Yerif_tit1g; the la 

eel elaiffls. Gieser eonfeffflit)· to the laeel elaiffls ffla:,1 else 

ee sho1,Yfl with at1:,' hig;hl:,· de,,•elef!ed afl13aratt:1s, s1:1eh as a 

BIBR ,1esse1.+ Henee, the it1teg;i:ater reEJ:1:1ires its ewt1 f!reea1:1 

tions ifl 1:1se at1d has a13f!r0fJriate it1te[flreti,1e eriteria within 

1 £tat1dara for BIBR,1£teatH \~ssels, 27 Mareh 1981, Assa 
eiatiet1 for the Ad•,·aneefl'teflt ef Medieal Instftlfflet1tatiot1 
(AAMI). £tat1dard f<lf BIBR/BO \~ssels, 27 Mareh 1992, 
Assoeiatiot1 for the Ad•,·aneefl'teflt of Medieal lnstFUffief!ta 
tiet1 (AAMI), 330 Washing;ten Bet:1le1,·ard, St:1ite 400, Ar 
lit1g;tet1 'h\ 22201 4598. 

its 13erfofff1at1ee eharaeteristies. Tests fer f!erfoffflanee ehar 

aeteristies ef flh:rsieoehefflieal integ;i:aters inel1:1de detefffli 

0atiet1 t:1nder af!fllieaele defit1ed eot1ditiot1s ef (a) the 

fflaltifflt:1ffl tiffle of eltf!es1:1re at •.vhieh all SfleeiffleBs she:w 

that He adeEj_1:1ate eit13es1:1re te the e:,·ele has eee1:1rtea, at1d 

(e) a fflit1ifflt1ffi tiffle ef enf!os1:1re at whieh all SfleeitHeBs 

she•u that adeEj_t:1ate e!tf!esttre te the e:,·ele has eee1:1rred. 

At1 it1teffflediate titHe of enf!est:1re, where aee1:1t half the 

Httfflaer ef s13eeiffleBs she•••' adeEJ:tlate eltf!es1:1re, we1:1ld FSfl 

reset1t a fl'teatt tiffle of mtf!OStlFe at that teffifJeFatttre for the 

it1dieater tHarlc te ee reaehea. 

Beeattse at1 it1dieator rnfleets ot1ly the it1teraetiot1 of the 

13h:,•sieal f!araffieters of sterilizatiot1, it vlill Bot ee affeeted 

e:,· soffle ef the faetors that ffill)' iBflt1et1ee the resistaBee of 

the fflieroeial load OB the flFOd1:1ets to ee sterilized (e.g;., flFO 

g;eBy resistaBee, s13ore flOflt:1latioB, iBoe1:1lt:1ffl s1:1estrnte, oil, 

salts, flFOteit1s , or resid1:1es or eot1fig;ttratiot1s), all of vihieh 

ffla:,1 flFOteet a eoBtatHiBated area froffi 13et1etratiot1 ef the 

sterilizit1g; ag;eBt. There are other faetors, howe;·er, that 

ffiay affeet a eiolog;ieal it1aieator that ee1:1la alse affeet a flh)' 

sieeehefflieal it1teg;rater (e.g;., it1terferit1g; eet1fig;ttratiet1 ef a 

13aelc iB whieh the iBteg;rater •uas fllaeed, •,·ariatieBs iB the 

llflfllied tifflit1g; er teffif!eratttre eet1trel, er foil1:1re ef the llfl 

13aratt1:s te reaeh the set teffif!eratttre er ether reEj_t:1ired f!OFa 

ffieters.) 

Defeeti•,•e f!eFfoFH1at1ee ef the sterili-xatieB a13flaFatt1:s g;et1 

erally ean ee aseertai0ed freffl g;a1:1g;es ana freffl reeeras ef 

teffifJeFatlife, 13resst:1re, tiffle ef mtfl0St:1re, ami g;as eeseet1tra 

tiefl, whiehe¥er are llflfllieaele. The integ;rater ean eBI)' it1di 

eate it1adeEj_t:1ate, adeqt:1ate er eneessiYe eitfJest:1re te a 

eefl'teit1atiet1 ef eritieal sterilizatiet1 f!arnffleters. Where af! 

it1teg;rater shews it1adeqt:1ate eMfl0Stlre te the sterilizatiefl 

flllFaffieters, it is t1eeessaf)' te aseertait1 if the g;attg;es at1d re 

eerdit1g;s refleet aee1:1ratel:,1 the sterilizatieB eet1ditiet1s withiB 

the sterilizatioB ehaffleer. Variatiet1s eetweef! sterilizatieB 
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1t•essels, Yrt1:ieh might offeot the effieieae,• of o seleoteel ster 

ili2otioa e,•ele, might ee eleteetoele a,, porollel 01,posttFe of 

se•,erol iategrotors ia o atimeer of loeotioas ia cock sterili2eF 

Change Control System 

Changes introduced to the sterilization processing equip

ment could result in a significant departure of the initially 

validated parametric release process. It is, therefore, essen

tial that a change control system be instituted. A change 

control system is a formal system with appropriate standard 

operating procedures , which would include approval of 

changes in the sterilization processing equipment. This sys

tem would assess all the changes in relation to the critical 

parameters included in parametric release. The change con

trol system also includes technical and management review 

and "go-no go" hurdles. Ifa change would significantly af

fect any critical parameter, each parameter would have to be 

revalidated in terms of sterility assurance of the pharmaceu

tical product to a minimum 106 SAL ef...W-6. Appropriate 

regulatory notification would also be part of the revalidation 

process. 

Release Procedures 

A quality assurance program should be established that 

describes in detail the batch or lot release steps for para

metric release of sterilized products and the required docu

mentation. Although the assessment of the sterility 

assurance of products is primarily based on measurement 

of physical process parameters, a number of areas should 

be reviewed, documented, and approved for the parametric 

release of these products . These areas can include the fol

lowing: a review of batch records; a review of the ongoing 

microbiological environmental control program results ; a 

review of any process physicochemical or bioburden indica-

tors or integrators; a review of the maintenance status of 

processing equipment, change orders, and deviation control 

records; product bioburden data and any revalidation data; 

and the status of equipment calibration. 

The implementation and practice of parametric release is 

not an intermittent program. Once such a program is imple

mented, release of the sterilized product is made in accor

dance with the requirements of the regulatory approved 

program. Product release by other means is not acceptable 

if the pre-defined critical operational parameters are not 

achieved. 

MODES OF STERILIZATION 

Moist Heat Sterilization 

Moist heat sterilization of pharmaceutical products in

cludes several types of sterilizing environments and steriliz

ing media. Saturated steam, hot water spray, and submerged 

hot water processes are all considered as moist heat steriliz

ing environments. Different processes may be used to ster

ilize products by moist heat, and they include batch-type 

sterilizers and continuous-type sterilizers. 

CRITICAL OPERATING PARAMETERS 

A defined list of key process parameters and their respec

tive operating limits are defined and established in the ster

ilization process specifications . Critical operating 

parameters are those that are absolutely essential to ensure 

product sterilization to a 106 SAL ef-.t.Q-6. Examples of cri

tical operating parameters include, but are not limited to, 

minimum and maximum limits for F0, peak dwell time, 

and process dwell temperature, autoclave chamber pressure, 

rG is elefiaeel os the eoleuloteel equi'>•oleat ffiierneiol lethol 
ity ot 121.1 ° whea usiHg o eiologieol iaelieotoF mieFoorgoa 
ism with o D voltie of 1.0 ffiiautes oael o 3 Yoltie of 10.0° ia 
the pFoeluet eeiag steFili2eel. 
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chamber water level, sterilizing water time above certain de

fined temperature limits, and recirculating pump pressure 

differential. 

Pl EYSIGOGI Gl~GGAL l}ITBGRAfORS 

The 1:1se ofsteaffi sterili2atioR flh)'sieoeheffiieal it1tegrators 

to Sl:lflflleffieRt the iRfefffiatioR oetaiRee tliro1:1gh flh)'sieal as 

sessffieRt of the eritieal Ofleral:iRg fJfifaffieters sho1:1la ae fJfift 

of flBraffletrie release of nwist aeat sterili2ea fJroa1:1ets. 

These sae1:1la ae aesigriea to ffiatea aroaal;• tee flreaietaale 

iRaefr,·atioR of Sfl0Fe flFeflaratioRs of Baei!hxs scea1•e 

che1•mephilus, waieh aas 8 aiga BRS aefiRee resistaRee to 

rRoist aeat. (Otaer Sflore fJrefJaratioRs of relc.,•aRt rRieroor 

gaRisffis, s1:1ea as Bacillus st1btilis ha-.·e also aeeR 1:1sea.) 

Tee eoRsisteRe;· of tee fJerfefffiaRee of flHysieoeaerRieal iR 

tegraters fer rRoist aeat sterili2atioR sho1:1la ee ass1:1red 

tRro1:1gR the testiRg of flerfefffiaRee eRarneteristies that iR 

el1:1ae tes~Rg of the flerfefffiaRee of foe iriaieator or iRtegra 

tor s;•steffi at 1,•ario1:1s pre set seleetea ffiOist Heat fJroeesses 

eORSitiORS. 

Critieal elef!'teRts of this type of flh;·sieoeReffiieal iRtegra 

tor wo1:1ld iReluae BR orgaRie eomflOl:!Rd seRsiti.,·e to tRe 

eoffiaiRatioR oherRfleratl:lre aRd stoaffi, a flOl)'merie ffiaterial 

peRetrable b;• satl:lrated steaffi, aRd a wiekirig deYiee uRder 

the pol)'merio material teat is iR ooRtaet witR tho orgaRio 

ooffipouRa. As steam passes tRrougR tfl.o pol;'fflorio mal:orial, 

tRe orgaRio eomfJOU:tld FRelts iR a preaietab le fashioR iR steps 

deflORdeRt OR tRe steam teFRfleratl:lre duriRg tfl.e e;•ele. TRo 

liquefied FRaterial tra·,ols aloRg ilie vliek for a distaRee tRat 

is ffieasl¼fed OR a soale. TRis orgaRio oompouRd FRa;•, for eil 

a1t1flle, ha,•e a stated FReltiRg teffifJeratl:lre raRge of 132.2° to 

134.5°. TRo eoFRbinatioR oftl½e sterili2atioR paraFReters, ap 

fllied fer tl½e mlposure time required for a stated ffiOist heat 

sterili2atioR e;·ele, is iRdieated OR tRe froRt of the artiele a;• 

the liRoar tra·,·ol of tho FRolt. 

TRese t)'f!eS of pRysiooehoFRioal iRtegrators oaR also be 

used for so sailed "Flasa" ffloist Heat sterili2atioR eyoles 

ifl .irkiek the s-tieeessive stc13s ef tke sterili2otien 13reeess 

are rapidly oarried 01:1t iR suoh a fflaflf!er as to aeRie1,•e tHe 

req1:1irod lot:halit)' fer tee ,•alidated proeess. OtRor t'.,'}30S of 

flRysieoohefflioal iRtegrators for moist Heat sterili2atioR 

oaR be 1:1sod if tao;• are also oalibratod agaiRst a Sfleoi!ied va 

lidatod moist Roat sterili2atioR o;•olo. 

WaeR oritieal Oflemtitm flBraFReters defuied iR the stBR 

dard OflOra~Rg proeedures aRd based on regttlatory appro,•al 

ha1,·o Rot beeR atltl.iried, tRe flroeessed prodl¼et sRould Rot be 

released iR tRe fflarketplaee siflee tao eoaditioHs for flBFa 

ffletrio release aa1,•e Rot beeR atfflifted. 

Ethylene Oxide Sterilization 
The application of parametric release of pharmaceutical 

products sterilized by ethylene oxide is more difficult than 

parametric release of products sterilized by moist heat pro

cesses. Sterilization by ethylene oxide (ETO) has more cri

tical parameters than moist heat sterilization that are 

interrelated and that determine whether, at a minimum, a 

106 SAL ef-1-G~ is obtained when these parameters are 

within the specified limits of a validated cycle. 

CRITICAL OPERATING PARAMETERS 

These critical parameters include the following: tempera

ture, amount of relative humidity present, ethylene oxide 

concentration, overall exposure time, product and load den

sity, and gas permeability factors. 

Parametric release of pharmaceutical products can be 

achieved if an automated measurement system for the criti

cal parameters is employed and sterilization loads are 

closely defined and validated relative to product types, den

sities, packaging materials, and overall load configurations. 

An example of critical factors that would provide for para-
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metric release would be the use of calibrated ETO pressure 

recordings to provide an estimate ofETO concentration dur

ing the process hold time or the use of direct measurement 

of ETO concentration by infrared or gas chromatography. 

Because of variances that might occur in the key parameters 

during sterilization, parametric release is not widely used for 

products sterilized by ETO. 

However, to ensure parametric release, in addition to the 

attainment of critical parameters of ethylene oxide steriliza

tion process, biological indicators (and their sterility testing 

after sterilization processing) or the use of physicochemical 

integrators for ethylene oxide sterilization can be used in 

each sterilized load. 

PIIYSIGOGHloHIGAL l~!TloGRATOR£ 

Pk)'sieeekernieal iategraters fer etk)·leae enide sterilize 

tiea sket:tld ee desigaed te rnaleR ereadl)' tke predietaele iH 

aetiYatiea ef spare preparatieas tlmt REl'>'e a kigk sad deRaed 

resistaaee te etk)·leae mlide sterilizatiea. Tke iaaeti,,·atiea ef 

spares ef a stmia ef BacillN5 5Mh,ili5, s1:1espeeies :tiger, eaa 

ee 1:1sed as a rnedel, altke1:1gk etker Sf'leres efFele,,·aat ll'liere 

ergaaisrns eaa alse ee \ised. 

Tke eritieal elerneats ef pR)'Sieeekernieal iategraters fer 

elR)'ieae eitide sterilizatiea are a ease with aa ergaaie earn 

pel:Hld aleag a liaear mdieater strip seasitiYe le a eerneiaa 

tiea ef lernperat\ire , k1:1rnidit)' , sad steriliziag gas 

eeaeeatratiea. V/kere tke ergaaie ee1t1pe1:1ad is eitpesed te 

El steriliziag gas ffiiltR:tre at El speeiRe teffiperaR:tre sad Rt:t 

1t1idit:,r, a ekernieal reaetiea triggers tke appeaFE1aee ef a eel 

er aleag tke liaear iadieater ear. Tkis is depeadeat ea Ike 

tiffie ef eitpes1:1re 1:1ader tke eeaditieas ef etk)·leae eilide 

sterilizatiea ia a predietaele fuskiea . Tke aeseaee ef fudiag 

er ef deeelerizatiea ef tl=!e iadieater ear fer a stated peried 

after tl=!e sterilizatiea e)·ele l=!as eeea eerapleted wetild eea 

fifffi an adeEJ:l:IElle l=!tirnidiReatiea in tl=!e e)·ele . Tl=!e integrater 

shetild ee eapaele ef deteetiag de·,·iatieas freffl the pre 

serieed parameters efternperatl:lre, steriliziag gas eeaeeatra 

tien, Rlimidit)', and time ef enpesme that FREI)' affeet 

sterilizatien. It dees aet she•..,. the reEJ:1:1ired reaetieas if en 

pesed te red\ieed Elffl9\iHts ef gas eeaeentratiea, teFRpera 

!\ire, sad htimidil)· e'>·ea if ei,pesed fer preleaged perieds. 

Other t)'pes ef ph)·sieeehemieal iategraters fer eth)·leae 

ei,ide sterilizatiea eased ea differeat priaeiples er meel=!aa 

isFRs ef iategratiea ef eritieal paraFReters ef sterilizatien 

eetild ee lised if the)· are alse ealierated agaiflst a speeiRed 

1,·alidated eth)·leae eilide sterihzatiea e)·ele . 

The eeasisteHe)' ef the perfefffianee ef physieeehemieal 

iategraters fer eth)·leae enide sterilizatiea has te ee asstlfed 

tl=!retigh the testing ef perfeffflaaee ehafaeteristies at ·,·arielis 

pre set seleeted time fer a gi,,·ea BTO sterilization e)·ele. 

Radiation Sterilization 

Two radiation sterilizing processes have been used: gam

ma and electron beam sterilization. Some pharmaceutical 

products, either in bulk or in their finished formats, have 

been sterilized by radiation . In discussing the critical para

meters of radiation sterilization necessary for parametric re

lease , it is customary to refer to parametric release as 

dosimetric release. Dosimetric release is provided by the 

use of a chemical dosimeter that measures the delivery of 

a minimum specified radiation dosage , which has been 

shown to provide sterilization of the product to a minimum 

I 06 SAL ef-.H)-6_ 

The use of a dosimeter in gamma radiation sterilization 

deliYers measures delivery ofa minimum absorbed radiation 

dose to a pre-established low dose zone in the irradiated pro

duct carrier. This will require mapping of the profile of ab

sorbed gamma radiation in the product carrier. The lowest 

specified radiation dosage for the process is correlated to 

predictable bioburden reduction levels by any one of the 
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three documented methods .2 Alternative methods can be de

veloped using product bioburden counts and measure of D 

value. The target for the radiation cycle is a minimum I 06 

SAL ef.+G--e relative to the product bioburden. Since the ra

diation cycle is calculated on the basis of the bioburden, do

simetric release should include a batch evaluation of the 

bioburden number and of its radiation resistance. 

Dosimetric release of a radiation sterilized product de

pends on the delivery of at least a minimum dosage; thus, 

the critical operational parameters that govern the delivery 

of that dosage must be within specified limits. These opera

tional critical parameters may include the following: a stack

ing configuration within the radiation carrier, bulk density of 

the product, speed of the conveyor or carrier system, dis

tance to the radiation source, duration of product exposure, 

and appropriate defined adjustments for a decaying radia

tion source. Demonstration of consistency in the absorbed 

radiation dosage at areas of minimum and maximum zones 

of radiation absorption within the fully loaded carriers on a 

batch-to-batch basis is a necessary condition for dosimetric 

release of radiation sterilized pharmaceutical products. 

SUMMARY 

The conversion to parametric release in lieu of product 

sterility testing as described in general chapter Sterility 

Tests (71) requires prior FDA approval. Parametric release 

is advantageous for terminally sterilized products. The ex

tensiveness of data required to establish parametric release 

can result in a more accurate and reliable assessment of the 

probability of nonsterility of product lots than the proce

dures as defined in chapter (71 ) because these lack sensitiv

ity to very low levels of microbial contamination . .._ usm 

2 ANSI/AAMI/ISO 11137-1996, Sterilization of Health 
Care Products-Requirements for Validation and Routine 
Control-Radiation Sterilization, July 11, 1994. 

BRIEFING 

(1223) Validation of Alternative Microbiological Methods, 
page 154 of PF 28(1) [Jan.- Feb. 2002]. This proposed new chap
ter, which previously appeared in Pharmacopeia/ Previews, is now 
forwarded to In-Process Revis ion, with the following changes 
based upon comments received: 
(I) The introductory section is expanded and clarified to take into 

account the special requirements of microbiological test vali
dation relative to the data elements addressed in Validation of 
Compendia/ Methods (1225). 

(2) Tables I and 2 have been deleted. 
(3) The application of the terms "accuracy" and "precision" per

taining to qualitative microbiological tests are clarified. 
(4) Numerous editorial changes are made to simplify the text and 

improve comprehensibility. 

(AMB: D. Porter) RTS-39137-1 

Add the following: 

•(1223) VALIDATION OF 
ALTERNATIVE 
MICROBIOLOGICAL METHODS 

INTRODUCTION 

Mierabialagieal testittg labarataries sametimes 1:1se test 

methaes ether thatt these Eieseribee itt the getteral ehariters 

far mierabial reea,·ef)' atte ieetttifieatiatt far a ·,·ariety afrea 

setts s1:1eh as eeattamies, higher thr01:1ghp1:1t, Etf!S eam•etti 

ettee. Valieatiatt af these s1:1bstit1:1te methaes is rect1:1iree. 

The Tests (I;11dAssrljf5 seetiatt itt the Gc11c1 (I;{ i¥oticcs (I;11d R:c 

ftbtil'Cmc11ts riraYiEies same g1:1ieaaee ea the valieatiaa af al 

temate methaes, eitiag that the methae 1:1aeer eaasieeratiaa 

m1:1st rira,·iee aa ae,·aatage ia aee1:1rae;·, seasiti·rity, rireei 

siatt, seleetiYity, er EtSlif)tability ta Et1:1t0mati0a er e0mp1:1ter 

i2ee Eiata ree1:1eti0a er ether speeial eire1:1mstaaees. The 

seetiaa alsa aates that ia the e·,rettt af a Eiisp1:1te, aaly the re 

s1:1lt abtaiaee by the eamrieaeial test is e0ael1:1si·,·e. 

Prariasee alteraati·,·e tests ffll:ISt be aEie(tl:!Ettely ·,·alieatee. 

Geaernl iaformatiaa ehariter T(a;{i«(I;~i811 tr/ C81'1tpc11di(I;/ 

Ue~heds (~)riraviees g1:1ieattee ea the ·,,alieatiaa af 

ehemieal assays rirapasee far aearitiaa as eamrietteial a-s 
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Slt)'S. It is the pulJ!ese ef H½is geHeFal iHfeRHatieH ehapteF te 

pFe•,ride guidaHee eH Hie dem0Hstfati0H ef the suitability ef 

aaeFHEffi.,,e mieFebielegieal metheEls te be useEl as paFt ef, eF 

iH lieu ef, eempeHdial aSSEt)'S. 

The purpose of this chapter is to provide guidance for the 

validation of methods for use as alternatives to official com

pendia! microbiological methods. For microbial recovery 

and identification, microbiological testing laboratories 

sometimes use alternative test methods to those described 

in the general chapters for a variety of reasons such as eco

nomics, throughput, and convenience. Validation of these 

methods is required. Some guidance on validation is pro

vided in the Tests and Assays section in the General Notices 

and Requirements on the use of alternative methods. The 

section also notes that in the event of a dispute, only the re

sult obtained by the compendia! test is conclusive. 

Validation studies of microbiological methods must take 

into account a large degree of variability. When conducting 

microbiological testing by conventional plate count, for ex

ample, one frequently encounters a range of results that is 

broader than ranges in commonly used chemical assays. 

Many conventional microbiological methods are subject to 

sampling error, dilution error, plating error, and operator er

ror. 

Validation of Compendia! Methods ( I 225 ) defines char

acteristics such as accuracy, precision, specificity, detection 

limit, quantification limit, linearity, range, ruggedness, and 

robustness in their application to chemical and physical test

ing. These definitions are not appropriate for microbiologi

cal method validation as "at least equivalent to the 

compendia! method" because of the comparative nature of 

the question. For example, while the concept of "detection 

limit" has merit in quantitative microbial assays, the critical 

question is whether the alternate method will yield data 

equal to, or of higher quality than, the data generated by 

the conventional method. 

The value of a new or modified method should be demon

strated in a comparison study between the USP compendia! 

method and the alternate method. The characteristics de

fined in this chapter should be used to establish this com

parison. 

TYPES OF MICROBIOLOGICAL TESTS 

It is critical to the validation effort to identify the portion 

of the test addressed by that alternate technology. For exam

ple, there is a variety of technologies available to detect the 

presence of viable cells. These techniques may have appli

cation in a variety of tests (e.g., bioburden, sterility test) but 

may not, in fact, replace the critical aspects of the test en

tirely. For example, a sterility test by membrane filtration 

may be performed according to the compendia! procedure 

up to the point of combining the processed filter with the 

recovery media, and after that the presence of viable cells 

might then be demonstrated by use of some of the available 

technologies (see Tobie 1). Validation of this application 

would, therefore, require validation of the recovery system 

employed rather than the entire test. 

l'lll!le 1. E!t8Htf1les af Teeh1talagies ta DeH1a1tstrete the Pre 
se1tee af Viehle Orge1t isH1s 

Teehn0!0g:,• 

grewth iH lir:tuid eultuFe 

impeElaHee 

ATP bieltlffliHeseeHee 

Jfo.,,,. e;•teFHetF)· 

Appliea~eH 

r:ti:mlitati,·e EleteFFHiHa~eH 

t.=tualitati.,·e EleteRHiHatieH 

t.=tualitati.,·e EleteRHiHatieH 

t.=tualitati,·e EleteRHiHatieH 

heaEl spaee gas ffiCB5UFeFHeHt t.=tualitati.,·e Eletefffttf!atieH 

plate eeuHts 

epiflueFeseeHt \'ital Elye 

t.=tUaHtitati,·e EleteRHiHatieH 

§:UaHtiteti·,•e EleteRHiHetiQH 
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There are three major types of determinations specific to 

microbiological tests . These include tests to determine 

whether microorganisms are present in a sample, tests to 

quantify the number of microorganisms ( or to enumerate a 

specific subpopulation of the sample), and tests designed to 

identify microorganisms. 

Qualitative Tests for the Presence or Absence of 

Microorganisms 

The sterility test is the fflest eefflffiOH eimmrle ehhis test; 

the eHffliclit:,• ef a liqt1ie grev,rt..h meeitlffl is takeH as e•.-ieeHee 

efthe rreseHee efviaele miereergaHisffls iH the test sam13le. 

This type of test is characterized by the use of turbidity in a 

liquid growth medium as evidence of the presence of viable 

microorganisms in the test sample. The most common ex

ample of this test is the sterility test. Other examples of this 

type of testing are those tests designed to evaluate the pre

sence or absence of a particular type of microorganism in a 

sample (e.g., coliforms in potable water, Listeria monocyto

genes in food, etc.). 

Quantitative Tests for Enumeration of Microorganisms 

The standard plate count method is the archetype of this 

class of tests used to estimate the number of viable micro

organisms present in a sample. The Most Probable Number 

(MPN) method is another of these tests. MPN was devel

oped as a means to estimate the number of viable microor

ganisms present in a sample not amenable to direct plating. 

Identification Tests 

The elassieal methods ef icleHtifieatieH t1see iH eemt3eH 

eial tests are eieehemieal aHcl fflerplrnlegieal eharaeteri2:a 

tieH ef aH t1HkHewH miereergaHiSffl. Biochemical and 

morphological characterization of an unknown microorgan-

ism is the classical method of identification used in compen

dia! tests. Recently developed methods have streamlined 

and automated aspects of this identification -teSt, especially 

in the areas of data handling, analysis, and storage. Several 

new approaches that have been integrated into these meth

ods include biochemical reactions, carbon substrate utiliza

tion , characterization of fatty acid composition, and 

restriction endonuclease banding patterns of l 6S rDNA. 

General Concerns 

Validation of a microbiological method is the process by 

which it is experimentally established that the performance 

characteristics of the method meet the requirements for the 

intended application. Since microbiological tests have three 

basic applications, three separate sets of validation criteria 

are required. These concerns are described below., aHe suffl 

ffltifi2:ecl iH Teele 2. 

Tohle 2. \leliEletieR PereRteters hy Tyf!e ef Mierehielegieel Test 

Paraffleter Qt1alitatiYe Qt1af!titatii,•e leeHtifieatiefl 

-Teffi- -Teffi- TestS 

aeet1rae;· yes yes yes 

flt"eeisieH f!6 yes f!6 

Sfleeifieity yes ye&- yes 

eeteetieH liffl yes ye&- f!6 

tt'" 

qt1aHtifieatief! 

Hffitt 

I if!earit;· f!6 ye&- f!6 

ffiftg&- f!6 ye&- f!6 

fOB\:IStf!ess yes ye&- yes 

ruggeef!eSS ffl ffl ffl 
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VALIDATION OF QUALITATIVE TESTS FOR 

RECOVERY OF MICROORGANISMS IN A 

SAMPLE 

Accuracy and Precision 

Dcfi, 1ititJ11 The eeettreey ef e qttelitetiYe ffiierneie legieel 

methed is deserieed es the eleseaess ef the test resttlts ea 

teiaed a;· the test methed te the ;·eltte eeteiaed a;· the eem 

19eadiel rnethed. 

Dctcr-1ni11cttitJ11 An ei,em19le ef eeettree;· is she•w·a ia the 

ease ef e sterility test eeffl19eriHg the rate 19redttets 19redttee 

19esitiYe etld HegetiYe resttlts ttsiHg the elternetiYe rnethed 

¥erstts the eern19eadiel fflethed . 

P,-eeisiaH 

Dcfi,1ititJ,1 The 19reeisieH efe qttelitetiYe rniereeielegieel 

rnethed is the degree ef egreerneat eetweea the alternate 

rnethed eHd the eern19eadiel rnethed whea the 19reeedttt=es 

ere 19erfefffled re19eetedl;· ea differeat lets ef the seffle 19t=e 

~ 

A direct method to show the equivalence of two qualita

tive assays would be to run them side by side and determine 

the degree to which the method under evaluation shows 

equivalence to the compendia! method. An example of this 

could be the sterility test where this would translate into a 

comparison of the rate of positive and negative results pro

duced by the alternative method versus the compendia! 

method for identical samples. However, in a case such as 

the sterility test, the low number of failures would required 

thousands of comparison tests to establ ish equivalency and 

thus would be problematic. 

A more feasible method for evaluating the precision of a 

qualitative microbiological method compared to a compen

dia! method might be to observe the degree of agreement 

between the two when the procedures are performed repeat

edly on different lots of the same product. The precision of 

an alternative qualitative microbiological method ½Smay be 

expressed as the relative rates of false positive and false 

negative results between the new method and the compen

dia! method using a standardized, low-level inoculurn. 

Dctc1v11i11ctti8,11 

The rate of occurrence of false negative results in the pre

sence of the sample for the two methods ½Scan be estimated 

using low levels of standard challenge organisms. This de

sign is similar to the standard bacteriostasis/fungistasis test; 

however, the level of microorganisms inoculated must be 

very low (not more than 5 cfu per unit). This low level of 

inoculum will ensure a frequency of failure rates high en

ough to provide a means to compare the two methods. 

The alternate method must provide at least as high a recov

ery as the compendia! method. 

Specificity 

Dcfi1titi8II 

The specificity of an alternate qualitative microbiological 

method is its ability to detect a range of microorganisms that 

may be present in the test article. This concern is adequately 

addressed by growth promotion of the media for qualitative 

methods that rely upon growth to demonstrate presence or 

absence of microorganisms. However, for those methods 

that do not require growth as an indicator of microbial pre

sence, the specificity of the assay for microbes assures that 

extraneous matter in the test system does not interfere with 

the test. 

Dctcrmincttim1 This eeaeern is edeqttetely edEifessed a;· 

gt=ewth 19rernetieH ef the media fet= qttelitetiYe ffletheds that 

rel;· tt19ea gt=ewth te derneastt=ete rniereeiel 19reseHee er el:, 

seaee ef ffliereet=gflflisrns . Hewe,•er, fer these rnetheds that 

de aet require gt=e'>YtH es ea iHdieeter ef rniereeiel 19reseaee, 
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Ike speeifieiey· ef tke assa;· for ffliereees assures tkat entra 

F1eeus fflatter ifl tke lest s;•steffl dees F1et ifllerfore ·;i'itH tke 

I>efeeeaR Limif Limit of Detection 

DefmiEien 

The limit of detection is the lowest number of microor

ganisms in a sample that can be detected under the stated 

experimental conditions. A microbiological deteetiefl limit 

test determines the presence or absence of microorganisms. 

Due to the nature of microbiology, the limit of detection re

fers to the number of organisms present in the original sam

ple before any dilution or incubation steps; it does not refer 

to the number of organisms present at the point of assay. 

Detern1i,11atie11 

The two methods (alternative and compendia!) are should 

be assessed by inoculation with a low number of standard 

challenge microorganisms (not more than 5 cfu per unit) fol

lowed by a measurement of recovery. The level of inocula

tion ffltts-t should be adjusted until at least 50% of the 

samples show growth in the compendia! test. It is necessary 

to repeat this determination several times, as the limit of de

tection of an assay is determined from a number of repli

cates (not less than 5). The ability of the two methods to 

detect the presence of single organisms can be demonstrated 

using the Chi-square test. 

Q1umt:ifiest:iaH Limif, LiHesriey, sttd Rsttge Net ap 

plieaele te EfUBlitafr,•e 8998;'9. 

Ruggedness 

Defi11ihe11 

The ruggedness of a qualitative microbiological method is 

the degree of precision oftest results obtained by analysis of 

the same samples under a variety of normal test conditions, 

such as different analysts, instruments, lots of reagents, la

boratories, etc. Ruggedness can be defined as the intrinsic 

resistance to the influences exerted by operational and envir

onmental variables on the results of the microbiological 

method. Ruggedness is a validation parameter best suited 

to determination by the supplier of the test method who 

has easy access to multiple instruments and batches of com

ponents. 

Detern1i11atie11 Ofle ffletkeEI ta Eleffleflstrate ruggeElfless 

is te prepare a suspeflsiefl ef ffliereergaflisffls afld test at 

least se·,reral replieates agaiflst eaek assay ,•ariaele ifl erder 

te eefflpare ¥slues affleflg laeernteries. Attefltiefl must ee 

paiEI te tke iflkereflt iflstaeiliey· ef ffliereeielegieal suspefl 

siefls, BFIEI eilperifflefltal preteeels fflust ee raflEleffli2eEI te 

eliffliFIBte eias. As tkere are Fie agreeEI upefl staflElards fer 

euffeflt ffletkeEls, aeeeptaflee eriteria are preelefflalie. It is 

esseF1tial, kewe¥er, tkat Bfl esti1t1ate ef tke ruggeElfless ef 

tke alternate preeeElure ee Ele1,•elepeEI. 

Robustness 

Defi11ihe11 

The robustness of a qualitative microbiological method is 

a measure of its capacity to remain unaffected by small but 

deliberate variations in method parameters, and provides an 

indication of the method's reliability during normal usage. 

Robustness is a validation parameter best suited to determi

nation by the supplier of the test method. As there are no 

agreed upon standards for current methods, acceptance cri

teria are problematic and must be tailored to the specific 

technique. It is essential, however, that an estimate of the 

robustness of the alternate procedure be developed. 

Dete,'"111i11aiim1 Reeustfless is a YaliElatiefl paraffleler 

eesl suileEI te EletefffliflatieH e;· tke supplier eftke lest fflelk 

eEI. As lkere are fl8 agreeEI upefl staflElarEls for euffeflt fflelk 

eEls, aeeeptaflee erileria are preelefflatie aflEI ff!Ust ee tailereEI 
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to the speeif:te teelffl iq1:1e. It is essential, l½o•NeYer, that an es 

tiffiate of tae rolmsff!ess oftl½e alternate proeed1:1re be de•,•el 

epeth 

VALIDATION OF QUANTITATIVE ESTIMATION 

OF VIABLE MICROORGANISMS IN A SAMPLE 

Accuracy 

Dcfmitifm 

The accuracy of a quantitative microbiological method is 

the closeness of the test results obtained by the alternate 

method to the value obtained by the compendia! method. 

Accuracy fffl:tSt should be demonstrated across the practical 

range of the test. Accuracy is usually expressed as the per

centage of recovery of microorganisms by the assay meth

od. 

Dete: mi11c1.ti0,1 

Accuracy is deff!onstrated in a quantitative microbiologi

cal test may be shown by preparing a suspension of micro

organisms at the upper end of the range of the test, serially 

di luted down to the lower end of the range of the test. For 

example, if the alternative method is meant to replace the 

traditional plate count method for viable counts, then a rea

sonable range might be from 10° to 106 cfu per mL. If it is, 

instead, a replacement for the MPN method, a much more 

narrow range may be used. At least five suspensions across 

the range of the test fffl:tSt should be analyzed for each chal

lenge organism. The alternate method fffl:tSt should provide 

an estimate of viable microorganisms not less than 70% of 

the estimate provided by the compendia! method. 

Precision 

Dcfmiti011 

The precision of a quantitative microbiological method is 

the degree of agreement among individual test results when 

the procedure is applied repeatedly to multiple samplings of 

suspensions of laboratory microorganisms across the range 

of the test. The precision of a microbiological method is 

usually expressed as the standard deviation or relative stan

dard deviation (coefficient of variation). 

Dete; ,11i118.ti011 

Preeision is de1-aonsa:ated BJ' pFeparing One method to de

monstrate precision uses a suspension of microorganisms at 

the upper end of the range of the test that has been serially 

diluted down to the lower end of the range of the test. At 

least 5 suspensions across the range of the test fffl:tSt should 

be analyzed. For each suspension at least 10 replicates fffl:tSt 

should be assayed in order to allow for the calculation of 

statistically significant estimates of the standard deviation 

or relative standard deviation (coefficient of variation). Gen

erally, a coefficient of variation in the 10% to 15% range is 

acceptable. Irrespective of the specific results, the alternate 

method must have a coefficient of variation that is not larger 

than that of the compendia! method. Res1:1lts J_ Q.S log !lfe 

eonsidered preeise in fflieroeiologieal testtng. 

Specificity 

Dcfmiti011 

The specificity of a quantitative microbiological method 

is its ability to detect a range of microorganisms that demon

strate that the method is fit for its intended purpose. This is 

demonstrated using the compendia! organisms appropriate 

for the purpose of the alternate method. 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 



262 IN-PROCESS REVISION 
Pharmacopeial Forum 

Vol. 29(1) [Jan.-Feb. 2003] 

Dete1·mi11cttie,i 8peei§eity is deff!onstrated 1:tsing tae 

eofflpendial organisffls. 

Deteeeon Limit Not applieable to Ej:1:tantitati,•e assa;•s . 

Queatifieetioa Limit Limit of Quantification 

DefmiFie1t 

The limit of quantification is a paraffieter of Ej:l:iSHtitati,.,e 

assa;•s for lo'>'•' le,•els of fflieroorgm:iisffls iR saFRple FRatriees. 

H is the lowest number of microorganisms that can be eeter

FRined with aeeet3table t3reeision and aee1:traey 1:tnder tae sta 

ted mcperif!'!ental eenditimis accurately counted. As it is not 

possible to obtain a reliable sample containing a known 

number of microorganisms, it is essential that the quantifi

cation limit of an assay is determined from a number of re

plicates (n > 5) at each of at least five different points across 

the range of the assay. The limit of quantification should not 

be a number greater than that of the compendia! method. 

Deten11i11cttifm As it is Hot t3ossible to obtaiH a reliable 

saFRt3le eoHtainiflg a lrnovm H1:tFRber ef FRieroorgaHiSFRS, it 

is essential teat tae Ej:1:taHti§eatioH liFRit of af! assa;• is deter 

FRiHed froFR a n1:tFRber ofreplieates (11 > 5) at eaea ofat least 

§•,•e diWerent flO iHts aeross tae raHge of tao assay. Tae liFRit 

OfEj:1:t8HtifieatioH is fiOt greater taaa tae eompeHdial ffietaod. 

Linearity 

Defmitie11 

The linearity of a quantitative microbiological test is its 

ability to produce results that are proportional to the concen

tration of microorganisms present in the sample within a gi

ven range. The linearity should be determined over the 

range of the test. A method to determine this would be to 

select at least five concentrations of each standard challenge 

microorganism and conduct at least five replicate readings 

of each concentration. The appropriate measure of linearity 

is the F-test, demonstrating that deviations from linearity do 

not exceed the variability of the data. This is done by deter

mining the ratios of deviations from the linearity mean 

square to the within-groups mean square. The F ratio for 

the alternate method should not exceed that of the compen

dia! test. The ratio of deviations from the linearity mean 

square to the within-groups mean square will equal 1 if 

the data are described by a straight line; if the data are not 

described by a straight line, this ratio will be greater than 1, 

as the deviations from linearity will exceed the variability of 

the data. The probability of the data variations can then be 

derived from a table of critical F values. Alternatively ( or in 

addition), a graphic depiction of deviations from linearity 

can be plotted as residuals from the regression against the 

estimate. An unequal distribution of the residual values 

around zero would indicate nonlinearity. An alternate mea

sure would be to calculate the correlation coefficient from a 

linear regression analysis of the data generated above. 

DeM1•,·11incttie11 The liHearit)• FRl:iSt be deteffiliHed o .. •er 

the raRge of tae test. A fflethod to deteffiliHe tais is to seleet 

at least §ye eoHeeRtrations of eaea staRdard eaallenge FRi 

eroorgaHiSFR aHd e0Hd1:tet at least §,•e replieate readiHgs of 

eaea eoneentration. Tae appropriate meas1:tre of linearit;• is 

tao P test, dernoHstratiHg taat dei,•iations froFR liflearit;• do 

net mceeed the , 1ariaeility of the data. Tais is done b;1 deter 

ffliaing tae ratios of deYiations from tae linearit)' fflean 

SEj:1:tare to the witaiH gro1:tps meal'! SEj:1:tare. The F ratio for 

tae alternate metaod not eiweed taat of tae eompendial test. 

Tae ratio ofde,•iations from tae liHearit)' ffleaH SEj:ttare to tae 

withiH gro1:tps meal'! SEj:1:tare •.viii eEj:1:tal 1 if tae data are de 

seribed b;• a straigat line. Tais ratio ·uill be greater taan 1 

iftaey are not a straigat line, as tae deYiatioas from linearity 

will eiteeed tae ,.,ariabilit)1 of the data. The probability of the 

data 1, 1ariations are deri·,1ed fi:om a table of eritieal F 1,•ah,1es. 

A grat3hie det3ietioH of de¥iatioHs from liHearit;' eaa also be 
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vletted as residuals ft:effl the regressiea agaiast the estifflate. 

AH 1:1aequal distrieutiea ef the residual vel1:1es ere1:1ad 2ere 

v, e1:1ld iadieate aea liaeerie:,·. 

Range 

Defmitian 

The range of a quantitative microbiological method is the 

interval between the upper and lower levels of microorgan

isms that have been determined with precision, accuracy, 

and linearity using the method as written. The range of 

the method is demonstrated by verifying that the method 

provides acceptable precision, accuracy, and linearity when 

applied to samples throughout the range. 

Dete, mi11r~tia11 The rnage efthe fflethed is deffleastt:ated 

BJ" verif:,·iag that the fflethed vrovides eeeevteele flreeisiea , 

aeeuree,·, aad liaearie:,· whea avplied te safflflles thfe1:1ghe1:1t 

the reage. 

Ruggedness 

Defmitian 

The ruggedness of a quantitative microbiological method 

is the degree of precision oftest results obtained by analysis 

of the same samples under a variety of normal test condi

tions, such as different analysts , instruments, lots of re

agents , etc. Ruggedness is normally expressed as the lack 

of influence of operational and environmental variables of 

the microbiological method on test results . Ruggedness is 

a validation parameter best suited to determination by the 

supplier of the test method with easy access to multiple in

struments and batches of components. 

Deten11i1uttia11 R1:1ggedaess is a velidatiea pereffleter 

best s1:1ited te detefffliaetiea ey the suvplier ef the test ffleth 

ed ,.,,.ith eeSJ' eeeess te ffl1:1ltiple iastruffleats ead eetehes ef 

eempeaeats . 

Robustness 

Defi,·1iti811 

The robustness of a microbiological method is a measure 

of its capacity to remain unaffected by small but deliberate 

variations in method parameters and provides an indication 

of its reliability during normal usage. Robustness is a vali

dation parameter best suited to determination by the supplier 

of the test method. 

Dete, .. 111im:ttia11 Reeustaess is a Yelidetiea pemffleter 

eest s1:1ited te detefffliaetiea a,· the supplier eftfle test ffleth 

eth 

VALIDATION OF ALTERNATIVE MICROBIAL 

IDENTIFICATION METHODS 

There is a large body of evidence that different methods 

vary considerably in their ability to identify microorganisms 

in compendia! articles. It must be accepted that a method of 

ideatifieatiea systemics needs to be internally consistent, 

but may differ from others in identification of unknown iso

lates . In other words, identification of an isolate based on 

biochemical activity may lead to one conclusion, identifica

tion by fatty acid analysis to another, identification by DNA 

analysis may lead to a third, and other methods may lead to 

alternate conclusions. Microbiological identifications by a 

particular system flow directly from previous experience 

with that system, and therefore may well differ from identi

fications by another system. It is critical that each system 

provide a consistent identification of isolates from compen

dia! articles, but it is not required that each agree with all 

other methods. 
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Accuracy 

Defmitia,; 

~fot a1313lieaele ee;•oHEi stooEiaFEi oi:gEll'lisms. The accuracy 

of a microbiological identification method is the closeness 

of the test results obtained by the teSt alternative method 

to the value obtained by the compendia! method. Accuracy 

should be demonstrated with a series of well-defined stock 

culture organisms. 

Dctc,·,11i118tia11 Aee1:tFae;• is EiemoHstFateEi ·uit!:i a series 

of well Eiefi:HeEi stoelc e1:tltl:!Fe oFgaHisms. 

Precision 

Dcfmitia11 

The precision of a microbiological identification method 

is the degree of agreement among individual test results 

when the procedure is applied repeatedly to multiple sam

plings of suspensions of laboratory microorganisms across 

the range of the test. 

S13eeifieiey, I>eteetian Lifflit, Quentifieetian Limit, Lin 

earity, end Ree~e Not Elj3j3lieaele te mieroeielogieal 

iEieHtiFieatioH methoEis . 

Ruggedness 

Dcfi11itia,1 

Ri:!ggeEiHess is Hormall;• en13resseEi as the laek of iHfl1:teHee 

of 013erati0Hal ElH0 eH',•iro!'lffleHtal YElfiaeles of the mieroeio 

logieal ideHtifieatioH method OH test Fes1:tlts. 

Ruggedness is normally expressed as the lack of influence 

on test results of operational and environmental variables of 

the microbiological method. Ruggedness is a validation 

parameter best suited to determination by the supplier of 

the test method with easy access to multiple instruments 

and batches of components. 

Dctcn11i11atia11 R-0ggeEi,wss is a YaliEiatioH 13aFameter 

eest s1:titeEi to Eietefffl½HatioH e;• tl:ie s1:11313lier of t!:ie test meth 

oEi with eas;• aeeess to m1:1lti13le iHstrumeHts ooEi eatehes of 

eOfflj3OHef!tS. 

Robustness 

Dcfi11itia11 

The robustness of a microbiological method is a measure 

of its capacity to remain unaffected by small but deliberate 

variations in method parameters, FOettsmess and provides an 

indication of its reliability during normal usage. Robustness 

is a validation parameter best suited to determination by the 

supplier of the test method, but in any event should not be 

less than that of the compendia! method. 

Dctcrmi118tia11 Roe1:1stHess is a YaliEiatioH 13arameter 

eest s1:titeEi to EietermiHatioH ey the s1:11313lier of the test meili 

oEi, e1:tt iH oo;• e·,•eHt Eioes Hot ei,eeeEi that of the eom13eHEiial 

methoEi .• usn7 

REAGENTS, INDICATORS, 

AND SOLUTIONS 

BRIEFING 

Antithrombin Ill for Amidolytic Test, USP 26 page 2468. In 
accordance with the monograph revision under Heparin Sodium, it 
is proposed to change the name of the reagent Antithrombin III for 
Amidolytic Test to Antithrombin III. 

(HDQ: M. Marques) RTS- 39320-1 
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Change to read: 

Antithrombin III fer Afflillol, ee 'Iest 

"' a USP27 
-Antithrombin III human (heparin cofactor, factor II, inhibitor, 
and factor X. inhibitor) is a serine protease inhibitor. It is a glyco
protein having a molecular weight of 58,000 Da. 

One Antithrombin III Unit is the amount found in I mL of nor
mal human plasma. The potency of antithrombin IJl fer !llflillel)'!ie 
~ 

"' a USP27 
is not less than 4.0 Antithrombin III Units per mg of protein when 

tested in the presence of heparin. It exhibits 90% homogeneity 
when tested by SOS-PAGE. 

Antithrombin III for test or assay purposes contains no detect
able heparin. Test as follows. To a solution containing I Antith
rombin Ill Unit per mL, add I µL of toluidine blue solution. In 
the presence of heparin, the color changes from blue to purple. 

BRJEFING 

Barbituric Acid. This new reagent is used in the preparation of 
buffers for the proposed Identification tests A and B in the Albumin 
Human monograph in this number of PF. 

(HDQ: M. Marques) RTS- 38897-1 

Add the following: 

"'Barbituric Acid, C4H4N2O3-l28.09 [65-52-7]

Faintly beige powder. Soluble in water, in alcohol, in 

chloroform, and in ether. Melts with decomposition at 

25 1.6°. Use a suitable grade .• usn7 

BRJEFING 

DEAE-Agarose. This new reagent is used in the Albumin Hu
man monograph in the preparation of the Preka/likrein substrate 
for the proposed Prekal!ikrein activator test in this number of PF. 

(HDQ: M. Marques) RTS- 38897-1 

Add the following: 

"'DEAE-Agarose-[57407-08-6]-Agarose beads chemi

cally bonded with diethylaminoethane and suspended in a 

20% ethanol solution in water106 
.• usp27 

BRIEFING 

Hexadimethrine Bromide. This new reagent is used in the Al
bumin Human monograph in the preparation of the Prekallikrein 
substrate for the proposed Prekallikrein activator test in this num
ber of PF. 

(HDQ: MRM) RTS- 38897-1 

Add the following: 

"'Hexadimethrine Bromide, (C13H30Br2N2)n [28728-

55-4]-White to off white powder, hygroscopic, amorphous 

polymer, soluble in water up to 10% to give a colorless to 

light yellow solution. Use a suitable grade .• usm 

BRIEFING 

Lead Acetate Paper. This new reagent is used in the Volatile 
Sulfides test under Physicochemical Tests in the proposal for the 
general test chapter, Elastomeric Closures for Injections (381 ), 
which appears elsewhere in this number of PF. 

(HDQ: M. Marques) RTS- 37614-1 

Add the following: 

"'Lead Acetate Paper- Immerse filter paper weighing 

about 80 g per square meter in a mixture of diluted acetic 

acid and lead acetate TS ( I: 10). Remove, dry, and cut into 

15-mm x 40-mm strips. a USP27 
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VOLUMETRIC SOLUTIONS 

BRIEFING 

Potassium Permanganate, Tenth-Normal (0.1 N), USP 26 
page 2536. 

(HDQ: M. Marques) RTS- 39276-1 

Erratum: 

Second paragraph, line 7: Change " 6.700 mg" to : 67 .00 mg 

BRIEFING 

Reagent Footnotes, USP 26 page 2538, page 553 of PF 28(2) 
[Mar.- Apr. 200 I] , and page I 952 of PF 28(6) [Nov.-Dec. 2002]. 
Footnote 106 is added to identify the name under which DEAE
Agarose is commercially available. The reagent DEAE-Agarose 
appears elsewhere in this number of PF 

(HDQ: M. Marques) RTS- 35780-135917-135918-I ; 35961-
1; 36020-2; 36021-2; 38897-1 

Reagent Footnotes 

Where a particular brand or source of a material or piece of 
equipment, or the name and address of a manufacturer, is men
tioned (ordinarily in a footnote), this identification is furnished so
lely for informational purposes as a matter of convenience, without 
implication of approval , endorsement, or certification. 

Add the following: 

•106. Commercially available as DEAE-Sepharose .• usm 

REFERENCE TABLES 

BRIEFING 

Container Specifications for Capsules and Tablets, USP 26 
page 2540, page 8860 of PF 25(5) [Sept- Oct. 1999], page 9176 
of PF25(6) [Nov.- Dec. 1999], page 145 of PF26(1) [Jan.-Feb. 
2000] , page 836 of PF 26(3) [May- June 2000] , page 1133 of 
PF 26(4) [July- Aug. 2000], page 1383 of PF 26(5) [Sept-Oct. 
2000], page 1906 of PF 27(1) [Jan.- Feb. 2001], page 2597 of 
PF 27(3) [May- June 2001] , page 3118 of PF 27(5) [Sept.- Oct. 
2001], page 852 of PF 28(3) [May- June 2002], page 1235 of 
PF 28(4) [July- Aug. 2002], and page 1952 of PF 28(6) [Nov.
Dec. 2002]. 

(HDQ) RTS- 36941-1 

The following table is provided as a reminder for the pharmacist 
engaged in the typical dispensing situation who already is ac
quainted with the Packaging and storage requirements set forth 
in the individual monographs. It lists the capsules and tablets that 
are official in the United States Pharmacopeia and indicates the 
relevant tight (T), well-closed (W), and light-resistant (LR) speci
fications applicable to containers in which the drug that is repack
aged should be dispensed. 

This table is not intended to replace, nor should it be interpreted 
as replacing, the definitive requirements stated in the individual 
monographs. 

Container Specifications for Capsules and Tablets 

Monograph Title 

Add the following: 

•oxaprozin Tablets 

BRIEFING 

Container 
Specifica lion 

T, LR•USP27 

Description and Relative Solubility of USP and NF Articles, 
USP 26 page 2546, page 1250 of PF21(5) [Sept.- Oct. 1995], page 
5310 of PF 23(6) [Nov.-Dec. I 997] , page 7017 of PF 24(5) 
[Sept- Oct. 1998], page 8282 of PF 25(3) [May-June 1999], page 
8589 of PF 25( 4) [July- Aug. 1999], page 8917 of PF 25(5) [Sept.
Oct. 1999], page 9254 of PF 25(6) [Nov.- Dec. 1999], page 504 of 
PF 26(2) [Mar.- Apr. 2000], page 837 of PF 26(3) [May- June 
2000], page 1135 of PF 26(4) [July- Aug. 2000], page 1385 of 
PF 26(5) [Sept.- Oct. 2000], page 1623 of PF 26(6) [Nov.- Dec. 
2000], page 1907 of PF 27(1) [Jan.-Feb. 2001], page 2281 of 
PF 27(2) [Mar.- Apr. 2001 ], page 2839 of PF 27(4) [July- Aug. 
2001], page 3120 of PF27(5) [Sept- Oct. 2001], page 3374 of 
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PF 27(6) [Nov.-Dec. 2001], page 554 of PF 28(2) [Mar.- Apr. 
2002] page 853 of PF 28(3) [May- June 2002] , page 1236 of 
PF 28,(4) [July-Aug. 2002] , page 1542 of PF 28(5) [Sept.-Oct. 
2002], and page 1953 of PF 28(6) [Nov.- Dec. 2002]. 

(HDQ) RTS- 38078-4; 38179-1 ; 38196-1 ; 38238-4; 38256-
1; 38549-1 ; 38676-1; 38965-1; 39017-1; 39081-1 ; 39098-1 ; 
39178-1 ; 39317-1 ; 39351-1 ; 39352-1 ; 39353-1 ; 39354-1 

Change to read: 

Albumin Human: Pf!telieoll) eElerless, meElerolel)' Yisee1:1s , 
eleor, ere ll'Risk f11:1iEI . 

•Liquid formulation product, slightly yellow in color. Con-

tains no added antimicrobial agent; may contain sodium 

acetyltryptophanate with or without sodium caprylate as a 

stabilizing agent. . usn1 

Add the following: 

• Ammonium Sulfate: Colorless or white crystals or 

granules that decompose at temperatures above 280°. One 

g is soluble in about 1.5 mL of water. It is insoluble in alco

hol. The pH of a 0.1 M solution is between 4.5 and 6.0 .• usP21 

Add the following: 

•candelilla Wax: A hard, yellowish brown opaque to 

translucent wax. Its specific gravity is about 0.983. Soluble 

in chloroform and in toluene; insoluble in water .• usn1 

Add the following: 

•cetrimonium Bromide: A white to creamy white, vo

luminous, free-flowing powder, with a characteristic faint 

odor and bitter, soapy taste. Freely soluble in water and in 

alcohol; practically insoluble in ether. NF category: Antimi

crobial preservative .• usn1 

Add the following: 

•Clonidine: White to almost white crystalline powder. 

Melting point is about 142°. Freely soluble in methanol and 

in alcohol. . usn1 

Add the following: 

•Hydrogenated Cottonseed Oil: A white mass 

or powder that melts to a clear, pale yellow liquid when 

heated. Freely soluble in methylene chloride and in toluene; 

very slightly soluble in alcohol; practically insoluble in 

water .• usn1 

Add the following: 

•Erythromycin Gluceptate: Colorless to white crys

tals. Slightly hygroscopic. Freely soluble in water, in alco

hol, in methanol, in dioxane, and in propylene glycol; 

slightly soluble in acetone and in chloroform; practically in

soluble in ether, in carbon tetrachloride, in benzene, and in 

toluene .• usP21 

Add the following: 

•Hypromellose Acetate Succinate: White to yellow

ish white powder or pills . Odorless, or has a faint, acetic 

acid-like odor, and tasteless. Practically insoluble in water, 

in dehydrated alcohol , in xylene, and in hexane. On the 

addition of a mixture of dehydrated alcohol and dichloro

methane ( 1 : 1) or acetone, a clear or turbid viscous liquid 

is produced. Dissolves in 1 N sodium hydroxide. Slightly 

hygroscopic . NF category: Coating agent; tablet 

binder .• usn1 

Add the following: 

•oxaprozin: White to yellowish white crystalline pow

der .• usn1 

Add the following: 

•Polyisobutylene: Low molecular-weight grades are 

soft and gummy; high molecular-weight grades are tough 

and elastic. All grades are light in color, odorless, and taste

less. Soluble in diisobutylene, in toluene, and in chloroform; 

insoluble in water .• usn1 

Add the following: 

•Tribasic Sodium Phosphate: The formula for a crys

talline material is approximately 4(Na3PO4 · 12H2O)NaOH. 

It occurs as white, odorless crystals or granules or as a crys-
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talline powder. It is freely soluble in water; insoluble in al

cohol. The pH of a 1 in 100 solution is between 11 .5 and 

l 2.0.• VSP27 

Add the following: 

• Anhydrized Liquid Sorbitol: A clear, co lorless to 

pale yellow, syrupy liquid, odorless, and having a sweet 

taste. Miscible with water, with ethano l, with glycerin, 
and with propylene glycol; insolub le in mineral oil and in 

vegetable oil. NF category: Humectant; plasticizer .• usP27 

Add the following: 

•sumatriptan: White to yellowish white powder. 

Freely soluble in water.. vsP27 

NUTRITIONAL 
SUPPLEMENTS 

GENERAL CHAPTERS 

BRIEFING 

(2021 ) Microbial Limit Tests- Nutritional Supplements, USP 26 page 2659 and page 8748 of PF 25(5) [S ept.- Oct. 1999). The proposed revisions to this chapter, which previously appeared in Pharmacopeial Previews, are now forwarded to InProcess Revision. It has been substantially revised, with the following changes based upon comments received: 
( 1) The title is changed. 
(2) Microbial identification methods are removed and placed into the new proposed general chapter Microbiological Proce

dures fo r Absence a/Specified Microorganisms in Nutritional 
and Dietary Supplements (2022), appearing elsewhere in this 
number of PF. 

(3) The Preparatory Testing section is moved fo rward in the chapter and revised. 
(4) Table 1 from the previous proposal is deleted. 
(5) The Buffer and Media section is revised, with many media 

recipes removed and placed into the proposed chapter (2022). (6) A section on Growth Promotion Testing is added. 
(7) The Sampling section is revised . 
(8) The Test Procedures section is revised. 
(9) The title of the table on most probable total count is revised. 

(10) The section on the Enterobacteria Count is revised. 
(1 1) The section on Coliform Count is deleted. 

(AMB: D. Porter) RTS-39332-2 

Change to read: 

(2021) MICROBIAL LI}vUT 

.6 ENUMERATION _6 USP27 

TESTS-NUTRITIONAL AND 
DIETARY A.RTICLE8 

• SUPPLEMENTS _6 USP27 

Tkis eheptor pro~·iElos tests fer tko estirnetioR of tko R1:1rneer of ~·ieele eeroeie rnieroorgeRisffls preseRt B:REI fer freeEloffl frorn Elo sigReleEI fflieroeiel speeies iR Rl!ti=ifioMI Sl!pplerneRts of ell lciREls, frorn re n' rnetoriels to tko RRis1'teEI feA'flS . AR l¼l!torneteEI rnotkoEI ffl!i) ee sl!estill!teEI fer Ike tests preseRteEI kere, pro, iEleEI it kes eeeR proper!) , eliEleteEI es gi~·iRg eei1:1i, eleRt or eetter resHlts. IR proper iRg fer eREI iR eppl)'iRg tke tests, oeser ,re E15eptie preoeHtioRs iR keRElliRg tke speoiffleRs. URloss otkefl.l,•ise ElireoteEI , wkero tao proeeEIHre speeil'ies sitHply " iRel!eete," kola tke eoRtei-Rer iR eir tket is tken'flostetieelly eoRtrolleEI et e tetHperell!re Ile~. eeR 39° eREI 35° fer e perioEI of2q to q8 kol!rs. Tko teA'fl " growtk" is l!seEI iR e speeiel seRse koreiR, i.e., to ElesigRete //;e p1we1we till« p1•e 01 .. 11etlp1'8life,'ttli8.1 tef' ,itible mie, 88. ,gt1,1iomo. 

Prepantary Testing 
Tl~e ~·eliElit)· of Ike resHl!s ef tao !ests set fertk i-R !kis ekepter Fes!s !er-gel)' l!pOR Ike eEleEjl!Ele) ofe EleH~oRstfetioR !aet tao test spe eirneRs lo wkiok tkoy ere epplieEI Elo Rot, of!kernsolYes, iRHieit tke rnllltipliee!ioR, l!REler Ike test eoRElitioRs, of tHieroer-geRisffls tket ffiEI) Ile preseR!. T1'terefere, prOfJElf!llery le eoREIHe!iRg Ille tests OR El regHIElr eesis EIRE! EIS eiFOllffiStEl!lees rOEjlliro 9l!69eEjl!t!Rtly, iROBl! lete ElilllteEI speeimeRs ef Ike tHe!eriel to Ile tes!eEI Ni!k seperete ,·i eele Ol!l!l!res of &lftf)1'i){8e8ee1,19 {it,t/'81,19 (ATcc· No. 6538), &e/;e, iehit1 eBli (ATCC ?lo. 8739), ,%e1,1tl8m8,1t10 t1e, 1,1-gi1Wflt1 (ATCC ?lo. 9927), Ctmtlitlti til8ie8110 (ATCC ?lo. 19231), A!Jflel' gil.'-t10 11i-ge, (ATCC ?lo. I MQq), eREI Sa.~118.1eJl-t1 speeies. Tkis eeR Ile EloRe Ii) eEIEliRg I fflL of Rot less !HEIR I Ir' Elill!tieR ofe 24 ael!r eFotk el!lll!re of tke rnieroor-geRisrn to tke Rrst ElilutioR (i-R 131-I 7.2 Pkespkete Bl!FfeF, fllliEI So)·eeaR CeseiR Digest MeEliHrn, OF flHiEI Leotose ~4eElillrn) of tke !est rneteAel eREI fellowiRg Ike test prooe El1:1re. failHre ef Ike er-geRisrn(s) lo gro,. iR !he rele,·eRt ffleElillffl iR,·eliEletes tket portieR oftke enElffliRefioR eREI Reeessi!etes e rnoEli !'ieetioR of !fie preeer:ll!re ey (1) EIR iRereese iR Ike ,·elllfflO of Elilll eRt, !l~e EjtlEIRtit)· ef !es! tf!El!eriel rerneiRiRg !he serne, OF 8) (2) Ike iReorporetioR of e sl!ffieieRt Ejl!EIRtity ef sl!iteelo iRee!i, etiRg egeR!(s) iR tke ElillleRts, or Ii) (3) !!:fl eppreprie!e eoffleiRetieR ef fflBElil'iee!ieRs (I) EIREI (2) so es lo peA'Flit gro111R ef!lle iReel!ll!ffl. 

1 ,<\R!erieaR T) fle C ~httre CelleelieR, Perlde .. R Qri. e, Reelt, ille , ME) 
~ 
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. The fellewiHg Eire enEIFHf'les ef iHgreeieHts EIHEI their ee8eeHlfEI 
~HS thElt6 ":El) 6e El00e0 ta_ the 01:1ltitre ffleEiit:1ffl to Het:1lfEllt2e iHl!i 

1 e~ s1:1 s EIHees f!reseHt 1H the SEIFHf'le: 90) leeithiH 9.5%· 0 
pel)·ser6&te 2_9, 4 .9%. AltefH&ti .·ely, ref!e&t the test ~3 aese~i::0 
t~ the l"ree.ee1Hg f!ElrElgt'Elf'h! l:13iHg fl1:1ie CElseiH Digest £0)" Le 
e1th1H -~e~) ser6&te 29 Me~n1_ffl to . EieffleHstr&te 11e1:11f&lii!E1tie11 ef 
ftesep, ~It '. es er ether E111hffl10re61E1I &ge11ts i11 the test ffl&teri&I. 
n'l'ler7 111h161te~· s1:1~s1;(111ees El:e ee11tE1illeEI i11 the f!ree1:1et EIREI the 

IE1tter 1s sel1:16ie, El s1:11tE16le, .·Ellte&tee E18E1f!tE1tieH ef El f!reeee1:1re set 
rrth,m ~~e (Ir· tJeedtt, es Usi,rg ,',kmb, /Me 19{1, 1tlim1 l:IR0Bf 

le, t.tl)etJls ff , fflEI)' ee t:1see. , 
If iR Sfli_te efthe ifle?FflBFEltiBR efs1:1itE1ele iREleti,·EltiHg Elgeats El1!0 

E1 St16StE111MI 1HereE1Se 111 the ,·0l1:1ffle efE11lt1eHt it is still 11et f'Sssi6i 
!e reee·, e: the , 1E16le e1:1ltitres Eieseri6eEI &60 .-e E1110 .. ·here the Elrtiel: 
19 11st 9l:IIIEl61e fer l:lfflf!l0)'fflel!t ef ffll:lffl6rE1Be HltrEltieB it l:IEI!! 6 
El331:1ffleEI thElt the f.til_1:1~e ta ise!E1te the iaee1:1IE1tee ergEIRi;ffl is E1Uri.e 
6l:IIE16ie ta the 6E1BteRe1EIE1! er 6E1eteriestE1tie Eleti,·il;)· ef s1:1eh fHE1g11i 
t1:1~e thEll treEltffleBts Eire 11e_t &ele t_e reffle. e. This tflfefffl&tien seR es 
ta t~Eiie~te t~~t the Elrtt~le 1s 1101 ~iltel) te ~lie·.,,· l'relifer&tie11 ef 888 
tE1r111HE1he11 "1th_ tke g~ ,·e11 Sf!ee10s e f ffl1ereerg&11isffl. Me11itertflg 
she1:1IEI 6e . ee11tt111:1ee . 111 ere er ta Eieterffli11e the i11hi6iter • FEIRge 
E1110 6E1etene1EIE1I E1ehY11;)· ef tke Elrtiele.

1 

Buffer Selutien enfl Meflie 

C1:1ltlife ffleEiiEI ffiEI)' 68 f'Fef!Elree EIS fellews , 0f Eieh)·elt-E1tee eulture 
ffleEiia ffiEI) 6e usee flF0; ieee tl,at, .. ·he!! ree011stitutee (19 Elireetee 
6) tke fflE111uf.teturer or Elistri6uter, the) h&, e sirf!ilElf i11greeie11ts 
E1110,ler yiele fHBEiiEI eefflf!ElfE16le ta these eet&i11ee freffl the feffflulEls 
gi ,'eH herei11. 

~11 flreflari.11g ffleEiia 6)" the feffflulas set forth herei11, Eiissel, e the 
s0lt16le solies iR the .. ·ater, usi11g he&t, if 11eeess!ily , ta effeet eeffl 
fllete selutieH, EIBEi aee selutieRs ef hyereehlerie aeie er seeiuffl 
h) Elreniee i11 E!UaRtities sutlieie11t to ) iele the Elesiree fll I iH the t'l!e 
Eliuffl "heR it is re&B)' fer use. Deteffi1i11e the f'II Elt 25 .L 2°. 

\l.'here ElgElr is BEllleEI fer i11 El fefffluiEI, use agElr that hEls a ffleist 
1:1re 00Rte11t of Rot ffiere thE111 15%. V.'here ·uE1ter is eallee for i11 El 
feflt11:1IE1, use Fu, ified 14-ate, . 

pH 7.2 Phesphete Buffer 

SttJe,1< &Jlutio,1 Disseh·e 3 4 g ef ffl01!06EISie f'SIEls siuffl f!he s 
flh!lte ill !l68UI see fflL ef .. !lier ee11tE1i11ee ill El I ggg fflL Yoiufflelfie 
Flaslc. Adjust to a flll ef 7.2 l 9.1 6) tke aeeitie11 ef soeiuffl h)' 
Elreniee TS (Eleout 175 ffib) , EIBEi WEiter ta • oluffle, BREI fflin . Dis 
fle11se a11Ei sterili.:e. £tore u11Eier refrigeratie11. 

fer use, Elil1:1te the Stoelt &J{u1io,1 ."t'ith ,,·ater iH the ratio of l ta 
899, Elisfle11se as Elesiree, a11EI sterili2e. 

~ 

. a·a shet1IEI 6e sterili2ee _e) U11less otherwise i1101eat1, th~ s7e~ i121tlio,1 1:111Eier Ste: itire110!1 
heati11g i11 a11 auteela .·e ~see El1e~~Eli11g o11 the ,-eluffle ta 6e ster1 (+2++)), the enf!esure hffle 81' 
~ 

t ~LIJID GASE~I QIGE8T SOY LEGITl~I POL¥SOR:BAU 10 
MEQRJM 

PElflere&tie Digest ef C&sei11 . 
Se)' LeeitkiH .. 
Pelyser6&te 29 . 
\l/ater ...... . 

2¾ 
¼ 

4G-HH:, 
~ 

Dissel,·e the f!E111ereE1tie Eligest ef eE1sei11 E1110 90)' leeithiH ifi 969 
fflL ef ii'Elter, heE1ti11g i11 a .. Elter 8Ellft Ell 48 ° ta 59° for El60Ut 39 
ffliButes to effeet s0lutie11. Pree 49 fflL efflel) sere&te 29. Min, Elis 
f'Ol!se as Eiosiree, E1110 steri.lic2e. 

II. SOYBEAN Cl,SE~I DIGEST t.GAR M:EQIUM 

PElflereEltie Digest ef CElsetfl . .. 
PE1flE1ie Digest ef Se) 6eaH Meal 
£eeiuffl Chleri.Eie . 
AgElf . 
'i','ater .. ...... . 

flll after steri.li.:E1tie11: 7.3 .L 9.2. 

~ 
~ 
~ 
~ ieee fflL 

Ill. FLUIQ SOYBet.l>I GA8E~I QIGE8T HEQPJH 

Prefl!lFe as Elireetee fer &rjbe1t,1 Ctlsei,, Digest U-edittm uHEier 
£.,e, WI) ksl3 (i4-), 

P.'. ~ 4Al>ll>IITOL £AU t.GA.'l MEQR» i 

P~ereatie Digest of CaseiH ___ . 
Pefllie Digest of AiJ-it'l!!ll Tissue _ 
Beef E,Hraet . __ . 
Q Mar.£titel _ . __ . 
£0Elit1ffl Cl,lori.Ele _ 
Agar .... _ .. 
Phe110I Rcee _ 
\l.'eter . . ... . 

~ 
~ 
~ 

-14¼ 
-7➔.¾ 
~ 
~ ieee HJL 

Min, tkeR heat .. ith freEtt1e11t agit&ti011, ElflB eoil for I ffliH1:1te to 
eff'eet sel1:1tie11. Disf!e11se EIS Elesiree, !!He steri.li2e. 

f'II after sterili2atie11: 7.4 l 9.2. 

V. BAIR.EJ PA.?_'<,ER t.GA.'l ~ f:EQR» i 

Pa11eFeE1tie Digest of CaseiH 
Beef Enlfaet ___ _ 
Y~ast Eitlfaet ___ _ 
Li tkiuffl Chleri.Eie _ 

~- --- --- · 
£0Eli1:1ffi P)"RI ,·ate _ 
l).loter .... . ... . 

-14¼ 
~ 
~ 
~ 
~ 
~ 
-14¼ 
~ 

© 2003 The United States Pharmacopeial Convention, Inc_ All Rights Reserved. 



270 IN-PROCESS REVISION 
Pharmacopeial Forum 

Vol. 29(1 ) [Jan.-Feb. 2003] 

1 leet witk ¥req11eF1t egitetieR, &Re 00il fer I FRimite. Sterilii!!e , 
eeel 10 0ew.·eeF1 4 5° &Re 5Q 0

, &Re eee IQ fflL ef sterile p0tessi11FR 
1el111rite s0l11ti0F1 (I iR IQQ) !IRS 5Q tnL efegg )Sile eFR11lsi0R. Min 
tk0r011gkl)" 011t geRtl) , &Re p011r iRte plates. (Prepare Ike egg ) ellc 
etfl11lsi0R b)' eisiRfeetiRg tke sttrfuee ef .,,,kale skell eggs, esepti 
eell) ef!lelciRg tke eggs, !IRS seper!l'tiRg ettt iRt!let yellcs iRte !I steFile 
gree11otee e)liReer. Aee steFile seliRe TS te ebtoiR O 3 te 7 rotie ef 
egg )'811( te seliRe. Aee te O steFile 0l0F1eer etip, ORS tflili ot kigk 
speee fer 5 seeeRes.) 

pH ofter steFilii!!otieR: 6.8 .l Q.2. 

l'I. "OGEb JOl~ISOl>I AGAR HHHUH 

PoRereotie Digest ef GeseiR ................ . 
Y;:,ost Entroet . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
MoRRitel ....... ... . . ...... . ..... . .... . . 
Dibosie Petossi11FR Pkespkete ..... . ......... . 
Litki11FR Ckleriee ............ .. .......... . 
Gl)·eiRe ......... .. ....... . .... .. ...... . 
Agor ... . ............... . .. . .......... . 
PkeRel Ree .. . ... . ............... . ..... . 
\Voter .. .. .. . . ................ . .... ... . 

Beil tke sel11ti0R ef selies fer I FRiF111to. Sterilii!!e, eeel te 00 
Pt'l'eOR 45° ORB 5Q0

, !IRB eee 2Q lflL ef sterile petossi111fl telltirite 
s0l111ieR (I iR I QQ). 

pl! after steFilii!!&tieR: 7.2 .l Q.2. 

VII . GETRdHIQE ,1,GAR ~G;QIUH 

PeRereatie Digest ef GeletiR .. . ..... . ..... . . . 
M11gResi11lfl Ckleriee . .... .. . . . . .. .. . . .... . 
PotossiliFR Stilfute ....... . .......... . .. . . . 

Cel)·I TrilflOIR)'ll!FRifl0Flililfl Breiflieo (CetriFRiee) . . 
GJ)18eRF1 . .. . ...... .. ...... . .. . .. . ..... . 

Disseh·e oil selie eeFRpeReRts iR tko woter, one oee tke gl)·oeFiR. 
Ileet, witfl ¥req110F1t ogitotieR, &Re bail fer I FRiF111te te effoet sel11 
~ 

pl! after steFilii!!otieR: 7.2 .l Q.2. 

VIII. PSEUQOHOJ>IAS AGAR HEQIUH FOR QETEGTIOJ>I OF 
FbUOR£SCm 

PoHereotie Digest ef CoseiR ......... . ...... . 
Peptie Digest ef ARiFRol Tisstie .............. . 
ARk)•Elre11s Di0osie Petessi11FR Pkespkete . .... . . 
MegHesitilfl S11Jfute (MgSO., •-7H,.O) ...... . ... . 
Gl)·eeFiR . ........... . ............. . ... . 
Ager . . ............. . . . ........... . ... . 
\lt'eter ..... . . .. . . ... . .. . ........ . . . . . . . 

Dissel, e tke selie eelflpeReRts iR Ifie .. oter 0efere eEIEliRg tke 
gl)'BOFiR. Heat, witk freq11eF1t agitatieR, OHB 0eil fer I lfliF111te te of 
leet sell:ltieR. 

pl I ofter sterilii!!&tieR: 7.2 .l Q.2. 

~ - PSEUQOHOJ>IAS AGAA HEQIUH FOR QETEGTJOJ>l OF PYO 
~ 

PoRereotie Digest ef GeletiR . . ... . ........ . . . 
ARk)'8f8!!9 MogBe9i!!HI Ckleriee. . . . . . . . . . . . . . 
ARh)·ereti9 Pet!lssi11FR S11lfote ... . . . .. . . ... .. . 
Ager. ........... .. . . .. . ... . .. . ... .. .. . 
Gl)00RFl ........ . ... . ....... . .. . .... . . . 
\l.'e.ter . . . . .. .. . .. .. . .. .. ......... .. . . . . 

~ 
~ 
~ 
~ 
~ 
JQQQ FRL 

Disseh·o tke selie 00fflp8FlOFlt9 ifl the w!l'tor befere eeeiRg tke 
gl)·eeriR. I leet, .. ilk ftaeqtieRt egitetieR, one boil fer I FRiHlite to ef 
feet seltitieR. 

pl! ofter stoFilii!!!ltieH: 7.2 .l Q.2. 

X. FbUm 6.1,CTOSE ~.Q;QIUM 

Beef Eittreet ..... . ... . . . ...... . ........ . 
PeRerootie Digest ef GelotiR ... . .. .. .... . . . . . 
Loetese ... . .... .. ... .. . .. .. .. .... . .... . 
')later . .. . .................. . . . ....... . 

Geel os qliiekl)' os pessible after steFiliz'!otieR. 
pl! after sterilii!!otieR: 6.9 .l Q.2. 

XI. FbUm SEbENITE CYH~IE MEmUM 

Penereetie Digest ef CoseiR . .. . .. .. ...... . . . 
Loetese .......... . ... .. .. . .... . . . ... . . . 
Seeimfl Pkespkote .. . ... . .. .. . . .. . . . . . ... . 
Seei!!FR Aeie SoleRite ................... . . . 
b C:rstiRe . . . ...... . .. . ..... . . .. . .. .. . .. . 
\l.'eter . . .. .. .... .. .... .. .... . .. . . . . . . . . 

FiRol pl!: 7.Q .l Q.2. 

~ 
➔.¾ 
➔.¾ 

I QQQ fflL 

Min, OREi keel te effeet seltitieR. 1 leot iR flowiRg ste!IFR fer 15 
FRiRtiles. fJe ,wt sle, Ui-e. 

XII. FbUm THRA'H DONATE MEQIUM 

PoRereotie Digest ef CeseiR ..... . ... . ...... . 
Peptie Digest ef l,Rilflol Tissl:le . . . . .. .. . . .... . 
Bile Solts . ...... .... ........ . ... .. . .. . . 
Celei11FR CorbeRote . . .................... . 
SeElitiFR Tkies11lfote ........ . ...... . . .. . . . . 
Vleter . .. ... .... .. ..... .. ... .. . .. . . ... . 

Heat tke seltitieR ef selies to beiliRg. OR tke Elo;· ef 11se, eee o 
seltitieR pret3eree 8)' ElissehiRg 5 g oft3etessi11FR ieeiee &Re 6 g ef 
ieeiRo iR 2Q fflL efv, oter. TkeR oee IQ FRL ef e s0l11tieR efbFillieRt 
greeR (I iR JQQQ), ORB FRin . De Rel keot tke FReEli11lfl after eeeiRg 
Ifie 8Rlli!1Flt greefl sel11ti0F1. 
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XIII . BRILLIANT GRfie}l ,A,GAR MEI.HUH 

¥eEISI Enll'flel . ... . ......... .. .... . .. . . . . . 

Pel'tie Digest of Aflilflfll Tim1e . . 

PElf!OFefltie Digest of GE1se1f! . . .. 

teetose . . ... . • • • • 
Seait1ffl Gl!loFiao ... 

8t1eFOSe . · · · • · · · · · · · · · · · 

Peef!OI Rea .................... . .. . . . 

Agar ...... •• 
BFillient Greef!. 
Wa~er . . ... . . 

~ 
~ 
~ 

+M-g 
~ 

+M-g 
&G-fflg 
~ 
+H-fflg 
1000 lflL 

Boil tile solt1tiofl ofsolias fer I ffliflt1to. 8terilii'!ejt1st f'AOr to t1se, 

fflelt tile ffleait1ffl , f'OtlF into l'elFi aislles, Elfie E11lo d to eool. 

f'I I E1fier steAlii'!fltion: 6.9 l 0.2. 

x.11/. XYL086 L¥81}H; E>680XYGI IOLAT6 ,<1,GAR P ieE>IUM 

Xylose .. .... . .. . .. .. . . . .......... . . . . . 

1, L) sine .. ...... . . ..... . ............ . . . ~-0~ ............................... . 
8t1erose ...................... . ... . .... . 

8oait1ffl Cllloriee .......... .. .......... .. . 

YeE1St Entiaflet . . . . . . . . . . . . . . . . . . . . . . . . . . .
. 

Pllenol Rea ....... . .. . ...... . . .. ....... . 

Agar . ..........................
.. .... . 

80Elit1lfl DesoJt)ellolflte . .. . . . . ............. . 

8oeitlff! Tl!iost1lftlte . ......... .. .......... . 

1-eFFie ArnH1onit1ffl Citiaate . .. .... . ........ . . . 

Water .............. . ............. .. . . . 

1-inal f'II: 7.~ l 0.2. 

~ 
~ 
~ 
~ 
~ 
~ 
&G-fflg 

+¼-g 
H-g 
~ 
~ 

1000 lflL 

Heat tile fflintttfe of solies anEI water, with swirliflg, jt1sl te tho 

boiling f'Oint. I)B ,IBI B ,e, het1/ Bf' sle, itLe. Tr!!flsfer at of!ee to El 

n'Elter batll lflElintaineEI Ell abot1t 50°, ana f'Otlf into f'IEltes EIS soon 

EIS tl-te lfleElitlff! 1-tas eooleEI. 

XV. Bl8HUTII SULFITE ,o,GAR MeE>IUM 

B eof EitH=aet . . . . . . . . . . . . . . 

PEll!oreatie Digest of Casein . . . 

POJ!tie Digest of A1iiH1E1I Tisst1e . 

Denll'ose ............ . 

80Elit1H1 Pl-tosf'l-!E1te . .... . 

1-effe tis 8 t1lftlte . . . . . . .. 

Bisff!t1th 8t1lfite lnEliefllOF . 

1-iREII I'll: 7.6 l 0.2. 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

1000 lflL 

Heat tile lflintl!re of so lies anEI II ateF, with S\tirliRg, jt1sl to tl!e 

boiling f'Oint. I)B ,IBI B.e, het11 B, sle, i{Le. Tr!!flsfer at onee to El 

water ball-! ff!Elintttinea Ell abot1t S0°, anEI f'Otlr into f'IE1tes El9 sooH 

El9 ti-to H1eait1H1 1-tas ooolea. 

XVI. TRIPL6 SUGAR IRO}I AGA.". MEE>R.JM 

PE111ereatie Digest ef GaseiR ..... . 

Panereatie Digest oL\flitanfll Tiss1:1e . 

~ ... , ...... . . . . , .............. ,,. 

Deittrose ......... ...... ........... . . .. . 

f:effot1s AH1H1eni1:1H1 81:1lftlte ....... . . . .. . ... . 

80Elit1H1 Gkloriae .................. .. .... . 

8eait1H1 Tl-iies1:1lftlte ........... . ... . ... ... . 

Agar. ...................... ... ....... . 

Pl-tenol Ree ..... . .. . .......... . ........ . 

\\!a:~er . .........................
...... . 

I'll after steri lii!Ellion: 7.3 l 0.2. 

XVII . PiACCONKeYAGAR MEE>R.JM 

PE1f!OFOE1tio Digest ef GelatiR ....... . ........ . 

PE1neFeE1tie Digest of Casein .... . . .......... . 

Peptie Digest of ,'.fliff!Eli Tiss1:1e ............. . . 

Laetose . . . . . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . 

Bile 88:lts Miittl!re .. . ... .. ........... .. .. . 

80Elit1H1 Cl-tleriEle ... .. ... . ............... . 

►le1:1tFE1I Rea . . 
Cf) stal Violet 

+M-g 
+M-g 
+M-g 
+M-g 
~ 
~ 
~ 
~ 
~ 
~ 

1000 fflL 

~ 
-1-,¼ 
-1-,¼ 

+M-g 
-1-,¼ 
~ 

+¼-g 
~ 
~ 

1000 fflL 

Boil ti-to H1int1:1re of so lies B.Ha water fer I lflinute to effeet solt1 

ti6lr. 
I'll after steFilii!&lion: 7.1 l 0.2. 

XVIII . L6V~l6 60S~l METHYLe?IE BLU6 AGh".. HfE>IUM 

PE111ereatie Digest of Gelatifl ................ . 

Dibasie Potassit1H1 Pl-tospl-tate ............... . 

Agar . ........ . ............... . . . ..... . 

Laetose . . . . . . . . . . . . . . . . . . . . . . . . . . .
 .... . 

Eesin Y ........... . ................... . 

Metl-iyleno Bl1:10 . .. . ............... . ..... . 

+M-g 
~ 
~ 
+M-g 
~ 
~ 

1000 lflL 

Dissohe ti-to pflllereatie Eligest of gelatin, Ifie Elibasie pol!!ssiuffl 

f'l-tOSf'l-t&te, EIBEi ti-to &gflf in ti-le II Elter, will-! wflfffliHg, flf!8 Ellie II to 

eoel. J1:1st prior to t1se, littt1e~ the gel-lea agar sol1:1tion, &Ela ti-to re 

lflfli11:tf!g ingreaieHIS, EIS solt1tioHS, if! ti-to folio II iHg ElfflOtlftt-9, e.na 

lflin: fer eaell 100 1tiL of the littueaea agar solution S lflL eflae 

lose solt1tioH (I in S), 2 lfl-L oftl-te eesiH Y solution(! ifi SO), EIBEi 2 

lflL of FHeti-i)·lene blt1e sol1:1tion (I in 300). Tl-to anisl-teEI FHeElitlffl 

ffifl)' net be eleflf. 
pH after sterilii'!&lion: 7.1 l 0.2. 
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XDi: . S,~OURAill:) Ql3XTROSl3 ,\GA.':i. r (EB Rn ( 

Delttfese ...... . ..... .. .......... .. . ... . 
Mi!ttltre ef eq1ml flal'l:s ef Pef1tie Digest ef ..... . . 
Anifflal Tisst!e and Panereatie Digest of Casein . . . 
Agar .............. ..... ... . ........ . . . 
\l.Zoter . . .. .. . . ......... . . ..... .... . ... . 

Mi,t , afls aoil te effuet selt!tiofl. 
flll a~er sterilii!aliofl: 5.6 1 0.2. 

XX. POTATO Ql3XTROSl3 AGA.':i. P 413QIUP i 

~ 

M-g 
¾ 

1000 fflL 

Geelt 300 g ef f1eeled afle eieee f1etatoes ifl 500 fflL of .. ater 
f1Fef1aree a)' eistillatiofl, Riter thret!gh eheeseeleth, aee water flFe 
flared a)' sistillatiefl te ffialte I 000 ffiL, a!'le aee the folle .. iHg: 

Agar ................ . ................ . 
Glt!eese . . .. ...... . ..... . .............. . 

Dissoh·e a) heatiflg, afle sterili!le. 
flll a~er steRli'ilatiefl: 5.6 1 0.2 . 
For t!Se, jt!st flROr to flOttRflg the fllates , aejt!st the ffleltee afle 

eoele8 te 45° FHe8iHM "ith sterile ffM18:rie aeiti □olutieH (1 iH 1 Q~ 

te a fill of 3.S 1 0.1. Do not reheat the fill 3.S H1eeittffi. 

8empliRg 

Pro;·iee sef1arate IO fflL or IO g SfleeimeAs for eaeh of the tests 
ealled for ifl the iflsi ,·iettal meHegraflh. 

Proeedtu•e 

Pref1are the Sfleeimen te ae testes, a) tfeatment that is Bf1f1ref1R 
ate te its ph)1sieal eharaeteRsties 1111a that sees net aher the flt!maer 
afle !tine e f mieroorganisrns oRginall)' present, in ore er te oataifl a 
selt!tien er sttspeHsiofl of all er pal'I: of it if! a fofffl St!itaale fer the 
test f1reeeetlfeEs) te ae eamee Ot!t. 

Fer a selie that dissol;·es to an appreeiaale eitteflt attt Het eom 
pletel)', reettee the st1astanee to a moeerately Rne flO "eer, St19f18nB 
it if! the 'ehiele Sfleeifatee, ans f1rOeeee as eireetee t!f!Ber HJ/a.' 
Ae, '8bie Af.ie1'<Jbia! Cew11, ans ttneer ktff!r S.taf)li,1!Ee€Jeeu9 aur 
e,w ami P9eHdfJm911a9 ae1<t1gi1w9a aRB ktfar S-afm911eUa Sf)eeieJ 
a,1<i &m~e, iehia e€Jti. 

For a Rttie Sf1eeimefl that eoHsists ofa trtte soltttiofl, er a sttsflefl 
sien iR 'Nater or a h)1Elrealeeholie ,·ehiele eoRtaifliflg less than 30~~ 
of aleohol, ans fer a selie that eissel ,,es reaeil) ans praetieall) 
eempletely in 90 fflL ofpl-f 7.2 Ph€J:'Jf)ha1e Breffe, er Hle media spe 
eifatee, f1reeeee as eireetee t!flBer RJta! Ae, €Jbie Uie1'8biat G.911111, 
af!d ttReer kl fa, &lftf)/t; ,1f1e9eeu9 a1t1 eH9 a11<i Pse11dfJ,11911a9 aen, 
g/1199a ans k1fa1 &h11€J11etla ~peeieJ a,,<i EJe,~e, iehia etJ!i. 

Fer .. ater irnffliseiale f1roettets , f1repare a sttsf1ensioR .~·ith the 
aid ef a FRiflimal qt!aRtit:,· ef a sttitaale, sterile emt!lsifyiRg ageflt 
Estteh as efle of the pol)·soraates), t1siflg a meeh1mieal aleneer 
aRe wafffling te a tefflperatltre Ret elteeeeiflg 15°, if Heeessary, 
ttflB preeeee with the St!Speflsien as eireetee t1neer Mia! Ae, €Jbie 
Mie,•'<Jbia.' C81t11/, aRB ttReer mtfOJ' &lftf)h,1foe9eeH9 aHl'E!HS a11tl 
Pse1t<i€J,11€J,189 ae, Ht!f:i11€J98 ans kt/a, Sa.~llt!llet!s Sf)eeieJ a,,<i E1J 

I '1 • T· erte, 1e,11a e€J,t. 
J:etal A.eFe&ie MieFeeial Ce11et Fer speeimens that are sttffi 

eiently solt!ale or tfansltieent te fleffflit ttse oHhe Piste Met,~€J<i, ttse 
tflat Method; otkePtvise, tt □e the 1\fftlti-pl,e tr,:8e J,f.ethori. l.\TitH either 
fflethed, Rrst dissel, e or SttSfleHe I 0.0 g ef the speei1fleH if it is a 

so lie, er JO FRL, aeottratel)' meast!ree, if the speeiffleB is a liqt1ie, iR 
pH 7.2 Phesf1hate Bt1ffur, Flt!ie So)aean Casein Digest Meeit!FR, 
er Flttie Casein Digest Soy Leeitliie Polysereate 20 Meeit1ffl te 
malte 100 FHL. Fer ,·iseot!s Sfleeirnens that eannot ae f1if1etee at tliis 
ieitial 1: JO eilt!tion, eilt1te the Sfleeifflen ttetil a sttsf1eRsion is ee 
tainee, i.e., l :SO or I: 100, ete., that ean ae f1if1etee. Perfefffl the test 
fer aasenee of iRhiaitOF)' Eantimieroaial) flFOperties as eeserieee 
t1Rder ,a, epa, a/9,, kti11g aefere the eetefffliflatieR ef Tatal Ae,''8 
hie Mie, tJbial C81t,11. ,\ad the speeifflen to the ffleeittm net mere 
than 1 hot!r after pref1ariflg the apprepRate eilt!tions fer ieoe1:1la 
ttOJr. 

JlLATH MHHOEJ Dil1:1te the Rt1ie Ft!fl:her, if Heeessaf) , se that I 
FRL ,.,,,ill ae enpeetee te yiele aetweeR 30 ans 300 eoloRies. Pipet I 
mL ef the Rflal eilt1tiefl eHte eaeh of t't, e sterile petri eishes . 
PreFRfltl) aea te eaeh sish 1 S te 20 mL ef Se)eeaR CaseiR Digest 
Agar Meeittrn that f1Fe;·iottsly has aeen ffteltes ans eeelee to ttfl 
prelliFRatel)' 15°. Ge·,·er the petri eishes, miit the sample with the 
agar a)' tilting or rotating the eishes, ans allo .. the eentents te se 
lieif) at reom temf1eratt1re. ln;·ert the petri eishes, afle ieettaate for 
18 te 72 het1rs. followiflg inettaatiofl, enamine the plates fer 
gre n"th , eo tlflt the n1:1maer of eeloeies, ttf!B eltf1ress the a, erage 
for the two plates in tefffls ef the Rt1ffteer ef mieroorganisffls per 
g or f1er fflL ef SfleeiFRefl. If He mieroaial eelenies are reeo, eree 
frem the eishes reproseHting the iRitial 1: 10 eiltttion ef the speei 
mefl , ellf1Fess the resttlts as " less than 10 fflieroorgaHis1fls per g or 
per FRL ef speeiFRefl." 

HUL+IPLH TUBE HHTIIOE) IRtO eaeh ef fet1rteen test tt!aes ef 
similar si!le plaee 9.0 fflL ef sterile Flt!ie So)aean Casein Digest 
Meeit1ffl. AffaRge IYieh·e ef the titees in fottr sets ef three tltees 
eaeh. Pt1t asiee OAe set of three tttaes to ser, e as the eefltfels. Into 
oaoh ef three tt!l>es ef efle set E" 100") aRe i8te a fe1:1fth tt!ae &4) 
pipet 1 FRL efthe soltttieA or sttSfleHsion of the speeimefl, tt8B mill. 
Frem tt!ae A, pip et I mL of its eoRtents inte the e8e remaifliRg tt!ae 
EB) Ret inel1:1eee iR a set, ans mill . These two tt!ees eentain 100 FRg 
Eer I 00 "'L) ans IO fflg Eor IO "'L) of the Sf1eeime8, respeeti;·ely. 
IHto eaeh of the seeoRe set f' IO") of three tt!aes fliflet I fflL from 
tltee A, afld iflto eaeh titee of the thire set f' I") flipet I FRL froffl 
titae B. Diseare the t1Rttsee e0Rte8ts eftt!aes A aRd B. Giese well, 
tt8B ieet1aate all ef the titaes. Fellewi8g the iHettaatien peRee, en 
aFRine the titaes for grewth: the three eeRtfol titaes reFRain el ear ans 
the oaser;·ations iR the titaes eeRtaiRiflg the speeiFRen, wheR inter 
pretee ey refereeee te Tuale I ' i8Bieate the mest j3reaaale 8ttmaer 
ef mieroerganis1Hs per g or f1er fflL ef Sfleeimefl. 

J:eele 1, ~<test PFohele Tutal Cettet a,· Multiple t11ee 
Methed. 

Oaser;·ee Gomainations of Nttmaers of Tt1ees 
She .. iHg Gro .. th ifl Baeh Set Most Preaaale ______ ,.,_ __________ ~lttfflaer ef Mi 

No. of FRg Eor FHL~ ef Siieeimen iier Tuee ere organisms per 

100 (100 µL~ I O (I O µq ±:::f±::ttt-z 
; ; 
; il: 
; + 
; G 
il: ; 
il: il: 
il: + 
il: G 
+ ; 
+ il: 
+ + 
+ G 
G ; 
G il: 
G + 
G G 

g or flOF FRL 
~ 
HOO 
~ 
~ 
29G 
;;.,1-G 

-l-5-G 
9G 
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Table 2. A'laFpltalagie Clt1m1eteFisties af Sfttphyl<JetJeeNs IINl't!HS 88 Seleeti•,re .t.g1u MeElie, 
Seleeti, e Metii1:1ffl \'egel Johftsea AgM Metii1:tffl Mal'lftitel Salt Agar Metiitlffl Bairti Parlcer Agar MeEli1:tffl f,haraeteristie Coloaial Mor Blaelc s1:1rro1:1atieti b)' )"eilow 2oae ¥elleYi' eelenies .. itft) ello .. 2eaes Blaek, sliin) , s1:1rre1:1atieti b) ~ 

eleM 2enes 2 to 5 fflffl Glllffl StaiH Positi, e eoeei fia el1:1sters) Posi!i ,·e eoeei fia el1:1sters) Pesiti, e eeeei fin el1:1sters) 

ll!i 11e1H El %eHtJ.tJmtM , Jt,etJeeHs ""' eHs en • Casein Digest Mo '.fest filr Slt#p,1)> i£HeH atiti fl1:1iti Seybea~ffline Hie £Hetiilffl'I 
·11tJSII +e the sge~L fflin , anti ine1:1bate.aH i::oe1:1l11ting leofJ to r ......... ••, · .. ;, , ..... , .... , , , ••• , ...... 111 

Ii aati I gro " • the s1:1r;tee O ' · I 8alt fer gro "t , . of !He £Heti11:1ffl en 4 tii1:1ffl er M11nn1to strea!c a fl~rt1oa r Bairti Parlcer Agar ~. :- ffl ~aeh plateti en f)et Agar Meel11:1£H Ee ti f Cetr4ffliele Agar Me . Jtt b te ff l!fJBH eJHlfFI Agar Metii1:11~) an tioim·ert the tiishes, IIFlti l!lettloani~s , haYiag tlie ritiislies. Co,eranf the fllates eeata1ns t~= £Hetiia ttseti, the test tnatien ,_ a~n~-:eel in Tables 2 anti: fe: £HfrornSlttp,~)l13e8eeHs eharaeteAsttes I the req1:1ire£Hents fer ee o . ···=:~::. ..... , .. ti -::::il:,;,; .. ,,,,..,.,, :.~.~:.::: '':.i,cc'""' ·"°'" ... :,;,;.,, ,.,,.,,.., .. .,, • •:: M,,; • ., ~" ,r e ; ........ :.l',i:',e':· ,r ••• "'••• ,'J~i:::,;.;: M,,; • .,J ".7. ffoffl tlie aga~ ar Metii1:1£H, or Ml!Flnt o ffl!lfflffl!tliaa, f)refera ) Bairel Parlc:r ng aeli eoataiaiag ~.5 £HL o~able atitiiti ,·es. lnettbate e · ·iti1:1al ti:! es, e ·ta or .. 1tliottt s1:11 r~bit or horse, fll!l9£H!l "I 

in a dater bath at 37° I . , eimlfflnlllg the ~ b 3 ~1:1ent y at s1:11table iriteP.·als l!fl to 2 4 k -tt es at !iottrs l!Flel s1:1bse ti' e BBH':£ols si£Httit!lfteo1:1sl) ·•ith o1:1rs . +est flOSiti\·e anel nega eoagttlat1on in an,· elegree is e~sor tft: ;tt1tnow~ speoi£Hefts. If no q1:11re£Hents of tlie test for absene:· ef 8 t e, Sflee1£Hen ffltiets the re OXIDASlo A~IQ PIGHloNT TloST~ ~fl)l13e8eeHs aH, eHS G}PCQ&4) ',Vitft tlie aiel ofan inoe1:1laf (rg~ PEEU9QHQ,H,4,S A.Ell b' sttspeet eo!ofties from the agM s1:1rn ing loop, ~tr~alc representati\·e en tlie agar s1:1rfttees of Pse1:1tiofflaee ~f CetArn1ele AgM Metiilffl'I of fl1:1oresein IH!ti Pse1:1elorne e~as ngar !l._4etiitlffl fer Deteotien P)'BB)'!ltHB: eentai:B:eel i:B: otri nas ngar Meti11HR for Detoetien of be transferree, tii' itie the ~l:lfftt:~s:es. If n1:1rne~o1:1s eolonies Me to of "li1eli ffl!l)' be inee1:1!ateti fr f eaeli plate HJte qttaer!lflts eaeli , ert the iaeettlateti rnetiia a ti ~ffl absep!lfate eolosy. Co·,·er ~ti in tftree ~!l)'S. Bnarnifle tlie 'str~a:~1:1 ate at 35 I 20 fer net less tftan Bita~ne the fllates te eleterrnifte ..• :::~ees ~n~er 1:1ltra\·ielet liglit aetenstles listeti iH Table 3 " er ee BfHes lia, ing Ille eha . !lfe preseat. r 

Tub le 3, A'larplt818gie Clt1ueeteFisties af PseHHH1811t1s 11erN-ginBs11 88 Seleeti•ie eed Diegeastie l,ger Mellie. 

Meettffft Cetrirnitie Agar Metiittrn 
Charlleter4stie Colenial MoFf!hology Goaorllll)' greeRish 
P:lttoresoenee in Ultra·,·iolet Liglit Greenish 
0Jtitiase Test ~ 
.G.rl!ffl Sl!!in J>legatia,·o retis 

CoRftfffl an, s1:1sfJeet eoloaial gro n'IH ea eae or £Hore of Ille £Hee ill as PseHfi(NltJ.1as ae, Htf:i.18sa by £He!lfls of the oititiase lest. Uf)OH the eoleftial gro h'tH fllaee or transfer eelesies te strif)S or aisles ef alter p!!fJer that f)re,·ie1:1sly has been imf)regnateti with A',l\' tii fflBH"I) Ip fJhea, leaetiitlffline tiili) elroeliloritie: if tliere is HO ele\·el BfJR!eHI ofa pinlc eoler, ehasging to fll!ffJle , Hie Sfleei£Hen £fleets Hie req1:1ire£Heftts of the test fer tho abseaee of PsettftB.118,1as ae, H ginB§a. The f)reseaee of ,f.¼eHtf81'11811as ae, Ntf:i11Bsa ffl!l)' be eea Rr£Heel b) other s1:1itablo e1:1lt1:1ral anti bioehe£Hieal te sts, if 11eeessary. 
Test faF StdH18,1eUtl Speeies eftEI E!iehe, iehi11 eBli To tlie SfJeeimeft, eoataiaeti ia a s1:1itable ,·essel, atiti a •,·el1:1ffle of fl1:1iti Llletose Metii1:1£H to £Halce I 00 fflL, aati iaettbate. Bita£HiHe the fflB tii1:1R1 fer growth, !lftti if growth is f)reseat, £Hin b, geatI,• shalciag. Pif)el I 1lTI., por1:ioas iato , essels eoftlaiHing, respeeti, el, , IO £HL of P:lttiti Seleaite C) stifle Metiittffl !lftti fl1:1iti Tetrathieftate Metii1:1£H, ffiiJt , anel i11e1:1bate fer 12 to 21 !iottrs. ERetaia the re£Haintier ef the fl1:1iel Laetose Metii1:1£H.) 

TloH FOR li.llMQN-EllA 6P6.;;mc 8) ffl8!lfl9 ofllFI iHoettlatiflg IOBfl , strealc fJOrtioas frem bola the sele11ite e,·,tiae aati tetralliienale £Hetiia on tlie smfttee ofBrilliaat Greea Agar Metiittrn, :>t)lose L)' sine Desoi1,·eliol11te Ag!lf Metii1:1m, !lflti Bis£H1:1th S1:11Jite Agar Me tiit:lffl eoataiaeti ia fJBlr4 tiislies. Co•,·er aftti ia, ert the tiislies, aati i11e1:1ba1e. UfJon eimrninatien, if aeae ef tlie eoloaies eonfofffls to ~e tieserif)tion gi•.·en in Table 1 , !lie SfJeei£HeH meets the req1:1ire ffleals of !lie lest fer ab seaee of the gentts Sal,118,1etla . 

PsettelorHBft!lS Agar Metii1:1rn ferPse1:1tierneH!lS Agar Metiil:lffl Deteetien ef fl1:1ereseifl for Det-eetieH of Pyoe)'!lflin 
Geaerall)' eelorless le ) ello\.'isli Geaerall) gt'eenisli 
¥ellewisli 8-ttte 
~ ~ 
l>l!.!galiYl:l~ J>logati ,·e roes 

'Ieble 1. M8Fplt818gie Cltereeteristies af Sllln1tJnelhl Speeies 
88 Seleeti~•e Ager Media. 

Meetl:lrn Deseriprion of Colon) 
=!!ft! Greea Ag!lf M,e Srn~II, lranspMent, eelorless er f)ift!c to 

wli1te Ofl!lq1:1e Efreq1:1eetl)' s1:1rro1:1aeoti 
b) fJi:B:lc t-o reel 2ene~ 

:>t)·lose Lysine DesBJt) Ree, .. ith er withe1:1t blaelt eeaters ohelale Agar Metiitlffl 
Bis£Httlli SttlR!e AgarBlaelc er greea 
~ 

If eelenies of Graffl negati .·e roes £Hateliiflg tlie eleserif)rion ia Tu'ele 1 are fe1:1ati , fJFOeeeti .. illi ~rt~er _i~eat1Reat-1ea b, trafts!er r4ftg ref)reseatati, e Sl:ISfJeet eelos10s tft81\'tti1:1aH) , b) ffie~s ef !!ft iaee1:1latiflg ,, ire, te a btttt slant tl:lbe efTrif)le S1:1g!lf Iron ng~r Me ei1:1ffl by ftfst stroalci:B:g !He ,1:1rfaee of the sl!IHt aati ~e~ stabbmg the wire well beaeatli Hie s1:1rfttee. Ine1:1bate. If eitarn1aat10': el1~eles?.s RB e ,·itienee ef tl:lbes ha•.·iHg aJ:kaliae Ereti) slasts aati ae1ti 6 ello "? bt1tts E ..'itft or withe1:1t ooReBfflttllf!t blaelten1ng ef !lie b1:1_tt froffi H) erogen s1:11fttie f)retittetien), !He SfleeHHen
1 
£Heet~

1
tft2 req1:11£ernests ef the test fer the abseaee ef tlie gentts &urw,ieua:. 

. a 'ee e'etai11etl e, 1:1se efpreeetlttres 2 • tltlitie11al eefltiffflfllel) e .1tlese~ If! ' fl'te 40 4G 12:th etl. (19,'5), see n 4li · €>/fieit,' ' kf11Bth cfAm, . tmt Cl) • ' ' ' 
set k!Ph 111 , n . 
tiBIIS q6_Ql3 q6 .Q2:e . 
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n;sT FOR bl,GJff.b.P.,tG.Wd r;;g;,' B;· FHeaHs of liH ifloe1:1latiHg loofl, 
strealt a flORioH ffoFH the remaiHiHg fhlie Laetose Meeittm OH the 
,ttffaee of MaeCoHlte;o Agar Meeittm. Co, er &He iH, eft the eishes, 
aHe iHetteote. UflOH enOfflif!otioH, if HO He of the eoloHies eoflfefffls 
to the eesef4jltioH gi, eH iH Taele 5 fer this meeittm, the SflBBimeH 
meets the reEj1:1iremeHts of the test fer aeseHee of E:Je,11e, ie,~itt eBli. 

Table S. Morphologic Cherederisee§ of &e,'1e, iehitt eB{-i OR 

MeeC01tl.e~· Ager Medittlft. 

Gharoeteristie GoloHiolBrielc reel; may ho,·e sttrrOttHeling i!OHB 
MmpholOg)' of preeipitotee eile 

Grom 8toiH ~legati l'B reels (eoeeo baeilli) 

If eoloHies rHatehi0g the eleseriptioR iH Taele 5 llfe fettHe, f!ro 
eeeel ll'ith Ft!rther ieeHtilieatieH e;· a<aHsferriHg the sttsf!eet eoloHies 
iHei ,·ielttall; , e; rHeaHs ofaH iHoettlatiHg loop, to the sttrfaee efi!'e 
,iHe eesiH Meth; leHe Bltte Agar MeeittFH, 13latee OH pea-1 01s es. 
If HttrHeretts eele0ies are te ee a<aHsferreel, eiYiee the sttrfaee ef 
eaeh fl late iHte Ejttaelr!!flts, eaeh ef "hieh FH~ ee seeeee §aem a se13 
arate eeleH;. Ge, er !!HS iH•,<eft the plates, aHe iHetteate. U13eH eit 
aFHiHatieH, if HOHe of the eoloHies eHhieits eeth o eharaetef4stie 
1fletallie sheeH ttReer reReetee light aHe a eh!e elaelc ap13earaHee 
ttHeer aaansrHi~ee light, the speeiFHeH meets the reEj1:1irerHeHts ef 
the test fer the aeseHee ef E:Jehe, ie,~itt eB,'i. The preseHee ef Es 
che, iehitt eBU ma;· ee eeHHffflee b;· ft:trther s1:1itaele ettltl:lral ane 
bieeherHieal tests. 

Tatel Co1Rbi1ted Molds e1td ¥eests Co11Rt Preeeee as fer the 
P.lttle Melhod ttHeer T81ttl Ae1·ohie M-ie,, Bhittl C61J111/, eHee13t fer 
1:1siHg the same ame1:1Ht ef 8aeottra11el Dentrese Agar Meeli1:1fH or 
Petato Deittrese Agar Meeittm, iHsteae ef 8o;·eeaH CaseiH Digest 
MeeittfH, liHS mtee13t fer iHetteatiHg the iH,•eftoe petri eishes fer 5 te 
7 8!!)'5 Iii 2Q 0 to 25°. 

R:dest fer the p1:1rpese ef eeHHfffliHg a eettetft!l resttlt e; !!H)' 
ef the preeeeltll'es etttliflee if! the foregoiHg tests fellewi:ig their ap 
plieatieH to a I Q.Q g speeirHeH, a retest OH a 25 g speo1FHeH ef the 
HtttritieHal s1:113plefHeHt fHlij ee eoHettetee. Preeeee as e1reete~ t!H 
eer A oeetlt11 e, ettt malce allewaHee for the larger spee1rHeH s1i!e. 

•INTRODUCTION 

Tkis ekaf!ter deseriaes ffliereaielegiee.l f!reeed1:1res effl 

f!le)·ed te estifflate tke tete.1 Ht1fflaers ef aereaie ffliereerge.H 

isffls, )'easts e.Hd fflelds, eeliforffl ae.eterie., e.Hd 

eHtereae.eterie. f!reseHt iH Ht1tritieHal e.Hd dietaf)• Sl:lflf!le 

IfleRts e.Hd aete.Riee.ls, iRel1:1diRg raw ffle.terials, eirnif!iOHts, 

e.Rd ReHsterile dese.ge ferffls.This chapter provides tests 

for the estimation of the number of viable aerobic microor

ganisms present in nutritional supplements of all kinds, 

from raw materials to the finished forms . Alternative fflteffl

aielegiee.1 f!reeed1:1res, iHel1:1diHg e.1:1teffle.ted methods may be 

substituted for #¼ese the tests, provided that they have been 

YB.iide.ted e.s aeiHg O<:J:l:li,·e.leflt ifl tkeir s1:1ite.aility fer deter 

tfliHiHg OOfflf!liaHee (see Praeedure,; uHder Tests ct11d Assays 

iR tke Ge11e1·ctl 1>/.atiees). properly validated as giving 

equivalent or better results. In preparing for and in applying 

the tests, observe aseptic precautions in handling the speci

mens. The term " growth" is used in a special sense herein, 

i.e. , to designate the presence and presumed proliferation of 

viable microorganisms. 

E·,·ef)' HeHsterile e.rtiele Heed Het ae testea 8)' e.11 ef tke 

preeedures f!reseHteci kereiH. In fe.et, it weulci Het ae useful 

te de aetk !!.fl eHtereae.eterie.1 ee1:1Ht B.fld a eelifefffl eet1flt. 

Miereaie.1 eHt1fflere.tieH lifflits fer ee.ek ef tke eeuHts are Sf!e 

eified iH the iadiYid1:1e.l ffleHegre.f!H. [J>JOTB IR fflest iH 

staHees, miereaie.1 eeUBts are ei,f!ressed e.s tke HUfflaer ef 

oeleHy fefffliHg UHits (efu) f!OF g er f!eF fflL efthe e.rtiele l:lfl 

der test.] If Het iHeluded iH tke ffleHegre.f!H, tke lifflits are 

de~•eleped witk g1:1ide.Hee freffl M-ierahia/,9-giectl AU-rihuh3s 

efi\T.a11sten'f.c l1-lbth'W8!1ctl ct11d Diekit-y A,·tiel-es (~)~ 

de,·elef!fflOflt aeiHg eased efl tke He.ture, usage, Elfld l!.flf!liee. 

tioH ef tke f!B.rtie1:1le.r HutritieHe.l er dietary e.rtiele. Referee 

tests fer seffle eejeetieae.ale miereerge.HiSfflS, rele,·e.Ht te Hu 

tritieHe.1 e.Hd dietary· e.rtieles, are deseriaed 1:1Hder Mic1'8hia 

lagiectl P1·aeedures fa, Ahse1iee af Ohjeetia11cth!e 

Aliernarganisms in Nutri1ia11ctl a11dDieki1,·Ar#ele,; (~)~ 

PREPARATORY TESTING 

The validity of the results of the tests set forth in this 

chapter rests largely upon the adequacy of a demonstration 

that the test specimens to which they are applied do not, of 

themselves, inhibit the multiplication, under the test condi

tions, of microorganisms that may be present. Therefore, 

preparatory to conducting the tests on a regular basis and 

as circumstances require subsequently, inoculate diluted 

specimens of the material to be tested with separate viable 

cultures of the challenge microorganisms. 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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For the Soybean-Casein Digest Agar used for Total Aero

bic Microbial Counts, inoculate duplicate plates with 25 to 

250 cfu of Staphylococcus aureus (ATCC 1 No. 6538), Es

cherichia coli (ATCC No. 8739), and Bacillus subtilus 

(ATCC No. 6633) to demonstrate a greater than 70% bio

burden recovery in comparison to a control medium. For 

the Sabouraud Dextrose Agar used for Total Combined 

Yeast and Mold Counts, inoculate duplicate plates with 25 

to 250 cfu of Candida albicans (ATCC No. 10231) and As

pergi/lus niger (ATCC No. 16404) to demonstrate a greater 

than 70% bioburden recovery in comparison to a control 

medium. For Enterobacterial Probable Number Determina

tions (Bile-Tolerant Gram-Negative Bacteria), appropriate 

dilutions of Escherichia coli (ATCC No.8739) and Salmo

nella typhimurium (ATCC No. 13311) are used. Failure of 

the organism(s) to grow in the relevant medium invalidates 

that portion of the examination and necessitates a modifica

tion of the procedure by (I) an increase in the volume of 

diluent, the quantity of test material remaining the same, 

or by (2) the incorporation of a sufficient quantity of suitable 

inactivating agent(s) in the diluents, or by (3) an appropriate 

combination of modifications to (I) and (2) so as to permit 

growth of the inoculum. 

The following are examples of ingredients and their con

centrations that may be added to the culture medium to neu

tralize inhibitory substances present in the sample: soy 

lecithin, 0.5%; and polysorbate 20, 4.0%. Alternatively, re

peat the test as described in the preceding paragraph, using 

Fluid Casein Digest-Soy Lecithin-Polysorbate 20 Medium 

to demonstrate neutralization of preservatives or other anti

microbial agents in the test material. Where inhibitory sub-

1 Avai lable from ATCC, 10801 University Boulevard, Man
assas , VA 20110-2209. Equivalent microorganisms , pro
vided that they are from a national collection repository, 
can be used in lieu of ATCC strains. However, the viable 
microorganisms used in the test must not be more than five 
passages removed from the original ATCC or national col
lection culture. 

stances are contained in the product and the latter is soluble, 

a suitable, validated adaptation of a procedure set forth un

der Procedures using the Membrane Filtration Method may 

be used. 

If, in spite of the incorporation of suitable inactivating 

agents and a substantial increase in the volume of diluent, 

it is still not possible to recover the viable cultures described 

above, and where the article is not suitable for the employ

ment of membrane filtration, it can be assumed that the fail

ure to isolate the inoculated organism is attributable to the 

bactericidal or bacteriostatic activity of such magnitude that 

treatments are not able to remove the activity. This informa

tion serves to indicate that the article is not likely to allow 

proliferation or contamination with the given species of mi

croorganism. Monitoring should be continued in order to 

determine the inhibitory range and bactericidal activity of 

the article. 

BUFFER SOLUTION AND MEDIA 

Ce11eul Ca11sidenlia11s UHless eHierwise speeiaed fer 

the pat1iet1lar ft!edittFH, disseh·e selttble selids iH pttriaed 

v,·ater, b;• heatiHg, if Heeessat:,·, te effeet eeft!plete seltttieH. 

[l'tOT!o Distilled er deieHi2ed ·,veter ft!a;· be ttsed if! plaee 

ef 1mriaee water. Heat eaH be applied b;· ft!eaHs ef a water 

bath, het plate aHe stirriHg bar, er ether atttefflatee agar 

preparatieH eqttipffleHt.] Adjttst witk h;·ereehlerie aeie er 

sedittffl hydreitiee te a desired pH, aHd sterili2e. The pH 

is eeteffflined at 25 l 2°. UHless etherwise it1eieated, pre 

pared bttffer aHd H1edia are sterili2ed ttsiHg a -.·alidatee 

preeedme (see Stcrili:::cttir:m ct,ui $tc1·ility Assw ctiwc &JC<:Jm 

pcncl:ict{ Artie{-c.s (+2-H-). ef!Sttre that all ffleeia FHeet the re 

qttireffleHts fer Grawth Pr-ama#a11 fut lffleer Stcrilitj· futs 

(++), pre-.·ieee the eeHditieHs speeifi.ed iH Table 1 are eFH 

ple;•ee. CeFHft!ereiall;• aYailable reageHtS, eeh;•eratee ettl 
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tttre ffiedia, or ready to use ffiedia eOffifJaraele to tla!ose de 

serieed la!ere ffifi)' ee used, flrOYided ilie)' ffieet tla!e saffie re 

qui-rea1eBts . 

Culture media may be prepared as follows, or dehydrated 

culture media may be used provided that, when reconsti

tuted as directed by the manufacturer or distributor, they 

have similar ingredients and/or yield media comparable to 

those obtained from the formulas given herein . 

In preparing media by the formulas set forth herein, dis

solve the soluble solids in the water, using heat if necessary 

to effect complete solution, and add solutions of hydrochlor

ic acid or sodium hydroxide in quantities sufficient to yield 

the desired pH in the medium when it is ready for use. De

termine the pH at 25 ± 2°. 

Where agar is called for in a formula, use agar that has a 

moisture content of not more than 15%. Where water is 

called for in a formula, use Purified Water. 

Bttffet, 

Buffer Steel, Selutie1t Tra11sfer aeout 3 4 g of ffiORoeasie 

flOtassiuffi flROSflRate to a 1000 ffiL ,.,oluffietrie Flask, dis 

soh•e in aeout 500 rnL of water, adjust witla! aeout 175 

ffiL ofsodiuffi R)'CH'Ollide TS to a flH of7.2 J_ 0.2, add water 

to Yolurne, and 111i)(. Disflense i11 eontainers, a11d sterili2e. 

Store u11der refrigeratio11. 

pH 7.2 Phasphete Buffer Preflare a ffiiilture of water and 

Buffe1· &oek &!1;11.io,1 (800: 1), a11d sterili2e. 

pH 7.2 Phosphate Buffer 
Prepare a stock solution by dissolving 34 g of monobasic 

potassium phosphate in about 500 mL of water contained in 

a 1000-mL volumetric flask . Adjust to a pH of 7 .2 ± 0.1 by 

the addition of sodium hydroxide TS (about 175 mL), add 

water to volume, and mix. Dispense and sterilize. Store un-

der refrigeration . For use, dilute the stock solution with 

water in the ratio of 1 to 800, dispense as desired, and ster

ilize. 

Media 

Prepare media for the tests as described below. Alterna

tively, dehydrated formulations may be used provided that, 

when reconstituted as directed by the manufacturer or distri

butor, they meet the requirements of the Growth Promotion 

Test . Unless otherwise indicated elsewhere in this chapter, 

media are sterilized in autoclaves using a validated process. 

The exposure time within the autoclave at 121 ° will depend 

on the volume of media to be sterilized. Thus, for example, a 

500-mL volume would need to be autoclaved using a tem

perature and time relationship that will ensure that the me

dium has attained at least an F0 of 12-15 in the sterilization 

process. However, the appropriate time and temperature 

duration for sterilizing prepared media at any given volume 

should be confirmed by a thermal penetration study using a 

thermocouple or thermoprobe placed within the liquid me

dium. 

FLUID CASEIN DIGEST- SOY LECITHIN-POLYSORBATE 
~ 20 MEDTIJM 

Pancreatic Digest of Casein ... ... ... . 

Soy Lecithin .... . .. ........ ... .. . 

Polysorbate &G 20 ... .. ........... . 

Water . . ................ ...... . . 

20 g 

5g 

40 mL 

960 mL 

Dissolve pancreatic digest of casein and soy lecithin in 

960 mL of water, heating in a water bath at 48° to 50° for 

about 30 minutes to effect solution. Add 40 mL ofpolysor

bate &G 20. !flin, Elfle eispense as eesiree. Mix, dispense as de

sired, and sterilize. 
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SOYBEAN-CASEIN DIGEST- AGAR MEDIUM 

Pancreatic Digest of Casein .. _ .. __ . __ 

Papaic Digest of Soybean Meal _ . ___ . _ 

Sodium Chloride ...... _ . ......... . 

Agar ... _ . ... ... .. _ .. _ .... __ ._ . . 

Water __ . .. ... _ ... . ... . ....... _. 

pH after sterilization: 7 .3 ± 0.2. 

15 _0 g 

5.0 g 

5.0 g 

15.0 g 

lO00mL 

FLUID SOYBEAN- CASEIN DIGEST MEDIUM 

Pancreatic Digest of Casein _ ....... . . 

Papaic Digest of Soybean Meal ... ... . 

Sodium Chloride ................. . 

Dibasic Potassium Phosphate ........ . 

Dextrose _ .. ____ .. _. __ . __ . __ ___ .. 

Purified Water ........... .. . _ . ___ . 

J7 _0 g 

3.0 g 

5.0 g 

2_5 g 

2_5 g 

1000 mL 

Dissolve the solids in the water, heating slightly to effect a 

solution. Cool the solution to room temperature, and adjust 

the pH with 1 N sodium hydroxide so that after sterilization 

it will have a pH of7.3 ± 0.2. Filter, if necessary, and dis

pense into suitable containers . Sterilize as direeted aee,·e at 

a temperature and time relationship that will ensure that the 

medium has attained at least an F0 of 12- 15 in the steriliza

tion process, or by a validated filtration process . IHeueate 

1:1Hder aereeie eeHditieHs. 

SABOURAUD DEXTROSE-AGAR MEDIUM 

Dextrose .... __ .. ...... _ .. . . _ ... . 

Mixture of Peptic Digest of Animal Tissue 

and Pancreatic Digest of Casein ( 1 : 1) .. . 

40_0 g 

10.0 g 

Agar_ . . __ .. ___ ... __ ... . _ . .. ... . 

Water .. . _ .. ______ ._._ .. _ - . . - - - . 

Mix, and boil to effect solution_ 

pH after sterilization: 5_6 ± Q_2_ 

15 _0 g 

1000 mL 

PO+AfO DB:XTR05B AGA.'1.. MBE>IUM 

Geek 300 g ef peeled aHd dieed petatees iR 500 fHL of 

dis@ed water, filfer tRre1:1gh eheeseeleth, add distilled water 

te rHake 1000 fflL, aad add tlte fellewiHg: Disseh·e e~· heat 

iag, aHd sterilize. 

Agt¼f. - . .. - . .... .. - .. . - .. ... . - . . 

Deiltrese. ___ . ___ .. _. _ .. _. __ . ___ . 

pH after sterili2atieH: 5_6 I 0 

~ 

~ 

:J - .2 
1:1st prier te - -peunHg eate th I d- e P ateG 1 

tuffl te 4 50 d _ ' eee tlte fflelted 
' aH adJust ···ith - ffle - n stenle tart - _ 

tH 10) tea pH ef3 .5 I Oane ae1d selutiea (1 
~ _ l _ De Het reheat after adj1:1stittg the 

BRlLUA1>IT GRE61>1 L".:CT0£6 (OR DHXTRO£E) Brr,i; 
BROTll 

Dried PepteHe __ ...... _ . . _ . ... .. _ . 

Laetese (er Deita=ese) ___ _ ... _ . _ . ___ . 

Oll Gall . __ . ____ . ____ . _ . __ . _ . ___ . 

BrilliaHt GreeH . .. ___ ...... . _ . .. __ _ 

~ -------------·---· -- ----·-

-W:½ 
-W:½ 

~ 

13 _3 fflg 

1000 qtL 

Disseh·e pepteHe aHd !aetese iR 500 fHL ef v,·ater. Add 

20_0 g efdehydrated mt gall disseh·ed tH 200 fflL efwater_ 

The pH efthis se!utieH is eetweeH 7_0 aHd 7_5 _ Mill, aad add 

water te rHake 975 rHL 1\dj1:1st tea pH ef7.4_ Add 13.3 mL 

eferilliaHt greeH selutieH (0.1 iH 100). Add water te fflalte 
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I 000 fflL. Dispense ints 16 H 150 fflffl feRHentatisn R:tees, 

fflaking eertain that the fh:1ie le,,•el es•,•ers the inYeftee 10 )< 

75 lflffl tttees . 

13H after sterili2:atisn: 7.2 l. 0.2. 

LAURYL TRYPTOSE BROTI I 

Tl)•ptsse er TF)·13tiease . .. .......... . 

Laetsse ................ . .... .. . . 

Dieasie Pstassiuffl Phssphate ........ . 

Msnseasie Pstassiuffl Phssphate ...... . 

Sseiuffl Chlsriee ................. . 

Sseiuffl Lattf)'I Sulfate ....... .. . ... . 

\Vater .. .... ......... . . . ....... . lO00fflL 

Dispense 10 mL psrtisns ints 16 H 150 fflttl feRHenta 

tisn tttees, fflaking eeftain that the fluie le,•el esYers the in 

Yertee IO H 75 fflfl'l R:tees. 

fJII e.Aer slerilize.lieR: 6.8 ..L 0.2. 

FLUID LAGTOSB MEDIUM 

Beef Eict;raet .................... . 

Panereatie Digest sf Gelatin ......... . 

Laetsse ........................ . 

Water . . . . . . . . . . . . . . . . . . . . . . . . . . 1000 fflL 

pl I after sterili2:atisn: 6.9 l. 0.2. 

Casi as Etuiekly as psssiele after sterili2:atisn. 

VIOLET-RED BILE AGAR WITH GLUCOSE AND 
LACTOSE 

Yeast Extract ........... .. ...... . . 

Pancreatic Digest of Gelatin ..... .... . 

3.0 g 

7.0 g 

Bile Salts . ... . .... ........ . .... . 

Lactose ......... .. . .... ... .. ... . 

Sodium Chloride . ..... .... .... ... . 

D-Glucose Monohydrate .......... .. . 

Agar ........ . .. . ......... .. ... . 

Neutral Red ...... . .. .. .......... . 

Crystal Violet ............... ... . . 

Water ............... ......... . . 

1.5 g 

10.0 g 

5.0 g 

10.0 g 

15.0 g 

30 mg 

2 mg 

1000 mL 

Adjust the pH so that it is 7.4 ± 0.2 after heating. Heat to 

boiling, but do not heat in an autoclave. Pour onto plates. 

MOSSEL-E TEROBACTERIACEAE ENRICHMENT 
BROTH 

Pancreatic Digest of Gelatin .. ....... . 

D-Glucose Mono hydrate .. .. ........ . 

Dehydrated Ox Bile ............... . 

Monobasic Potassium Phosphate ...... . 

Dibasic Potassium Phosphate ........ . 

Brilliant Green ................... . 

Water .............. ........ ... . 

10.0 g 

5.0 g 

20.0 g 

2.0 g 

8.0 g 

15 mg 

1000 rnL 

Suspend the solids in water, and heat to boiling for I to 2 

minutes. Transfer 120-mL portions to 250-mL volumetric 

flasks or 9-mL portions to test tubes, all being capped with 

cotton plugs or loose-fitting caps. Heat on a steam bath for 

30 minutes. Adjust the pH so that it is 7.2 ± 0.2 after heat

ing. 

GROWTH PROMOTION TESTING 

Each lot of dehydrated medium bearing the manufacturers 

identifying number or each lot of medium prepared from ba

sic ingredients must be tested for its growth-promoting qua-
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lities. Cultures of Staphylococcus aureus (ATCC No. 6538), 

Escherichia coli (ATCC No. 8739), Bacillus subtilus 

(ATCC No. 6633), Candida albicans (ATCC No. 10231), 

and Aspergillus niger (ATCC No. 16404) are used. A 10-3 

dilution of a 24-hour broth culture of the microorganism 

to the first dilution (in pH 7.2 Phosphate Buffer or Fluid 

Soybean-Casein Digest Medium) may be used as the inocu

la. Serially streak plates of the media with the appropriate 

inocula to obtain isolated colonies to demonstrate the 

growth-promotion qualities of the Soybean-Casein Digest 

and Sabouraud Dextrose Agar media. Inocula the Fluid 

Soybean-Casein Digest Medium and Mossel-Enterobacter

iacae Enrichment Broth with 10 to 100 cfu of the appropri

ate challenge organisms to demonstrate their growth

promotion qualities. 

SAMPLING 

U11less ethep,•,·ise speeities iH the iHsiYisttal ffiOHograph, 

fer testiHg of eiteipieHts, ettlk aefr,·e iHgresieHts, er ether 

raw ffiaterials, ttse a eeffipesite saffipie of the lot e;· saffi 

pliRg a R\:lffieer of eoRtaiHers, theH peeliRg the saffiples, 

miitiRg theffi thorettghly, aRs reffie•,·iRg 1 Q fflL or IQ g, or 

soffie other appropriate Ej:ttaRtity, fer fttrther testiRg. A saffi 

13le siee of lQ H1-L or lQ g fer testiflg ef HeRsterile feffflttla 

tie Rs is eetaiRes e;r SaffipiiRg 1 Q HHishes 13rest:1et 

eeRtaiRers. 'Nhere this saffi13!e siee eaRHet ee eetaiHes freffi 

lQ eeHtaiHers, ttse aeeitieRal eeatai.aers. Provide 10-mL or 

10-g specimens for the tests called for in the individual 

monograph. 

PRBPARATORY TEST~m 

Ceeerel Ceesidern~iees The 1,•alie,it;• ef the resl:llffi ef 

the ffliereeia! tests se13eHes eH the eemeastratieH, tftfel:lgh 

preparater;· testtf!g, that the Htttritieaal er sietary !l.ffiele it 

self sees Hot iHhieit grew·..h er eeteetiea ef fflieroorgaHisffis 

that ffiC¼'.,' ee 13reseat ia the artiele. URless a ehaHge is iatro 

sttees, stteh as a eiffereat laeoratof)' perfefffliag the test, sif 

fereHt st:1p13!ier, Rew ffiaR1:1fa:eturiRg f}Foeess, or aRy ether 

ffieSiHeatieR that eo1:1ls affeet the pref}erties ef the artiele, 

YalisatioR Rees aet ee f}erfeffflee eaeh tiffie the artiele is 

testee-, 

Preeedure lae1:1eate ffliereeial e1:1ltl:lres (see Table 1 ) 

fer 1 g to 24 hol:lrs, eiteept to iae1:1eate Comdidtt albiea1w 

fer 4 4 to 52 hotu"s aHs Aspe1·giflu:9 11iget fer e to lQ says. 

TheH si!1:1te with pH 7.2 Pha-!iphate B,effe1· or F+uid Sey 

bean Ca:Sei11 Dige:St k!edit1111 to eetaiH a fiaal eoReeatmtioR 

of less thaa 1 QQ eftl per fflL of the pres1:1et. Iaoel:llate the 'k:St 

P, epa1 atia,1, prepares as siFeetes fer the speeiae eaUfflera 

tioR test, with the appFopfiate iRoe1:1lttm. GeHtro!s oeataiai.ag 

the iaee1:1la el:lt withol:lt the ffiatefial 1:1aser test are prepares 

at the sf!ffle time. Proeees as eireetes feF P..'Oeedw e 1:1Hser 

the 13artie1:1lar eHt1ffieratieH test. 
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Tuhle 1. Test M-ie,aa,ga11isms feF Use i11 Gl'tmf-.'t l 11•tJ 

IIWHtJ~I 'Fest af Media 8ftd re, P:-ep(U'tlfO"J{ mli~1g.+ 

MieF08ial EHtt 

IHett8atioH 

TeH1pera 

FHeFatioH Test MieroorgaHisFH ~ 

Total Aern8ieSttifh~)'leeeee!,/s ATCC }lo. ~ 

> M i e f O 8 i a la-1:t/'C!,/S er i!~ itller 
ftffie 

6£8 

Cettttt 

Uie, eeeeel>'s /,.. ATCC }lo. ~ 

ff!ttS 

Btieill~s s1:thtilis ATCC }lo. ~ 

~ ~ 

Esehel"iehiti eeh ATCC }lo. ~ 

~ ~ 

Total Com8iHedCa11dida ti,'-hiem1s ATCC }lo. ~ 

Melds aHd 

Yeasts CottHt 

Aspe,~ill!,/s 11ige1· ATCC }lo. ~ 

-M4G4 ~ 

Colifefffl CottHt Esehe1·iehitI eeli ATCC }lo. ~ 

~ ~ 

eHtern8aeteFiaJEseJ.ie1·iehiti eeli ATCC }le. ~ 

Cettttt 

-I-A•,raila8le fFOffi ATCC, 10801 UHiYersity Bottle;rara, 

MaHassas, VA 20110 2209. Eqtti't·aleHt FHiereorgaHisms, 

pro•,ided that the)' are froFH a HatioHal eolleotioH reposi 

tOF)', eaH 8e ttsed iH liett of ATCC stFaiHs. Bo,Ye .. ·er, the 

.,,ia8le fflierooFgaHisms ttsed iH the test ffittSt HOt 8e ffiOre 

thB::R a,·e passages reFHo,·ed from the erigiHal ATCC or Ha 

tioHal eolleetioH ettlfflre. 

ResuHs Laek efgrowth or iHhi8itioH efgrev,th is deter 

miHea 8)' Yisttal eomparisoH of t-fle tested saFHple with the 

eoHtrnl sol1:1ti0Hs. WheH this eoFHparisoH eaHH0t 8e maae 

with eertaiHt)', s1:18e1:1lffire the tested saFHple OH fFOsh me 

dittffl. If the gro•,yt-fl of test mieroorgaHisffls is iHdeed iflfli8 

ited, modif)· the P-reeedw<e fer tho partiottla:r OHttmeratioH 

test to eHsttre the yaJidity of the resttlts. ModiaeatioH of 

the prooedttre ffia)' iHolttde (1) aH iHoreaso iH the ;rolttffle 

of pFodttet dilttefit; (2) H1e iHeoff3oratioH of sttitB:ele speeiae 

or geHeFal HetttFali2eFs; or (3) a ooFH8iHa:tioH of the a:eo .. ·e 

modiaeatioHs. Ei,aFHples of HetttFali2ers are 0.5% SO)' le 
oitl1iH aHd 1.0% pel)·sornate 80. PoF additioHal i:RfeffflatioH 

eH HOtttFali2eFs, see Vtilidatie11 0f M-ie1'6bitil Reee'>1e15· frem 

Phti, mtie&peitil Articles (+-2-2-+). AltematiYel)", Fop eat ilia 

Preeed1xre speeiaed a80,.·e, eneept to ttse Fl!,/id Ca!ieil1 Di 

gest &8)' Leeithi11 PefJ,'Se, htite 80 Mediw1t, to detefffliHe if 

the aHtiFHieF08ial ageHts i11 the artiele ttHder test aFe Hetttfa 

li2ed; OF pFoeeed as diFeeted feF Methed I fer Validtitie11 

'Fest!i fer Btiete1•iesltlsis ti11d F1x11gisttisis uHdeF Sterility' 'Fest!i 

If ttHa81e to Feoover all or soFHe ef the test FHieroeFgaH 

isFHs, e"'"eH after tf)'iHg te elimiHate the iHhi8itory Stt8staHees 

8)' se't"eFal ffiOthods, aSSliffi0 that the artiele is HOt lilcel)' to 8e 

eoHtaFHiHatea 8)' these FHieroorgaHisffls. Bowe,.•er, it is pas 

si8le that the artiele iHhi8its some of the mieroorgaHisms 

speeiaed hereiH 8ttt does Hot iHhi8it others ei,elttded froffi 

this ehapteF. 

SAMPLE PREPARATIO}I PROCEDURE 

PFepaFatioH ofsaFHples 1:1HdeF test depeHds OH tl=ie physieal 

eharneteristies of the prod1:1et. The prepaFatioH pFoeed1:1re 

m1:1st Hot alter the H1:lffi8er or the tyfle ofmieroorgaHisFHs that 

sho1:1ld 8e re.,·ealed iH tl1e test. The FHethod of sample prep 

aratioH has to 8e ','alidated. 

Readily Saluhle Salids Use 90 mb ofpH 7.2 Phes 

phtitc Bi:tffer or the FHedia speeiaed, aHd proeeed as directed. 
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Sparingly 8eluhle 8elills ReE:iHee the suestanee er SUfl 

f'Hement te a meEleratel)' fine fJewEler, SUSfJenEI it in the .,,e 

hiele SfleeifieEI, then preeeeEI as ElireeteEI in the eottnt 

flreeeElures speeifieEI. 

Prelluets Immiseihle •r1rith Weter Pref)are a susfJen 

sion using a minifflal quantit)· ef a sttitaele sterile emulsif:,· 

+fig agent (i .e., fJel)'Sereates), using a meehanieal elenEler, 

anEI vi<arming te a temf)erat=ure net m,eeeEling 4 5°, if neees 

981)'. PreeeeEI as ElireeteEI fer the SfleeifieEI tests. 

Prepare the specimen to be tested by a treatment that is 

appropriate to its physical characteristics and that does not 

alter the number and kind of microorganisms originally pre

sent, in order to obtain a solution or suspension of all or part 

of it in a form suitable for the test procedure(s) to be carried 

out. 

Reellil,· 8eluhle 8elills Use 90 mL efpH 7.2 Pho:5 

phette Bttjfe1· er the meElia SfJeeifieEI, anEI fJFSeeeEI as ElireeteEI. 

8f)eriHgl,· 8aluhle 8alills ReEluee the suest1mee er sup 

f)lefflent te a rneElerately fine f)ewEler, susf)enEI it in the .,.e 

hiele speeifieEI, then f)reeeeEI as ElireeteEI in the eeunt 

fJFeeeElures SfJeeifieEI. 

Praduets Immiseihle v,ritlt 1.Jleter Pref)are a susfJen 

sion using a fflinimal quantity ef a suitaele sterile emu ls if:,· 

ing agent (i .e. , fJel)·sereates) , usiRg a meehanieal elenEler, 

an El 1;,'afffling te a ternf)erafttfe Ret m,eeeEling 4 5°, if neees 

981)'. ProeeeEI as ElireeteEI fer tae SfJeeifieEI tests . 

For a solid that dissolves to an appreciable extent but not 

completely, reduce the substance to a moderately fine pow

der, suspend it in the vehicle specified, and proceed as direc

ted under Total Aerobic Microbial Count. 

For a fluid specimen that consists of a true solution, or a 

suspension in water or a hydroalcoholic vehicle containing 

less than 30% of alcohol, and for a solid that dissolves read-

ily and practically completely in 90 mL of pH 7.2 Phos

phate Buffer or the media specified, proceed as directed 

under Total Aerobic Microbial Count. 

For water-immiscible products, prepare a suspension with 

the aid of a minimal quantity of a suitable, sterile emulsify

ing agent (such as one of the polysorbates), using a mechan

ical blender and warming to a temperature not exceeding 

45°, if necessary, and proceed with the suspension as direc

ted under Total Aerobic Microbial Count. 

T88T PROC8DURB8 

Miereeiele . gieal enurner . 
meta El at,en aeeu 

e ttseEI fer ' enttrneratien. Th ' 
,.fethotl: is tae m e 11kmb1•et,te . 

est aeeurate f 
'f.. t' ,olle .. · El 

8 

,.q; 1108: Of 8 •. ¾I 0)' 
rfNeettl: Pl t I • -et e Aethotl: Th 

Eletefffliflatien is the least . e rnest f)reeaele nttrneer 
f aeeurate El . 
or Of)emtion I ' an tt i 

a reasons, the other methoEI , s eannot ee em 

enttrner t · a rnn target ,,·altt . f 
100 es. ~f !er• 

efu f)er rnL) the },kmb1•,ne ,:;,~: eount limits (less thEtH 

sar;·, anEI for aigh , H,tl•ettio11 Ak#totl: is 
eel:lflt limits n neees 

' -ette },kthotl: is ttseEI . , ' ,ate Method or Ep1 eati Q/ i~t/ • QI 

Total Aerobic Microbial Count 

Test PrefJRflltian Pref)are as ElireeteEI for &,NtJle ,fqep 

et1'tltio11 . DisseiYe or susf)enEI the SfJeeimeR it1 suffieieat ¥el 

urne of pH 7.2 Pho:5phette Bttffc1, F'f.tlitl: &O)beet,1 Gueif'I 

Dige:5t ,~ktl:i1,m1, or ,r::/ttitl: Ctt!iei11 Di-r;c:5t So)· l,ceib~i11 ,%I)' 

:501·bette SQ 1',ktl:i1:1,11 te flFepare a 1 iR 10 ElilutieR of the B8ftl 

pie l:lfleer test. Fer Yiseotts sarnf)les that ear.ftet be f)if)eteEI at 

this iRitial eeneentratien, Elilute tae SfJeeimea further URtil 

f)if)eting is feasiele . AEIEI te the meElittHl set H1ore than 1 
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ROUf ofter tke final eilution is fflOee. [}lOTE On tke eesis of 

res1:tlts fer Prcp6,1'8t<,1,1 Testt11g, fflOeif.,· tke Test Pi<ep61'(:J(ifJli 

es OJ'lJ'lfOJlriete.] 

For specimens that are freely soluble, use the Membrane 

Filtration Method or Plate Method. For specimens that are 

sufficiently soluble or translucent to permit use of the Plate 

Method, use that method; otherwise, use the Multiple-Tube 

Method. With either method, first dissolve or suspend 10.0 g 

of the specimen if it is a solid, or IO mL, accurately mea

sured, if the specimen is a liquid, in pH 7.2 Phosphate Buf 

fer, Fluid Soybean-Casein Digest Medium, or Fluid Casein 

Digest-Soy Lecithin-Polysorbate 20 Medium to make I 00 

mL. For viscous specimens that cannot be pipeted at this in

itial l: IO dilution, dilute the specimen until a suspension is 

obtained, i.e., I :50 or I : I 00, etc., that can be pipeted. Per

form the test for absence of inhibitory (antimicrobial) prop

erties as described under Preparatory Testing before the 

determination of Total Aerobic Microbial Count. Add the 

specimen to the medium not more than I hour after prepar

ing the appropriate dilutions for inoculation. 

Preeeti1ue 

Mem/:nmie Pih1•6#<,11 UethB<i TreHsfer the 'Jest Prcp6 

r6ti<,11 to e fflefflereHe fiher RO'>'iHg e Q .4 5 µffl or fiHer J'lOf 

osity. [}tOTE The fflefflereHe filter ffll:tSt not ee effeetee e;· 

the H0tl:tre of tke SOfflJlle 1:tHeer test. Cel11:tlose Hitrnte filters 

11'10;· ee 1:tsee for equeo1:ts, oil;·, one ·ueekl;· eleokolie solu 

tioHs, while eellulose eeetate filters ffl0)' ee 1:tsee fer stroHgl;· 

eleoholie sol1:tti0Hs.] Wash eeeh filter with OJ'lJ'lfOf)riete quen 

lilies ofp,tf 7.2 PhBS[JH(:JffJ Bwjfe1·, fltti<i A (J'lrOJ30ree 09 di 

reeled 1:tneer 8t,e1·ility· Tests (+4 )), ore soh,1tioH ofJ3eJ3tOHe (1 

in 1 QQQ) with or without iHaeti.,·etors or He1:ttreli:zers, es OJ'l 

J'lfOJ'lriete. TrOHsfer eeek FHemereHe filter to e Petri dish eoH 

taiHing &,,·he611 Cesei1i Digest Ag(:J/· },f.e<ii1:m1, flFeYio1:tsl;r 

solidified et fOOffl tefflJ'leretl:tre. IH01:teete the fllOtes et (} tem 

J'leretl:tre eetween 3Q 0 OHG 35° fer 1 g to 72 ROl:tfS. Follo,ving 

iHeueetion, eo1:tnt tlie nlHl'leer of eoloHies OH eeek fllete, one 

eJ,flress the 0'>'erage in tefffls of tlie H1:tffleer of efli J'ler g or 

fler fflL ofsfleeifflen. If Ho rnieroeiel eolonies ere ree01,·eree, 

eJtflress the res1:tlt es less theH IQ efu 13er g or J'l0f mL of 

SfleeimeH. 

Membrane Filtration Method-Dilute the fluid further, 

if necessary, so that I mL will be expected to yield between 

30 and 300 colonies. Pipet I mL of the final dilution into 5 

to 10 mL of pH 7.2 Phosphate Buffer, Fluid Soybean-Case

in Digest Medium, or Fluid Casein Digest-Soy Lecithin

Polysorbate 20 Medium. Wash each membrane with an ap

propriate amount of one of the above diluents. Transfer each 

membrane to a Petri dish containing Soybean-Casein Di

gest Agar Medium, previously solidified at room tempera

ture. Incubate the plates at a temperature between 30° and 

35° for 48 to 72 hours. Following incubation, examine the 

plates for growth, count the number of colonies, and express 

the average for the two plates in terms of the number of mi

croorganisms per g or per mL of specimen. If no microbial 

colonies are recovered from the dishes representing the in

itial I: 10 dilution of the specimen, express the results as 

" less than 10 microorganisms per g or per mL of speci-

men". 

llettf' Plate Method [}l'OTE This FHethoe is em13lo;·ee 

fer J'lroeuets that ere sol1:tele or ree0Hstit1:ttee es efflttlsioHs or 

SUSfleHsioHs.] Dilute the 'Fest P1•cp61'6tiB11 fluid further, if 

necessary, so that 1 mL of the fiHel eil1:ttioH is eJt13eetee to 
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~ield beF,veeH 25 aHd 25Q eftt. Def}eHdiHg OH the sveei&ed Fluid Soybean-Casein Digest Medium. Md olose. Arrange 

eeW'lt limits ifl the iHdiYidttal fflOHogfaf}h, h,•o eoHseotttiYe 12 of the tubes in four sets of three tubes each. Put aside one 

titltttioHs ma)' be vlated to bfaeket the eottHts Of adjttst tfle set of three tubes to serve as the controls. Into each of three 

tliltttioHs. Pivot CEJ:ttal ;•olttffles of the H:Hal diltttioH iflto w,•o tubes of one set (" 100 ") and into a fourth tube (A) pipet 1 

aet3afate stefile Petfi vlates. will be expected to yield be- mL of the 'Fest P1 ep<tt'<tti,9,1 solution or suspension of the 

tween 30 and 300 colonies. Pipet 1 mL of the final dilution specimen, and mix. Pipet 1 mL from tube A into the one 

onto each of two sterile Petri dishes. Promptly add to each remaining tube (B), not included in a set, and mix. These 

f3t&tC dish 15 to 20 mL of Soybean-Casein Digest-Agar Me- two tubes contain 100 mg or 100 µL and 10 mg or 10 µL 

dium , previously melted and cooled to about 45 °. Cover the of the specimen, respectively. Into each of the second set 

Petri~ dishes, mix the sample with agar by gently tilt- ("10") of three tubes pipet 1 mL from tube A, and into each 

ing or swidiHg rotating the dishes, and allow the contents to tube of the third set (" l ") pipet 1 mL from tube B. Discard 

solidify at room temperature . Invert the Petri dishes and in- the unused contents of tubes A and B . Close well, and incu-

cubate at a tCffif}CfatliFe bew.·eeH 3Q0 aHd 35° for 48 to 72 bate all of the tubes . at 3Q0 ta 35° fef 18 to 72 houFs. Fol-

hours. aHd f}feeeed as difeeted fef Memh, <t,1e Alh•<ttiBn lowing incubation, examine the tubes for growth: the three 

M-ethBd, begiHHiHg with "PollowiHg iHettbatioH". control tubes remain clear, and the observations in the tubes 

Following incubation, examine the plates for growth, containing the specimen, when interpreted by reference to 

count the number of colonies, and express the average for Table .J. I, indicate the most probable number of microor-

the two plates in terms of the number of microorganisms ganisms per g or per mL. ef s13eoifflef!. If the Yisual e,·altta 

per g or per mL of specimen. If no microbial colonies are tieH of gfewth is Hot vessiele eeeattse ef the Hatlife of the 

recovered from the dishes representing the initial I: 10 dilu- sveeimeH, stFeak a loovfttl from each tttee OHte iHdiYidttal 

tion of the specimen, express the results as " less than IO mi- PetFi dishes eeHtaiHiHg solidi-Hod Flttid SB;·he<t11 Guei11 Di 

croorganisms per g or per mL of specimen". t;eotUedhm1, iHettbate at 3Q0 to 35° FOf 18 to 72 helifs, aHd 

Multiple-Tube Method----:fe Into each of 14 test tubes of eirnffliHe the g-¥O'l,1h. Aft af}f}fOf}fiatel)' segmeHted vlate e!M1 

similar size, tffil'lsfef place 9.0 mL of sterile. be ttsed, EM1d stfeakiHg fef iedttstFial tttees is doee ie EJ:ttad 

fflflt!r. 
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Table 1. Most Probable Count by Multiple-Tube Method 

Observed Combinations of Numbers of Tubes Showing 

Growth in Each Set 

Number Qf mg Qr 1,!L Qf spe1:;imen per tube 

100 10 Most Probable Number of Microorganisms per g or per mL 
3 3 3 more than 1100 
3 3 2 1100 
3 3 500 
3 3 0 200 
3 2 3 290 
3 2 2 210 
3 2 150 
3 2 0 90 
3 3 160 
3 1 2 120 
3 

70 
3 0 40 
3 0 3 95 
3 0 2 60 
3 0 40 
3 0 0 23 
2 2 0 21 
2 

20 
2 0 15 
2 0 14 
2 0 0 9 

2 0 11 

0 7 
0 0 4 

0 0 3 
0 0 0 < 3 
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Total Combined Molds and Yeasts Count 

Test Preperetien Proeeea as aireetea fer Thttll Ae,·--ehie 

Uie, ohia{ C61,mt. 

Procedure- Proceed as directed for Membrane Filtra

tion Method or P6t:tt- Plate Method under Total Aerobic Mi

crobial Count, except to use P.ottlto Dcct, oae A~, ,',fedittm 

et' the same amount of Sabouraud Dextrose- Agar Medium 

instead of Soybean-Casein Digest- Agar Medium and to in

cubate the plates for 5 to 7 days at 20° to 25°. The },fe111 

hra,w Pitt, ation Method is fHefenea eeeat1se of its 

st1perior seasiti,·ity. If the eot1at is mtpeetea to ee rnlafr,·ei)' 

high, t1se the 8p1"Cati P-!ate Uethoti. 

8p1·ead Pktte Method Use prep!lfea Petri aishes eoataia 

iag Saho1:11•a1:1d D~t1'0ae A~1 ,',fediw11 or Potato D~tl'Oae 

Aga1· ,~fetiitmt, atta trattsfer Q. l mb portiotts of the Feat 

Preparatio11, or the ailt1tioa thereof, ottte the st1rfaee of 

the ff!eait11'!'!. Sprnaa the iaoet1lt1ffl o,·er the st1rfaee with a 

sterile glass spreaaer. Ittet1eate the im·ertea plates fer 5 to 

7 says at 2Q
0 to 25°. U,,IOTE Do aot aistttre the plates Stir 

iag iaeueatiott, eeeat1se the aispersal of ff!Ola withitt the 

plate eot1ia )'iela a higher eot1at thatt that aett1ali)' present.] 

Retest-For the purpose of confirming a doubtful result 

by any of the procedures outlined in the foregoing tests fol

lowing their application to a I 0.0-g specimen, a retest on a 

25-g specimen of the nutritional supplement may be con

ducted. Proceed as directed under Procedure, but make al

lowance for the larger specimen size. 

Col:iferm Co1t1tt 

Test Preperetien Prepare as aireetea fer Sample P1'Cfl 

a1•8tio,1. Dissohre or st1spena the safflple in st1ffieient YOI 

uff!e (not less thatt 4 ff!b~ of-pH 7.2 Pho!JfJhate Bttffe1· to 

oetaia a l iH lQ ailt1tioa ofthe sample. U,,!OTE Oa the eesis 

of rest1lts fer P1 epar-ato,,· Teatilig, fflodify the Teat Prep8r<r

tio11 as appropriate.] 

Preeedure Te eaek of 14 test ttlees of sifflilar si2e, 

tfaasfer 9.Q ff!b of La1:1,,t TI,-ptoae Broth, aad elose. Pro 

eeed as aireetea fer Al-ttltiple ttthe Method tlftaer Tata! 

Ae1"0bie ,',1-ie, ohial C61,mt, eegittttittg with " Aa:attge 12 of 

the tttees", eiteept to iaet1eate fer 4 8 1. 2 kot1rs. Bitafflitte 

at 24 1 2 kours fer presettee of gas, ttamely, the aisplaee 

meat of meait1ffl ifl feffftetttatiott tttees or the effuf't·eseeaee 

t!pOB gerttle agitatiott of tf!e tttees . Reittet1eate tf!e tttees tkat 

showea RO presettee of gas fer 8ft aaaitional 24 hot1rs, ana 

agaifi eltaff!irte fer presertee of gas. 

Gerttly agitate eaek gassirtg Lat11,·l 'J,,-ptoae B1'0th tttee, 

atta tfattsfer Orte loopful of St!Spertsiott to 8 tttee vt'itk B1•illi 

a11t G1"Ce11 Lactose Bile B1'0t-h . Ittet1eate these tttees fer 48 

1 2 hours at 3 Q0 to 3 5°. Eitaff!ine fer gas preeuetiort, at10 

reeore. Tke tkree eotttJ:ol tl:!ees remaitt elear, atte the easer 

't'ations in the tttees eorttait1ing the speeiff!en, when inter 

pretea B)' Fefereaee to Tuele 2 , ittaieate tf!e fflOSt proaaale 

ttumaeF of eolifefffts per g or per rnb of speeirnen. 

Enterobacterial Count 

(Bile-Tolerant Gram-Negative Bacteria) 

Test PrepenHen PrepaFe as aireetea fer Sa,,tple P.r-ep 

arahol't. DisselYe er st1sperte the sample irt st1ffieient Yol 

ume of Plt:tid Lactose M-edittm , atta ailt1te witk Plttid 

Lactose },fedit:tm to 1 QQ ff!b. U,,+on Oa the easis of rest1lts 

for P.1 epa1 ato1,· Teati11g, rnoaify the Te!it Pl'Cfl81'atio,t as ap 

prepriate.] 
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Praeetlure h1eueete et 30° to 35 ° fer 2 to 5 Hours . Dissolve or suspend the sample in a sufficient volume of 

SHeke tfle eot1teit1er, et1d tret1sfer quet1tities , equiYelet1t to pH 7.2 Phosphate Buffer or Fluid Soybean-Casein-Digest 

1 g or 1 fflL, 0.1 g or 0.1 fflL, et1d 10 ffig or 10 FIL of tfle Medium and dilute with Fluid Soybean-Casein-Digest Me-

Sfleeifflefl ut1der test, it1to SCflerate ffosles or tuees ·uitfl M8s dium to 100 mL. Pre-incubate for 2 to 5 hours at 20°- 25° in 

sel &1ce1'8baece1·iaeeae Em·iel·mw,·1c B1'8ch. h-1eueate at 30° to Soybean-Casein Digest Broth diluent; inoculate suitable 

35° fur 24 to 4 8 Hours. S1:1eeulture eaeH of tfle e1:1ltures Ofl a quantities of Mossel-Enterobacteriacae Enrichment Broth 

fllete of fli:ofoc Red Bile Agar with Ch,ieose m1dLaec0se. lt1 to contain 0.1, 0.01, or 0.001 g or mL of the product. Incu-

e1:1eete at 30° to 35° fer 18 to 24 Ho1:1rs. GrowtH ofv,•ell de bate at 30°-35° for 24 to 48 hours . Subculture onto a plate of 

Yelofled, getterally red or redaisH, eolot1ies of Graff! Violet-Red Bile Agar with Glucose and Lactose, and incu-

t1egati·,•e eaeterie re·,•eals tHe flFCset1ee efettteroeaeteria. Re bate at 30°-35° for 18 to 24 hours. Growth of well devel-

eora tfle Sfflellest q1:1atttit)• oftfle Sfleeifflett 1:1t1Eier test gi1t•ittg oped, generally red or reddish, colonies of Gram-Negative 

e flOSitiYe res1:1lt attd tfle largest quetttit)• giYit1g a t1egeti1t·e bacterial revels the presence of enterobacteria. Determine 

res1:1lt, atta Eieteffflit1e, BJ' referet1ee to Taele 3 , tfle ffiOSt the most probable number of microorganisms per g or per 

fll'Oeeele t1uffleer of ettteroeaeteria fler g of Sfleeiffiefl. mL by reference to Table 2. 

+ 

+ 

+ 

Table 3 2. The Most Probable Enterobacterial Count 

Observed Presence of Enterobacteria 

Number of g of specimen per tube 

0.1 

+ 
+ 

0.01 

+ 

Most Probable Number of Enterobacteria per g 

more than I 00 

fewer than 100 but more than I 0 

fewer than 10 but more than 1 

fewer than I 
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BRJ EFING 

(2022} Microbiological Procedures for Absence of Objec

tionable Microorganisms in Nutritional and Dietary Articles, 

page 8761 of PF 25(5) [Sept.- Oct. I 999]. This proposed new 

chapter, which previously appeared in Pharmacopeial Previews, 

is now forwarded to In-Process Revision. It has been substantially 

revised, wi th the fo llowing changes based upon comments re

ceived: 
(I) The title is changed. 
(2) The Fluid Lactose Medium is eliminated. 

(3) The Preparatory Testing section is revised. 

(4) The Test Procedures section is revised and simplified. 

(AMB: D. A. Porter) RTS- 39332-3 

Add the following: 

.._ (2022) MICROBIOLOGICAL 
PROCEDURES FOR ABSENCE OF 
OBJECTION.A.BLE SPECIFIED 
MICROORGANISMS IN -
NUTRITIONAL AND DIETARY 
ARTICLES SUPPLEMENTS 

INTRODUCTION 

Good manufacturing practices require that objectionable 

organisms be absent from nonsterile nutritional and dietary 

products. A microorganism can be considered objectionable 

if it represents a potential health hazard to the user who is 

using the product as directed, or if it is capable of growing in 

the product. Objectionable microorganisms are defined as 

contaminants that, depending on the microbial species, 

number of organisms, dosage form, intended use, and pa

tient population, would adversely affect prduct safety. Addi

tionally, microorganisms may be deemed objectionable if 

they adversely affect product stability of if they may damage 

the integrity of the container closure system. 

This chapter describes the testing of nutritional and diet

ary articles for esj eetieaes le specified microorganisms, 

which are specified in the individual monographs or whose 

absence is recommended by the guidance under Microbio

logical Attributes of Nonsterile Nutritional and Dietary Ar

~ Supplements (2023 ). Whe n object io n a b le 

microorganisms are not specified in the individual mono

graph, it is the manufacturers responsibility to determine 

which microorganisms in their products are objectionable. 

It is not intended that all nonsterile nutritional and dietary 

articles be tested for the absence of all of the microorgan

isms mentioned in this chapter, nor is the testing of relevant 

microorganismsm restricted to those presented in this chap

ter. 

Alternative microbiological, physicochemical, and bio

technological methods, including automated methods, may 

be substituted for these tests, provided they have been vali

dated as being equivalent in their suitability for determining 

compliance. 

BUFFER AND MEDIA 

General Considerations 

See Buffer Solution and Media under Microbial Enu

meration Tests- Nutritional and Dietary Article& Supple

ments (2021 ). The appropriateness of each medium for 

the intended purpose is to be assessed. Control sets of Fluid 

Soybean-Casein Digest Medium eaEI Flttid Lacffin },k6':i1m1 

ttSee for Preparatory Testing are also used to assess the ap

propriateness of these media in the growth promotion of the 

specified microorganisms. For other media, streak agar 

plates ·witk lew leYels (less tkea 100 eFl:I) to obtain isolated 

colonies of appropriate microorganisms, and inoculate the 

fluid media with the appropriate microorganisms at a final 

concentration of less than 100 cfu per mL. Observe the 

growth to establish the appropriateness of the media. 
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Buffer 

Buffer Stock Solution and pH 7.2 Phosphate Buffer

Proceed as directed under Microbial Enumeration Tests

Nutritional and Dietary ~ Supplements (2021 ). 

Media 

FLUID SOYBEAN-CASEIN DIGEST M EDIUM 

Prepare as directed under Microbial Enumeration Tests

Nutritional and Dietary ~ Supplements (2021 ). 

MANNITOL- SALT- AGAR M EDIUM 

Pancreatic Digest of Casein . . . . . . . . . . 5.0 g 

Peptic Digest of Animal Tissue. . . . . . . . 5.0 g 

Beef Extract . . . . . . . . . . . . . . . . . . . . . 1.0 g 

D-Mannitol . . . . . . . . . . . . . . . . . . . . . . 10.0 g 

Sodium Chloride . . . . . . . . . . . . . . . . . . 75 .0 g 

Agar ....... . ............ . . . .... 15.0g 

Phenol Red . . . . . . . . . . . . . . . . . . . . . . 0.025 g 

Water . . . . . . . . . . . . . . . . . . . . . . . . . . 1000 mL 

Mix, then heat with frequent agitation, and boil for 1 min

ute to effect solution. 

pH after sterilization : 7.4 ± 0.2. 

FLUID TETRATHIONATE MEDIUM 

Pancreatic Digest of Casein .. ....... . 

Peptic Digest of Animal Fat .... . .... . 

Bile Salts .. .. .. ... .... .. .. .. . .. . 

Calcium Carbonate . .. . .... . ... . .. . 

2.5 g 

2.5 g 

1.0 g 

10.0 g 

Sodium Thiosulfate ... . . . .... . . ... . 

Water .... .. . . ... . ........... .. . 

30.0 g 

1000 mL 

Heat to boiling. Do not autoclave; use the same day. Im

mediately before use, add a solution prepared by dissolving 

5 g of potassium iodide and 6 g of iodine in 20 mL of water. 

Then add 10 mL of a solution of brilliant green (1 in 1000), 

and mix. Do not heat after adding the brilliant green solu

tion. 

BRILLIANT GREEN-AGAR MEDTUM 

Yeast Extract. . . . . . . ... ... . ...... . 3.0 g 

Peptic Digest of Animal Tissue . . . . . . . . 5.0 g 

Pancreatic Digest of Casein .. . ... . .. . 

Lactose ... .... . . ... .. .......... . 

Sodium Chloride 

Sucrose ......... .. ... . . .. .. ... . . 

Phenol Red . . ... . . . ... . . .. . . . . . . . 

Agar . . . ... ... .. ........ . . .... . . 

Brilliant Green ........ . .... . . . ... . 

Water ........ .. ...... . .. .. . . . . . 

5.0 g 

10.0 g 

5.0 g 

10.0 g 

80.0 g 

20.0 g 

12.5 mg 

1000 mL 

Boil for 1 minute. Sterilize just prior to use, melt, pour 

into Petri dishes, and allow to cool. 

pH after sterilization: 6.9 ± 0.2 

XYLOSE-LYSINE-DESOXYCHOLATE-AGAR MEDIUM 

Xylose ... . ... . .. .... ......... . . 

L-Lysine .. . .. . .. .. . .. ... ... .... . 

Lactose ... . .. . .. .. .. . .. . . .. .. .. . 

Sucrose . . .. . . ... ........ . .. .. . . . 

3.5 g 

5.0 g 

7.5 g 

7.5 g 

Sodium Chloride . . . . . . . . . . . . . . . . . . 5.0 g 
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Yeast Extract .. . . . . . . . . . . . . . . . . . . . 3.0 g 

Phenol Red . . . . . . . . . . . . . . . . . . . . . . 80 mg 

Agar............... . ........... 13.5 g 

Sodium Desoxycholate (as Bile Salts) . . . 2.5 g 

Sodium Thiosulfate . . . . . . . . . . . . . . . . 6.8 g 

Ferric Ammonium Citrate. . . . . . . . . . . . 800 mg 

Water . . . . . . . . . . . . . . . . . . . . . . . . . . 1000 mL 

Heat, with swirling, just to the boiling point. Do not over

heat or sterilize. Transfer at once to a water bath maintained 

at about 50°, and pour into Petri plates as soon as the Me

dium has cooled. 

Final pH: 7.4 ± 0.2. 

HEKTOEN ENTERIC AGAR MEDIUM 

Protease Peptone ............. . ... . 12.0 g 

Yeast Extract. . . . . . . . . . . . . . . . . . . . . 3.0 g 

Lactose ... ... ............ . ..... . 

Sucrose ....... .... . . .. .. . .. .. .. . 

Salicin .................. . ...... . 

Bile Salts No. 3 ... . .............. . 

Sodium Chloride ................. . 

Sodium Thiosulfate ............... . 

Ferric Ammonium Citrate ....... . ... . 

Acid Fuchsin .................... . 

Bromothymol Blue .. . .. . ..... . ... . 

Agar ................... . ...... . 

12.0 g 

2.0 g 

9.0 g 

9.0 g 

5.0 g 

5.0 g 

1.5 g 

0.1 g 

65 mg 

14.0 g 

Water . . . . . . . . . . . . . . . . . . . . . . . . . . 1000 mL 

Mix, and allow to stand for 10 minutes. Heat gently, and 

allow to boil for a few seconds to dissolve the agar. Do not 

sterilize. Cool to 60°, and pour into Petri dishes . 

Final pH: 7.5 ± 0.2. 

TRIPLE SUGAR-IRON-AGAR MEDIUM 

Pancreatic Digest of Casein ......... . 

Pancreatic Digest of Animal Tissue .. .. . 

Lactose . . .......... .. .. .. .... .. . 

Sucrose ..... .... .... . ....... ... . 

Dextrose . . ... ... ........ ..... . . . 

10.0 g 

10.0 g 

10.0 g 

10.0 g 

1.0 g 

Ferrous Ammonium Sulfate . . . . . . . . . . 200 mg 

Sodium Chloride .. . . . . . . . . . . . . . . . . 5.0 g 

Sodium Thiosulfate . . . . . . . . . . . . . . . . 200 mg 

Agar . . ...... . .................. 13 .0 g 

Phenol Red . . . . . . . . . . . . . . . . . . . . . . 25 mg 

Water . . . . . . . . . . . . . . . . . . . . . . . . . . 1000 mL 

pH after sterilization: 7.3 ± 0.2. 

MACCONKEY AGAR MEDIUM 

Pancreatic Digest of Gelatin . . . . . . . . . . 17 .0 g 

Pancreatic Digest of Casein . . . . . . . . . . 1.5 g 

Peptic Digest of Animal Tissue. . . . . . . . 1.5 g 

Lactose . . . . . . . . . . . . . . . . . . . . . . . . . 10.0 g 

Bile Salts Mixture . . . . . . . . . . . . . . . . . 1.5 g 

Sodium Salts Mixture . . . . . . . . . . . . . . 5.0 g 

Agar . . . . . . . . . . . . . . . . . . . . . . . . . . . 13.5 g 

Neutral Red. . . . . . . . . . . . . . . . . . . . . . 30 mg 

Crystal Violet . . . . . . . . . . . . . . . . . . . . 1.0 mg 

Water . . . . . . . . . . . . . . . . . . . . . . . . . . 1000 mL 

Boil for 1 minute to effect solution. 

pH after sterilization: 7. 1 ± 0.2. 
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LEVINE EOSIN- M ETHYLENE BLUE- AGAR MEDIUM 

Pancreatic Digest of Gelatin . . .. . . ... . 

Dibasic Potassium Phosphate ... . . ... . 

Agar ..... . . ... .. .... ... ....... . 

Lactose . ... .. .. ... . ...... ...... . 

Eosin Y .. . . . . . .... . .. . .. . .. . .. . . 

Methylene Blue ... . . . .. . .. .. .. . .. . 

Water ... . . . . . ...... . . . .... .. .. . 

10.0 g 

2.0 g 

15 .0 g 

10.0 g 

400 mg 

65 mg 

1000 mL 

Dissolve pancreatic digest of gelatin, dibasic potassium 

phosphate, and agar in water, with warming, and allow to 

cool. Just prior to use, liquefy the gelled agar solution, 

and add the remaining ingredients, as solutions, in the fol

lowing amounts: for each 100 mL of the liquefied agar solu

tion, add 5 mL of lactose solution (1 in 5), 2 mL of the eosin 

Y solution (I in 50), and 2 mL of methylene blue solution (1 

in 300). Mix. The finished Medium may not be clear. 

pH after sterilization: 7.1 ± 0.2. 

BAIRD-PARKER AGAR MEDIUM 

Pancreatic Digest of Casein . . . . . .. . . . 

Beef Extract .... .. ... . ....... . .. . 

Yeast Extract ....... . ..... . ... . .. . 

Lithium Chloride . . ... .. .. . . .. . ... . 

Agar . . ... . .. . .. . ... . .... . . .. . . . 

Glycine . .. . .. . ... .. . .. . .. .. .. . . . 

Sodium Pyruvate ...... .. . . .... . .. . 

Water .. . .. . .. .... ..... . ... . . .. . 

10.0 g 

5.0 g 

1.0 g 

5.0 g 

20.0 g 

12.0 g 

10.0 g 

950 mL 

Heat with frequent agitation, and boil for 1 minute. Ster

ilize, cool to between 45° and 50°, and add 10 mL of sterile 

potassium tellurite solution (1 in 100) and 50 mL of egg 

yolk emulsion prepared as follows. Disinfect the surface 

of whole-shell eggs, aseptically crack the eggs, transfer in

tact yolks to a sterile graduated cylinder, add sterile saline 

TS to obtain a 3 to 7 ratio of egg yolk to saline, add to a 

sterile blender cup, and mix at high speed for 5 seconds. 

Mix all ingredients well but gently, and pour into plates. 

pH after sterilization: 6.8 ± 0.2. 

VOGEL- JOHNSON AGAR MEDIUM 

Pancreatic Digest of Casein . .. .. .. .. . 

Yeast Extract ........ ... . .. .... . . . 

Mannitol .. . . . . .... ....... . . .... . 

Dibasic Potassium Phosphate ... . .. . . . 

Lithium Chloride .. ........ .. . . .. . . 

Glycine .... . ..... . . ... .. . . ..... . 

Agar . . .. ....... . ........ . . . . .. . 

Phenol Red ... . ... . . .... . . . ..... . 

Water ... ... .. ... . . . ........... . 

10.0 g 

5.0 g 

10.0 g 

5.0 g 

5.0 g 

10.0 g 

16.0 g 

25 .0 mg 

1000 mL 

Boil for 1 minute. Sterilize, cool to between 45° and 50°, 

and add 20 mL of sterile potassium tellurite solution (1 in 

100). 

pH after sterilization: 7.2 ± 0.2. 

FLUID LACTOSe },cfeDIUM 

Prn13aFe as diFeeted t1RdeF },{ie1¥Jhial &iume,-atia11 'Jests 

l\'t1t1·ifia11al a11d Dicta,,· A, tieles (;w;!-!} 
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FLUID SELENITE-CYSTINE M EDIUM 

Pancreatic Digest of Casein .. .. .. .. . . 

Lactose . .. .......... .. .... . . .. . . 

Sodium Phosphate . . ..... .. . .. .. .. . 

Sodium Acid Selenite ............. . 

L-Cystine . . ......... . .... . ...... . 

Water ...... . .. .. . .. . . ...... . .. . 

5.0 g 

4.0 g 

10.0 g 

4.0 g 

10.0 g 

1000 mL 

Mix, and heat to effect solution . Then heat in flowing 

stream for 15 minutes . Do not sterilize. 

Final pH: 7.0 ± 0.2. 

REINFORCED M EDIUM FOR CLOSTRIDIA 

Beef Extract . .... . . . . . ........ . . . 

Peptone ... .. . .. ................ . 

Yeast Extract ... . ....... . .. . ... . . . 

Soluble Starch ..... . .. .. . .... .. .. . 

Glucose Monohydrate ... .... . . . . .. . 

Cysteine Hydrochloride .. .......... . 

Sodium Chloride ... . . . ....... .. . . . 

Sodium Acetate ............. .. ... . 

Agar ...... . ...... . ........ . .. . . 

Water .............. . .. . ....... . 

10.0 g 

10.0 g 

3.0 g 

1.0 g 

5.0 g 

0.5 g 

5.0 g 

3.0 g 

0.5 g 

lO00mL 

Dissolve agar in water by heating to bo iling, while stirring 

continuously. Adjust the pH if necessary, and sterilize. 

pH after sterilization: 6.8 ± 0.2. 

COLUMBIA AGAR 

Pancreatic Digest of Casein . . . . . . . . . . ~ 10.0 g 

Meat Peptic Digest. ........ . .... . . . 

Heart Pancreatic Digest .. . ........ . . 

Yeast Extract . . .. .... . .. .. . . .. .. . . 

Cornstarch . . . . . . . . . . . . . . . . . . . . . . . 

Sodium Chloride . ..... . .... . ... . . . 

Agar .... . .. . ... . . ... ... . ... .. . . 

Water ....... . .......... . . .. ... . 

5.0 g 

3.0 g 

5.0 g 

1.0 g 

5.0 g 

15 .0 g 

lO00mL 

Dissolve agar in water by heating to boiling and with con

tinuous stirring. If necessary, adjust the pH. Sterilize, and 

allow to cool to 45° to 50°. Add, when necessary, gentami

cin sulfate, equivalent to about 20 mg of gentamicin base, 

and pour into Petri dishes. 

pH after sterilization: 7.3 ± 0.2. 

PREPARATORY TESTING 

Proceed as directed for Preparatory Testing under Micro

bial Enumeration Tests-Nutritional and Dietary Artidc!i 

Supplements (2021 ). 

PFeee1h:1Fe A Iae1:1bate fflierobial e1:1lruFCs for 18 to 24 

HOl:lfS, aae tkefl eil1:1te witl:i ,Ci:h:titl: 8&J,·hc611 Cfi9ci11 Di'[;C!it 

l,1etl:i1,1111. Iaoe1:1late 'Fe!it P1 epti, titifJ,1 A, 13reti!l:fee as eireetee 

for Stet'[;e 1 1:1aeer 'Fe!it A fJcetl:1,11 C!i , vlitl:i tl!e iaoe1:1l1:1ffl of ifl 

terest StephJ,·1.-fJcfJcctt!i tibll'Ctt!i (ATGG No . 6538) to ob 

taia a fiaal eoneentration of less tl:ian l 00 efu tier fflL. 

Gone-els eontaiaiflg ifloe1:1la b1:1t wiilio1:1t tl!e fflaterial l:lfleer 

test are 13re13!!:fee at ilie same tiffle . Proeeee as eireetee for 

Sffl'[;C 2A l:lfleer 'J'e!Jt P-i fJCctl:w C!i. 

PFeee1h:1Fe 8 lae1:1bate rnierobial e1:1lrures for 18 to 24 

HOl:lfS, !¼fl(i tl:ien eil1:1te v,·itl:i F-l1,1itl: LtiCffl!iC ,',1etl:ibllll . Iaoe1:1late 

'Fe!it Pl'Cj':Jfi• 6tifJ,1 B, flFetiaree as eireetee for Stti'[;C 1 l:IBEier 
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Test P., oeetffli'CS, wita t:lte iHoe1:tl1:tffi of iflterest Sal,,1191wl!c1 

t,iplti1m,11·iNH1 (ATGG },+o. 14028) or Esehe1•iehic1 co# (ATGG 

},+o. 8739) to oetaiH a fiHal eoHoeHtratioH of less tfiaH 100 

ef'tl per mL. CoHtrols eoHtaiHiHg tae iH0e1:tla e1:tt wita01:tt tae 

ffiateFial 1:H1eer test are preparee at tae sarHe tiffle. Proeeee as 

aireetee for ~age 2B 'tlHaer 'K.ast p., ioeedt11 C§. 

PFeeeEluFe feF Go:,t1·itliHH1Speeies IHe1:teate C:ost,•i 

diblm SfJ'O!'Ot;e1tC§ (J\TGC Ne. [to eerHe]) for l 8 to 24 a01:trs, 

aHe taeH eil1:tte wita fJH 7. 2 PhioSfJh8te Beffe1'. Iaee1:tlate tae 

'Fc:,t P, CfJ8, 8R'OII , preparee as eireetee 'tlHeer 'Fest fo,• Ab 

SC/ICC &fCl,r,st, irJiblHI dfJCCies, to oetaiH O fiHal eeHeeHtraaeH 

of less tfitm l 00 ef'tl per mL. CeHtrels eoHtaiHiHg tae iHee'tl 

lttffl ettt ·,vitao'tlt tae fflaterial 'tlH8eF test aFe PFCflllfea at tae 

SAMPLING lL"'H=> SAMPLE PREPARATION 

Proceed as directed for Sampling aHe SaHtfJtC P1epc11'8.tio11 

under Microbial Enumeration Tests-Nutritional and Diet-

a,y ~ Supplements (2021 ). 

TEST PROCEDURES 

Test Preparation- Prepare as directed for Sampling. 

Transfer to a suitable container with 100 mL of Fluid Soy-

bean-Casein Digest Medium (FSCD). Mix by shaking 

gently. [NOTE-On the basis ofresults for Preparatory Test-

ing, modify the Test Preparation as appropriate.] 

saffie tiffle. Preeeea as eiFeetee 'tlHaer Test fa,· Abseiwe f7j Tests for Absence of Staphylococcus aureus , 8BIH101relhl 

G.!ost1•Mi'l,/HI dfJeeies, rHalcing S'tlre to e>,•aluate tae grov.~a Speeies, aeEI E9ehe1·iehiB eoli 

after eaea ffleei'tlffl aeeitieH. }+OTB If OH)' of taese eejeetienaele erganiSffiS, waen 

ResuUs Preeeee as eireetee for P-f't:f}B/'8.(0I'' Testiltt; 'tin testee 8)' tae ffletaees eeserieee eelO'>Y, pro>,•e to ee present 

eer UiC!'OBiBl bllblHICl'Btio11 Tests A'-tttl·iti'O,'lclt BIid DietBl'y· iH tae test speeiffleH, aeeitieHal ieeHtifieatieH tests eaH ee 

, . , ("'""' ') f!erfoffllee to eeHBffll taeir preseHee. nrtw,es = ~ 

For enrichment broth, selective media, and differential 

media use an inoculating loop to transfer the inoculum of 

each test organism to the plated or liquid media being tested. 

If a plated medium is being tested, streak the surface of plate 

with the loop in four directions to obtain a pattern of isolated 

colonies. Incubate the media and examine the plated or liq

uid media for the characteristic growth of the inocula (See 

Tables 1, 2, 3, and 4). 

Stage 1 [}+OTB :Per seRefflaae ref!reseHtatioH of tais 

preeeeure, see Fit;N1 e 1 .] 

Test P1't:f}Bl'8.tio11 A Prepare as aireetee for Sa11tf:Jk P1·ep 

c11·c1tio1i . TraHsfer to a suitaele eeHteiRer wita 100 rHL of 

Pl:blid So-)bec1,1 Cc1sei11 Digest U-ediblm (,fi'.SCD). Mill 'e)· 

saalciRg geHtl)•. [}+OTB OH tao easis of Fes1:tlts for he 

fJBl'BlOl'J' 'festiHt;, ffi06ify tae 'Fest ,Di'C[JBl·c1tion OS apprepri 

fttttj 
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~GEl 
SAMPLE 

-- -~~~~ ---------------------_ J_ _ -~~~~ .. ------------.. ---. --

STAGE2 

STAGE3 

Fig. I. Schematic representation of Tesrs for Absence of Sraphylococcus aureus, Salmonella Species, and Escherichia coli. 

J;'.ig. I. 8ekeFAa!ie Fepmen!a!ien ef 'K.asts far Abse11ee &f Skt[Jhyl-oeeeeus atwe11s, Sall'l1e1wll,a Epeeies, a11d &ehe1°ieliia eeh. 

+est Pi·eptm:tti811 B PF06006 as aiFeetea for +est P1ccpa 

ratie11 A, eitee13t to use e eoateiHeF ·uiti'I 100 FHL of Flttid 

baetese Meditt,111 (FL). 

8htge 2 

Sttl~ 2A 

Incubate at 30° to 35° for 24 to 48 hours. Streak a loopful 

from FSCD onto the surface of one or more of the following 

media: Vogel-Johnson Agar Medium (VJ Agar), Mannitol

Salt-Agar Medium (MS-Agar), and Baird-Parker Agar Me-

dium (BP Agar) . ae130HaiHg OH \Yi'lioi'I tHieroorgeHisms ere 

eeiHg testes. Cover the Petri plates, invert them, and incu

bate at 30° to 35° for 24 to 48 hours. Proeeea es aifeotea for 

Stage 3A. 

Sttlge 2B IHeueete et 30° to 35° for 24 to 4 8 !'lours. Prom 

FL, 13i13et se13erete 1 mL eli(luots iHto tv.•o eoHteiHers, oHe 

eoHteiHiHg 10 FHL of Fh,1id Sde11ite Cj1sli1te M-edit1n1 
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(F-8C) aRd the steer esRtaiRiRg IQ fflL sf Fluid 'J'sti•athi1mate 

Medium (FT), ffliit , aHt:I iHetteate at 30° te 35° fer 24 te 4 g 

Hot1rs. Proeeet:I as t:lireetet:I fer Sfflge 3B. 

Stage 3 

8t€tf;e 3A 

TEST FOR ABSE~♦CE OF 8t8f)hylaetweus au1eus 

Examine the plates of VJ Agar, MS-Agar, and BP Agar, 

and interpret the results with reference to Table 1: ifno plate 

contains colonies having the characteristics described, the 

test specimen meets the requirement for the absence of 

Staphylococcus aureus. If characteristic colonies are pre

sent, perform coagulase test as follows. Transfer representa

tive colonies to separate tubes containing 0.5 mL of rabbit 

plasma, horse plasma, or any other mammalian plasma. In

cubate in a water bath at 37°. Examine for coagulation after 

3 hours of incubation and at suitable intervals up to 24 

hours. Comparing with positive and negative controls, the 

absence of a coagulase reaction indicates the absence of 

Staphylococcus aureus in the tested article. 

Table I. Characteristics of Staphylococcus aureus on Specified Agar Media 

Agar Medium Colonial Morphology Gram Stain 

Vogel-Johnson 

Mannitol-Salt 

Baird-Parker 

Black surrounded by yellow zone 

Yellow colonies with yellow zone 

(+), cocci 

(+), cocci 

(+), cocci Black, shiny surrounded by 2-5-mm clear zones 

8,'8ge 3B Streak a lo013ful froffi eotH iflet1eatet:I fflet:lia 

ORto iRt:liYit:lt1al st1rfaees of plates of B1 iW8,tt C, ee,1 Agm 

U-ediuill (BG Aga, ), X)·lase L13i11e Desax1ei1alate Agm· 

M-ediwm (XLDC Agar), lJ.ektae11 E11te1·ie Aga1• U-edi11111 

(Jl-EAga11, aHt:I MaeCa11kqAga1"U-ediu111 (hlCAgal0. Ce1,• 

er, iw,•ert tHe plates, aRt:I iHet1eate at 30° to 35° fer 24 to 48 

Test for Absence of Salmonella Species 

Incubate at 30° to 35° for 24 to 48 hours. From FSCD, 

pipet separate 1-mL aliquots into two containers, one con

taining IO mL of Fluid Selenite- Cystine Medium (FSC) and 

the other containing IO mL of Fluid Tetrathionate Medium 

(F1), mix, and incubate at 30° to 35° for 24 to 48 hours . 

Streak a loopful from both incubated media onto individual 

surfaces of one or more of following media: Brilliant Green 

Agar Medium (BG-Agar), Xylose-Lysine-Desoxycholate

Agar Medium (XLDC-Agar), Hektoen Enteric Agar Medium 

(HE Agar), and MacConkey Agar Medium (MC Agar). Cov

er, invert the plates, and incubate at 30° to 35° for 24 to 48 

hours. Examine the inoculated plates of BG-Agar, XLDC

Agar, and HE Agar, and interpret the results with reference 

to Table 2: if no colonies having the characteristics de

scribed are observed, the test specimen meets the require

ment for the absence of Salmonella species. If colonies 

with characteristics described in Table 2 are present, the sus

pect colonies are transferred to a slant of Triple Sugar-Jron

Agar Medium (TS/) using an inoculating wire, by first 

streaking the surface of the slant, and then stabbing the wire 

well beneath the surface. Incubate at 30° to 35° for 24 to 48 

hours. If the tubes do not have red alkaline slants and yellow 

acid butts, with or without concomitant blackening of the 

butts from hydrogen sulfide production, the test specimen 

meets the requirement for the absence of Salmonella spe

cies. 
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Table 2. Characteristics of Salmonella Species on Specified Agar Media 

Agar Medium Colonial Morphology Gram Stain 

Brilliant Green Small, transparent and colorless; or opaque, pink or white 

(often surrounded by pink to red zone) 

(-), rods 

Xylose-Lysine-Desoxycholate 

Hs:_ktoen Ente_ric 

Red, with or without black centers (-), rods 

(-), rods Blue-green, with or without black centers 

Test for Absence of Escherichia coli 

Incubate at 30° to 35° for 24 to 48 hours. From FSCD, 

pi pet a I-ml aliquots into a container containing IO mL 

of MacConkey Broth , mix, and incubate at 30° to 35° for 

24 to 48 hours . Streak a loopful from both incubated media 

onto individual surfaces of MacConkey Agar Medium (MC 

Agar).Examine the inoculated MC Agar plate, and interpret 

the results with reference to Table 3: if no colonies having 

the characteristics described are observed, the test specimen 

meets the requirement for the absence of Escherichia coli. 

Suspect colonies showing the characteristics described in 

Table 3 are transferred individually, using an inoculating 

loop, to the surface of a plate with Levine Eosin-Methylene 

Blue-Agar Medium (LEMB-Agar). If a large number of sus

pect colonies are to be transferred, divide the surface of each 

plate into quadrants, each quadrant being inoculated with a 

different colony. Cover the plates, invert, and incubate at 

30° to 35° for 24 to 48 hours . If none of the colonies exhibit 

a characteristic metallic sheen under reflected light, and if 

none exhibit a blue-black appearance under transmitted 

light, the test specimen meets the requirement for the ab

sence of Escherichia coli. 

Table 3. Characteristics of Escherichia coli on MacConkey Agar Medium. 

Colonial Morphology 

Brick red, may have surrounding zone of precipitated bile 

Test for Absence of Clostridium Species 

Test Preparation-Prepare as directed for &t,1ifJle E'!'Cfl 

t1N1#8,t Sampling. [NOTE-On the basis of results for Pre

paratory Tes ting , modify the Test Preparation as 

appropriate.] 

Procedure-Take two equal portions of the Test Prepa

ration, heat one to 80° for l 0 minutes , and cool rapidly. 

Transfer 10 ml of each portion to separate containers, each 

Gram Stain 

(-), rods 

containing I 00 mL of Reinforced Medium for Clostridia, 

and incubate under anaerobic conditions at 35° to 37° for 

48 hours . After incubation, subculture each specimen on 

Columbia Agar Medium to which gentamicin has been 

added, and incubate under anaerobic conditions at 35° to 

37° for 48 hours. Examine the plates, and interpret with ref

erence to Table 4: if no growth of microorganisms is de

tected , the test specimen meets the requirement for the 

absence of Clostridium species. 
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Table 4. Characteristics of Clostridium Species on Specified Media. 

Medium 

Reinforced Medium for Clostridia 

Columbia Agar 

If growth occurs, subculture each distinct colony on Co

lumbia Agar Medium, and separately incubate in aerobic 

and in anaerobic conditions at 35° to 37° for 48 hours . 

The occurrence of only anaerobic growth of Gram-positive 

bacilli, giving a negative catalase reaction, indicates the pre

sence of Clostridium sporogenes. To perform the catalase 

test, transfer discrete colonies to glass slides, and apply a 

drop of dilute hydrogen peroxide solution: the reaction is 

negative if no gas bubbles evolve. If the test specimen ex

hibits none of these characteristics, it meets the requirement 

for the absence of Clostridium species .• usP27 

BRIEFING 

(2023) Microbiological Attributes of Nonsterile Nutritional 
and Dietary Supplements, page 8770 of PF 25(5) [Sept.- Oct. 
1999]. This proposed new chapter, which previously appeared in 
Pharmacopeial Previews, is now forwarded to In-Process Revi
sion . It has been substantially revised, with the following changes 
based upon comments received: 
(I) The title is changed. 
(2) The introductory material is expanded, with further discus

sion of raw materials, pharmaceutical ingredients, and the ac
tive ingredients used in the manufacture of nutritional and 
dietary supplements. 

(3) The discussion of microbiological monitoring is expanded. 
(4) The Supplement Components section is expanded with further 

discussion pertaining to Enterobacteriaceae. 
(5) A table providing definitions for a range of botanical materials 

is added. 
(6) The two tables containing recommended microbial limits are 

revised. 

(AMB: D. A. Porter) RTS- 39332-3 

Gram Stain 

(+), rods 

(+). rods 

Add the following: 

Catalase 

Negative 

•(2023) MICROBIOLOGICAL 
ATTRIBUTES OF NONSTERILE 
NUTRITIONAL AND DIETARY 
ARTICLES SUPPLEMENTS 

Pe1tY Fav,r materials l:ISed in manl:lfaeNFing of nl:ltfitional 

and dieta~· aitieles aFe steFile when Feeeii,·ed, and speeial 

tfeatfnent ma;· be FeEJ:l:liFed to FendeF them mieFobiologieall;r 

aeeeptable FOF l:ISe. 8tfiet adheFeRee to effeeti•,·e eRYiFOR 

meRtal eoRtfol, saRitatioR, eEJ:l:lipmeRt eleaRing pmetiees, 

and sol:lnd peFsonal hygieRe pFaetiees is vital iR miRimi,.,ing 

the type aRd the Rl:lmbeF ofmieFooFgaRisms. MoFeo•,·eF, The 

raw materials, pharmaceutical ingredients, and active ingre

dients used in the manufacture of nutritional and dietary ar

ticles may range from chemically synthesized vitamins to 

plant extracts and animal byproducts, and these ingredients 

are typically not sterile. Considerable experience has ac

crued with these highly refined plant- and animal-derived 

pharmaceutical ingredients, such as microcrystalline cellu

lose, modified starch, lactose, and magnesium stearate, 

and their microbiological attributes are well established. Bo

tanicals may be microbiologically contaminated at any point 

during cultivation, harvesting, processing, packing, and dis

tribution. Major sources of microbial contamination are as

sociated with human or animal feces used as plant manure, 

contaminated irrigation water and/or process water, and 

poor worker hygiene and sanitation practices during har

vesting, sorting, processing, packaging, and transportation. 

Furthermore, it is essential that microbiological contamina-
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tion be minimized during the manufacture ofnonsterile diet

ary supplements. To achieve this, Good Manufacturing 

Practices are employed and adequate microbiological speci

fications are established. 

Microbiological process control, control of the bioburden 

of raw materials, and control of the manufacturing process 

to minimize cross-contamination are necessary to guarantee 

acceptable microbial quality in the final dosage forms. Be

cause nonaqueous or dry dosage forms do not support mi

crobial growth because of low water activity heftee, the 

microbial quality of such articles is a function of the micro

organisms introduced through ingredients aHd mteipieHts or 

during processing. IH additieH te eeHsideFiHg the iHteHdeEI 

ttse ef the pFedttet, the ffeqtteHe,· ef miefeeial testiHg fef 

~e eeished HeHsterile sttpplemeHt eettld ee a ftiHetieH ef 

the histerieal dataease ef that predttet aHd the EletfleestfateEI 

effeeti,·eeess ef pregrams eeHtfelliHg the Fa',Y materials. In 

addition to considering the intended use of the product, the 

frequency of microbial testing for the finished nonsterile 

dietary supplement would be a function of the historical mi

crobial testing database of that product, knowledge of the 

manufacturing processes, the susceptibility of the formula

tion to microbial proliferation, and the demonstrated effr_... 

tiveness of programs controlling the raw materials . 

FORMULATION AND PROCESS DESIGN 

From a microbiological perspective, the development of 

the formulation of nutritional or dietary supplements in

cludes an evaluation of raw materials and their suppliers 

and the contribution made to the products by each ingredient 

and the manufacturing processes. Characterization of these 

elements allows the adequacy of the manufacturing process 

to be demonstrated. For example, if a product is formulated 

with an ingredient of botanical or animal origin known to 

possess a high, variable, or unpredictable level ofmicrobio-

logical contamination, it is necessary to ensure that the fflftft

ttfoetttriHg preeess wil l iHaeti Yate er r eH1e Ye aH y 

el3jeetieHaele eeHtamiHaHt pessiely preseHt microbiological 

monitoring identifies ingredients that have an inappropriate 

bioburden level and that a premanufacturing process such as 

drying, extraction, heat treatment, irradiation, or gaseous 

sterilization treatment will inactivate or remove any objec

tionable contaminant possibly present. 

However, the selected treatment technique should not 

have any adverse effects. The treatment of raw materials 

by irradiation and ethylene oxide may cause unwanted 

changes affecting the safety and efficacy of the raw material. 

For instance, when treated by ethylene oxide, crude extracts 

containing alkaloids have shown reduced contents of alka

loids. Dry heat treatment has been used for inactivation as 

well, but it requires further evaluation because it may ad

versely affect stability and degradation of the raw material. 

With regard to the design of manufacturing process, appro

priate consideration should be given to the microbiological 

effect of wet granulation manufacturing processes. Wetting 

of a dry powder can result in increased levels of microorgan

isms if the granulation is stored prior to drying. However, it 

is recognized that the pressure and temperature associated 

with compression of tablets will decrease microbial counts. 

Antimicrobial activity is also achieved, especially with 

aqueous preparations, by the addition of chemicals that have 

known antimicrobial properties and that are compatible with 

the formulation . 

However, antimicrobial preservation is not a substitute for 

Good Manufacturing Practices . A process has to be de

signed to minimize the microbiological population. Operat

ing procedures and temperatures and time limits, including 

holding times, are established to protect the product from 

microbiological contamination and growth. All processes 

have to be validated for their intended purposes. Moreover, 
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in-process manufacturing and testing controls necessary for 

microbiological quality should be identified and implemen

ted. 

FACILITIES, EQUIPMENT, WATER, AND 

SANITIZATION 

Facilities-The facilities, including the building and the 

heating, ventilation, and air-conditioning (HVAC) systems, 

should be designed to minimize microbiological contamina

tion. The design of facilities used for the manufacture of 

supplements and their operating parameters should be docu

mented, and the documentation should include, when ap

propriate, HVAC filter types, pFess1:1Fe EliffeFeFltials, aFIEI air 

ekaF1ges space pressure differentials, temperature, and rela

tive humidity and air changes. Dry products processed in a 

dry environment do not possess a high potential for in

creased microbial levels. However, some control is war

ranted to minimize microbiological and chemical 

contamination. Potentially problematic areas are those that 

utilize Purified Water for wet granulation, aFIEI eeatiFlg 

batching liquid products, and film-coating tablets, because 

water encourages microbial growth. 

Equipment-Equipment used for the processing of semi

solid and dry supplements should be designed to promote 

sanitary conditions, to be self-drying, and to be easy to 

clean. Dryers, ovens, wet granulation equipment, bulk 

tanks, and equipment for preparation of coating solutions 

are periodically evaluated to ensure that cleaning procedures 

are adequate. 

Water-As one of the major components in nutritional 

and dietary supplement manufacturing processes, water de

serves a special consideration in the microbiological control 

of these articles. It is a growth medium for a variety of mi-

croorganisms that present a threat to product quality, safety, 

preservation, and stability. Water may even act as a carrier of 

objectionable microorganisms. In view of this, water used in 

manufacturing is Purified Water. For the manufacture ofraw 

materials, process water that meets specific microbiological 

objectives and SffiFlea:FEls Fl'llt)' ee 1:1seEI U.S. Environmental 

Protection Agency National Drinking Water standards or 

equivalent European and Japanese standards may be used. 

Cleaning and Sanitization-Detailed and specific clean

ing and sanitization procedures should be evaluated, devel

oped, and validated, with special attention given to product 

contact surfaces. Personnel should possess sufficient knowl

edge of these procedures. 

SUPPLEMENT COMPONENTS 

Raw materials, excipients, and active substances as com

ponents of nutritional and dietary supplements can be a pri

mary source of microbiological contamination . 

Specifications should be developed and sampling plans 

and test procedures should be employed to guarantee the de

sired microbiological attributes of these materials. The nat

ure and extent of microbiological testing should be based 

upon a knowledge of the materials origin, its manufacturing 

process, its use, and historical data and experience. For in

stance, materials of animal or botanical origin that are not 

highly refined might require special, more frequent testing 

than synthetic products. 

Since members of the family Enterobacteriaceae are a 

major component of the normal epiphytic and endophytic 

microflora (e.g., members of genera Klebsiella, Enterobac

ter, and Erwinia) have been associated with the seeds, pods, 

roots, leaves, and stems of plants of economic importance, 

Coliform or Enterobacteriaceae counts will not be an appro

priate microbiological criterion for botanicals. However, 

when it is considered advantageous, Coliform or Enterobac-
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teriaceae counts may be included in the individual mono

graphs. Typically on new leaves, bacteria predominate in 

the microflora, while yeast and filamentous fungi succeed 

bacteria and become dominant late in the growing season. 

With dried botanicals, the bacterial population will tend to 

change from Gram-negative bacteria to Gram-positive spore 

fonners and fungi. Refinement of botanicals from chopped 

or powdered plant material to powdered extracts using alco

holic, alkaline, or acid hydro-alcoholic, or aqueous extract

ing materials will reduce the likelihood of vegetative 

microorganisms with in the botanical material. The classifi

cation of botanical materials is contained in Table J. 

Botanical Preparation 

Chopped or Powdered 

Botanicals 

Botanical Extracts 

Tinctures 

Infusions 

Decoctions 

Fluidextracts 

Teas 

Table 1. Definitions of a Range of Botanical Materials 

Definition 

Handed picked portions of the botanical (i.e., leaves, flowers, roots, 

tubers, etc.) that are air dried, and chopped, flaked, sectioned, 

ground, or pulverized to the consistency of a powder. 

Extracts are solids or semisolid preparations of a botanical that are pre

pared by percolation, filtration, and concentration by evaporation 

of the percolate. The extracting material may by alcoholic, alkaline, 

or acid hydro-alcoholic or aqueous in nature. Typically an extract 

is 4 to 10 times as strong as the original botanical. The extracts 

may be semisolids or dry powders termed powdered extracts. 

Tinctures are solutions of botanical substances in alcohol obtained by 

extraction of the powdered, flaked or sectioned botanical. 

Infusions are solutions of botanical principles obtained by soaking the 

powdered botanical in hot or cold water for a specified time and 

straining. Typically infusions are 5% in strength. 

Decoctions are solutions of botanicals prepared by boiling the material 

in water for at least 15 minutes and straining. Typically decoctions 

are 5% in strength. 

A fluidextract is an alcoholic liquid extract made by percolation of a 

botanical so that 1 mL of the fluid extract represents 1 g of the 

botanical. 

Dried botanicals to which boiling water is added immediately prior to 

consum tion. 
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MICROBIOLOGICAL TESTING 

Frequency of Sampling and Testing 

Microbiological attribute sampling and testing plans vary 

widely. In some cases no sampling or testing is necessary; in 

other cases periodic monitoring is warranted; and yet for 

some articles each batch requires sampling and testing. 

The design of the sampling and testing plans and the kind 

of attributes examined depend on the application and the 

type of the product, the potential for contamination from 

components and processing, the growth promotion or inhi

bition properties of the formulation, and the target popula

tion for the supplement. For example, a powdered botanical 

may have highly variable microbiological attributes so that 

an incoming batch would be sampled and composite testing 

would not be advised, while a highly refined botanical ex

tract may not require routine microbial testing. Similarly, 

products with a low water activity will not be susceptible 

to microbial growth during their shelf life provided they 

are protected from elevated humidity by their containers. 

8Al\4PLINC 

S1HHflliRg fer testiRg of mierobiologieel ettribt1tes f!re 

seRts some l:IHiEft!e flFOblems. Sf!eeiel eere is reeit1ired dt1riRg 

sefflf)liRg ta e\'oid iRtredt1eiRg fflierebiologieel eeRtemiRe 

tioR. GeRerell;•, elthot1gh semf!le eoRteiRers eRd t1teRsils 

ere steriliwd, the seffif!liRg eennot be eeffied ot1t t1Rder esefl 

tie eoRditioes. Howe¥er, ehaRees fer aeeideRtel eeRteffliRe 

tioR he,•e to be ffliRiffli2ed eRd, as mt1eh as f!Ossible, 

semi:iliRg shet1ld tal,e f!leee tinder eoRtrolled eoRditieRs. 

. lly . tiOR IS t!Stl!¼ . . el e0Rtam1Re 
t fflierob10log1e h· stetis "lheR fJfeseR ' t H'le bateh. T tis, 

" . 0""6 .... ee . I 
. fefffll;• distrtbt1te . etioR ef e S!Rg e 

Rot i:tm , .. le· ·el eeRteHnR 
assess le 

17 
v · ret1 

ti eel semf!liHg ta I fr •oly smell Sl¼fRflle s12es 
. l The re e , 

beteh is iFRf!reetlee . . l t stiRg f!resent eRother eem 

d fer miere 10 e l are bleHde 
b" l g1ea e d 

tiHel;· tise mf!osite saffifl es 

lieatiHg ffteter. . tlie S!¼ffifJle. ' ' Therefere, ea 6 lth0t1gh 
fl hemogeR12e 

d miited thefet1ghly ta . . dosigRed se thet the 
en faeters, seFRflltRg ts 
1 · ffiited ay these . beteh er let. 
I ·,, ef the eRttre I . s r9flreseRtet1' e S!¼mfl e I 

TE8TINC 

Reg1:tler FReHitoriRg iRol1:tdes eR ei,e1HiRetien of the miere 

biolegieal ettribt1tes of iRgredieRts eRd StlflfllemeRts eHd e 

deterFRiRetioR thet the ertieles !fleet the mierebielegieel 

steRderds set ferth iR the iRdiYidt1el m0Rogre13hs eRd iR this 

eh!¼f!ter eRd thet they meet edditieRel Feett1iFemeRts dieteted 

by their iHteRded 1:tse. It is meRifestl;• ifflfJOSsible ta i0elt1de 

iH eeeh meRogi:eflh e test fer eYel)' mieFobial eeRtemiReRt 

thet eo1:tld be flFeSeRt. TherefeFe, the sigtiifieaRee ef the flre 

seRee of mieroorgenisms iR HORsterile StlflfllemeHts shot1ld 

be e,•el1:teted iH tefffls of the 1:tse eRd the Retl:tre ef the 13ro 

dt1et, the f!OteRtial he2aFd ta the 1:tseF, tmd 130ssible fttrther 

flFOeessiRg by the t1ser. 

Microbial Enumeration Tests 

See the Introduction under Microbial Enumeration 

Tests-Nutritional and Dietary ,frtieles Supplements 

(2021). These tests provide meaningful information regard

ing the microbiological acceptability of excipients, active 

substances, and nonsterile supplement formulations. If the 
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individual monograph does not specify microbial enumera

tion limits, the guidance provided in this chapter is used. 

Acceptable general limits of microbial levels for raw mate

rials, excipients, and botanical products are shown in Table 

2; and those for raw materials, excipients, active ingredients, 

and other nonsterile finished articles that are nutritional sup

plements but do not contain botanicals are shown in Table 

J .aeti,·e iRgredieRts are showfl iR 'Fable l , afld those fer 

RORsterile HRished artieles are sho•;,'R ifl 'Fahie 2. Limits flre 

seRted ifl beth tables are based eR the a·,·erage of refllieate 

eouRts flerfefffled Ofl the same samflle; furtheffflore, ifl geR 

era!, fer baeterial eouRts a Yah,1e elleeeding the target limit 

by Rot mere than 0.3 log is aee9fltable, while fer the eoffl 

biRed molds and )'easts eeuRt an aeeefltable ,·ariation o·,·er 

the target Yalue is aet mere rkaH 0.5 log. ~lote that betanieal 

elttraets are e1tfleeted te ha·,·e lo·uer fflieroeiologieal eounts 

than eetaaieal substaHees themselyes. These target le,·els 

flro·,·ide an o,•efftll iaden of the relati.,·e le·,·el of eeHtElffiina 

tien aRa alse flF9'ride iRfeffflation frem a mierobiologieal 

flersfleeth·e regarding the SUflfllier's manufaeturing flFOeess . 

Aeeefltaele ff!ieroeial qualiD' fer nensterile SUflfllemeHts is 

eased flrifflaril'.)1 on the t)1fle, water aetiYit)·, aHa the flOteHtial 

fuFther flroeessiHg by the user, as showfl in Table 2. 

Table 1. Mierahiel E11111Beretiae Limits fer C8Htfl8nenb af Nutritianel eell Dietary Aftieles. 

Cemrionents 

Grigtft" 

Betanieal gul:, 

!HftReeS 

BetaRieal B1ttraets 

Target Lifflit (iR efu rier g) 

Total CorRbiHed 

Total Aeroeie Mi Molds Md ¥easts 

ereeial Ceunt b6Uffi Celifefffl Ceunt 

,..Other thaR eetanieal suestaHees and flrOflaratieHs . 

A:bseHee ef Objee 

Bnterehaeterial tieHable Mieroer 

b6Uftt garMSffiS 

&JntB1tcll-a Sfleeies 

Esehe1•iehia eBl-i 

Esehe1·iehia eBJi 

Enheriehia eBU 

8tap hyJB CB ee1xs 

tffll"Ctt9 
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Tobie 2. MieFobial Enumeueon Limits foF NonsteFile Finished Nuwieonal and Diet&F)' AFaeles. 

Target Limit (ifl effi tier g) 

Toto! CameiHea P.ceseHee af Oejee 

Total AeFaeie Mi Malas llflS ¥easts BHterneaeteFial tioflaele Miol'OOF 

Type of Al'tiele 

A.rtieles" Cofltoining 

Row Materials af 

~~aR:lrol Origin 

BotoHieols te '.l,cl;iek 

Bailing Water is 

Asses eefere Use" 

Otker Botonieols 

eraeiol C01:1Ht Get:tflt: 

-H)4 w~ 

w~ -H)4 

-H)4 M; 

...... Otkef tkon eotllflieol S\itJStllflees one flFCfJllflltians. 

Colifefffl C01:1flt 

w~ 

M; 

w~ 

Get:tflt: 

w~ 

M; 

w~ 

goflisms 

8r:tfoumcUa st9eeies 

&chcrichir:t co~i 

&!11101,cUr:t st9eeies 

Esehc1·ichir:t coli 

8,aphy•kJcOCCU!i f!tW' 

et:t!i-

8r:tlmo1icUr:t st9eeies 

Esehcrichir:t coli 

Sfflphy·l<JCOCCU!i f!tf;tl' 

et:lff 

~atof!ieols ta v,rkiek bailing water is not aaded ore eRt9eeted to ka-.·e redt1eed fflieraeialogieol !e,,els OOfflfJllFed witk eo 

toflieols flFCfJllred witk eailiflg water. 

Table 2. Recommended Microbial Limits for Botanical Ingredients and Products 

Material 

Dried or Powdered Botanicals 

Powdered Botanical Extracts 

Tinctures 

Recommended Microbial Limit Requirements 

(cfu/g or mL) 

Total Aerobic Microbial Count NMT 105 

Total Combined Yeast & Mold Count NMT 103 

Bile-tolerant Gram-negative Bacteria NMT 103 

Absence of Salmonella spp. & E. coli in 10 g 

Total Aerobic Microbial Count NMT 104 

Total Combined Yeast & Mold Count NMT 103 

Absence of Salmonella spp. & E. coli in 10 g 

Total Aerobic Microbial Count NMT 104 

Total Combined Yeast & Mold Count NMT 103 
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Table 2. Recommended Microbial Limits for Botanical Ingredients and Products (continued) 

Material 

Fluidextracts 

Infusions/Decoctions 

Nutritional Supplements with Botanicals 

Teas 

Recommended Microbial Limit Requirements 

(cfu/g or mL) 

Total Aerobic Microbial Count NMT 104 

Total Combined Yeast & Mold Count NMT 103 

Total Aerobic Microbial Count NMT 102 

Total Combined Yeast & Mold Count NMT 10 

Total Aerobic Microbial Count NMT 104 

Total Combined Yeast & Mold Count NMT 103 

Absence of Salmonella spp & E. coli in 10 g 

Total Aerobic Microbial Count NMT 105 

Total Combined Yeast & Mold Count NMT 103 

Absence of E. coli in 10 g 

Table 3. Recommended Microbial Limits for Botanical Ingredients and Products 

Material 

Other raw materials and dietary supplement 

ingredients 

Nutritional supplements with synthetic or highly 

refined ingredients 

Recommended Microbial Limit Requirements 

(cfu/g or mL) 

Total Aerobic Microbial Count NMT 103 

Total Combined Yeast & Mold Count NMT 102 

Absence of E. coli in 10 g 

Total Aerobic Microbial Count NMT 103 

Total Combined Yeast & Mold Count NMT 102 

Absence of E. coli in 10 g 

303 

Absence of Objectionable Microorganisms 

See Introduction under Microbiological Testing for Ab

sence of Objectionable Microorganisms in Nutritional and 

Dietary Artie/a Supplements (2022). Absence of one or 

more species of objectionable microorganisms is required 

in some individual monographs . 

Test for Aflatoxins-Dietary and nutritional articles con

taining botanical products with a history of mycotoxin con

tamination are also typically tested for aflatoxins, especially 

if the material is obtained from roots or rhizomes. Where 

necessary, this test is included in the individual monograph. 
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Solid Oral Dosage Forms-Among all dosage forms, 

solid oral dosage forms present the lowest microbiological 

risk because of their method of manufacture and low water 

activity. Ilewe¥ef, v1k8fl tkese ortieles llfe ittteneee IBatnl)· 

fer a kigk HSI( p01ndati0n Sl:l9fi as Hflffll:lft0Sl:lflflfessee 0f i-IB 

m1:1n0e0mpf0misee patients, fef patients 1tvitk 1:1leefs, ef fef 

patients v,·itk e;·stie i=tbresis, the neffflal pf0Ei1:1et flera is eb 

j eetienable. 

Other Concerns-The presence of some microorgan

isms in articles can be an indicator of processes that are 

not under microbiological control. For example, Purified 

Water used at some stage of the manufacture of these pro

ducts might contain a typical flora of Gram-negative micro

organisms. As with pharmaceutical products, inadequate 

processing of water and poor maintenance of water systems 

may result in the contamination of processed formulations 

by Gram-negative microorganisms .• usm 
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Items from Earlier Numbers of PF that Have Not Yet Appeared in a Supplement, and are Therefore Candidates for Subsequent Supplements. 

GENERAL NOTICES AND REQUIREMENTS 
Ingredients and ,:roces_ses- ~ee P,~ Vol. 28 No. 5, page 13 79. "Official" and Official Articles - See PF Vol. 28 No. 6, page I 757. 
Preservation, Packaging, Storage, and Labeling- See PF Vol. 28 No. 3, page 734. 
Significant Figures and Tolerances- See PF Vol. 28 No. 5, page 1379. 
Tests and Assays- See PF Vol. 28 No. 5, page 1380. 

USP MONOGRAPHS 
Acebutolol Hydrochloride- See PF Vol. 27 No. 3, page 2493. Acebutolol Hydrochloride Capsules- See PF Vol. 27 No. I , page 1743. 
Acepromazine Maleate- See PF Vol. 27 No. 3, page 2493. Acepromazine Maleate lnJect10n- See PF Vol. 27 No. 3, page 2494. 
Acepromazine Maleate Tablets- See PF Vol. 27 No. 3, page 2494. Acetaminophen- See PF Vol. 27 No. 3, page 2494. Acetaminophen Capsules- See PF Vol. 27 No. 3, page 2494. Acetaminophen for Effervescent Oral Solution- See PF Vol. 27 No. 3, page 2495. 
Acetaminophen Oral Solution- See PF Vol. 27 No. 3, page 2494. Acetaminophen Oral Suspension- See PF Vol. 27 No. 3, page 2495. 
Acetaminophen Suppositories- See PF Vol. 27 No. 3, page 2495. Acetaminophen Tablets- See PF Vol. 27 No. 3, page 2495 . Acetaminophen and Aspirin Tablets- See PF Vol. 27 No. 3, page 2495. 
Acetaminophen, Aspirin, and Caffeine Tablets-See PF Vol. 27 No. 3, page 2495. 
Acetaminophen and Caffeine Tablets- See PF Vol. 27 No. 3, page 2496. 
Capsules Containing at Least Three of the Following- Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and Pseudoephedrine- See PF Vol. 27 No. 3, page 2496. 
Oral Powder Containing at Least Three of the Following- Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and Pseudoephedrine- See PF Vol. 27 No. 3, page 2496. 
Oral Solution Containing at Least Three of the Following- Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and Pseudoephedrine- See PF Vol. 27 No. 6, page 3241. 
Tablets Containing at Least Three of the Following- Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and Pseudoephedrine- See PF Vol. 27 No. 3, page 2496. 
Acetaminophen and Codeine Phosphate Capsules- See PF Vol. 27 No. 3, page 2496. 
Acetaminophen and Codeine Phosphate Tablets- See PF Vol. 27 No. 3, page 2973 . 
Acetaminophen and Codeine Phosphate Oral Solution- See PF Vol. 27 No. 3, page 2497. 
Acetaminophen and Codeine Phosphate Oral Suspension- See PF Vol. 27 No. 3, page 2497. 
Acetaminophen, Dextromethorphan Hydrobromide, Doxylamine Succinate, and Pseudoephedrine Hydrochl oride Oral Solution- See PF Vol. 27 No. 3, page 2499. Acetaminophen and Diphenhydramine Citrate Tablets-See PF Vol. 27 No. 3, page 2499. 
Acetaminophen, Diphenhydramine Hydrochloride, and Pseudoephedrine Hydrochloride Tablets-See PF Vol. 27 No. 3, page 2499. 

Acetaminophen and Pseudoephedrine Hydrochloride Tablets-See PF Vol. 27 No. 3, page 2500. 
Acetazolamide- See PF Vol. 27 No. 3, page 2500. Acetazolamide for Injection- See PF Vol. 27 No. 3, page 2500. Acetazolamide Tablets- See PF Vol. 27 No. 3, page 2501. Glacial Acetic Acid- See PF Vol. 27 No. 3, page 2501. Acetic Acid Irrigation- See PF Vol. 27 No. 3, page 2501. Acetic Acid Otic Solution- See PF Vol. 27 No. 3, page 2501. Acetohexamide- See PF Vol. 27 No. 3, page 2501. Acetohexamide Tablets-See PF Vol. 27 No. 3, page 2501. Acetohydroxamic Acid Tablets- See PF Vol. 27 No. 3, page 2503. Acetylcholine Chloride-See PF Vol. 27 No. 3, page 2502. Acetylcholine Chloride for Ophthalmic Solution- See PF Vol. 27 No. 3, page 2502. 

Acetylcysteine-See PF Vol. 27 No. 3, page 2503. Acetylcysteine Solution- See PF Vol. 27 No. 3, page 2503. Acetylcysteine and lsoproterenol Hydrochloride Inhalation Solu-tion- See PF Vol. 27 No. 3, page 2503. Acyclovir- See PF Vol. 27 No. 3, page 2503. Acyclovir Capsules- See PF Vol. 27 No. 3, page 2503 . Acyclovir for Injection- See PF Vol. 27 No. 3, page 2503. Acyclovir Ointment- See PF Vol. 27 No. 3, page 2504. Acyclovir Oral Suspension- See PF Vol. 27 No. 3, page 2504. Acyclovir Tablets- See PF Vol. 27 No. 3, page 2504. Adenine-See PF Vol. 27 No. 3, page 2504. Adenosine- See PF Vol. 27 No. 3, page 2504. Adenosine Injection- See PF Vol. 27 No. 3, page 2504. Albendazole- See PF Vol. 27 No. 3, page 2505. Albendazole Oral Suspension- See PF Vol. 27 No. 3, page 2505 . Albendazole Tablets- See PF Vol. 27 No. 3, page 2505. Albuterol- See PF Vol. 27 No. 3, page 2505. Albuterol Sulfate- See PF Vol. 27 No. 3, page 2506. Albuterol Tablets- See PF Vol. 27 No. 3, page 2506. Alclometasone Diptopionate- See PF Vol. 27 No. 3, page 2506. Alclometasone Dipropionate Cream- See PF Vol. 27 No. 3, page 2507. 
Alclometasone Dipropionate Ointment- See PF Vol. 27 No. 3, page 2507. 
Alcohol- See PF Vol. 27 No. 3, page 2507. Dehydrated Alcohol- See PF Vol. 27 No. 3, page 2507. Dehydrated Alcohol Injection- See PF Vol. 27 No. 3, page 2507. Rubbing Alcohol- See PF Vol. 27 No. 3, page 2507. Alcohol in Dextrose Injection- See PF Vol. 27 No. 3, page 2508. Alendronate Sodium- See PF Vol. 28 No. 3, page 737. Alendronate Sodium Tablets-See PF Vol. 28 No. 3, page 740. Allopurinol- See PF Vol. 28 No. 5, page 1387. Allopurinol Tablets- See PF Vol. 27 No. 3, page 2508. Ally! lsothiocyanate-See PF Vol. 27 No. 3, page 2509. Alprazolam- See PF Vol. 27 No. 3, page 2509. Alprazolam Tablets- See PF Vol. 27 No. 3, page 2509. Alprostadil- See PF Vol. 28 No. 2, page 245. Alprostadil Injection- See PF Vol. 28 No. 5, page 1389. Altretamine- See PF Vol. 27 No. 3, page 2514. Altretamine Capsules- See PF Vol. 27 No. 3, page 2514. Potassium Alum- See PF Vol. 27 No. 3, page 2515. Alumina and Magnesia Oral Suspension- See PF Vol. 27 No. 3, page 2515. 

Alumina and Magnesia Tablets- See PF Vol. 27 No. 3, page 2515 . Alumina, Magnesia, and Calcium Carbonate Oral SuspensionSee PF Vol. 27 No. 6, page 3241. 
Alumina, Magnesia, and Calcium Carbonate Tablets- See PF Vol. 27 No. 3, page 2515 . 
Alumina, Magnesia, Calcium Carbonate, and Simethicone Tablets-See PF Vol. 27 No. 6, page 3241. Amoxicillin and Clavulanate Potassium for Oral Suspension- See PF Vol. 28 No. 5, page 1392. 
Amoxicillin and Clavulanate Potassium Tablets- See PF Vol. 28 No. I , page 37. 
Amoxicillin Tablets- See PF Vol. 28 No. I, page 36. Amphetamine Sulfate- See PF Vol. 28 No. 3, page 744. Ampicillin- See PF Vol. 28 No. 6, page 1766. 
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Ampicillin Capsules-See PF Vol. 28 No. 6, page 1766. 
Ampicillin for Injectable Suspension- See PF Vol. 28 No. 6, page 

1766. 
Ampicillin Tablets- See PF Vol. 28 No. 6, page 1767. 
Aspartic Acid-See PF Vol. 28 No. 5, page 1391. 
Astemizole Tablets- See PF Vol. 28 No. 3, page 745. 
Atracurium Besylate Injection- See PF Vol. 26 No. 2, page 403. 
Azithromycin Capsules- See PF Vol. 27 No. 6, page 3394. 
Bacitracin- See PF Vol. 28 No. 3, page 745. 
Barium Sulfate Paste- See PF Vol. 25 No. 4, page 8479. 
Benazepril Hydrochloride- See PF Vol. 28 No. 6, page 1768. 
Benazepril Hydrochloride Tablets-See PF Vol. 28 No. I , page 39. 
Benzethonium Chloride Concentrate-See PF Vol. 28 No. 3, page 

745. 
Benztropine Mesylate Tablets- See PF Vol. 28 No. 5, page 1392. 
Benzylpenicilloyl Polylysine Concentrate-See PF Vol. 28 No. 3, 

page 746. 
Betahistine Hydrochloride- See PF Vol. 26 No. 5, page 140 I. 
Betamethasone- See PF Vol. 28 No. 6, page 1772. 
Betamethasone Cream- See PF Vol. 28 No. 6, page 1773. 
Betamethasone Acetate- See PF Vol. 28 No. 6, page 1773. 
Bethanechol Chloride Tablets- See PF Vol. 28 No. 6, page 1773. 
Bismuth Subsalicylate Oral Suspension- See PF Vol. 28 No. 2, 

page 627. 
Bismuth Subsalicylate Tablets- See PF Vol. 28 No. 5, page 1603. 
Bisoprolol Fumarate- See PF Vol. 26 No. 4, page 982. 
Bisoprolol Fumarate Tablets- See PF Vol. 26 No. 4, page 983. 
Bisoprolol Fumarate and Hydrochlorothiazide Tablets- See PF 

Vol. 26 No. 4, page 985. 
Brinzolamide Ophthalmic Suspension- See PF Vol. 28 No. 6, 

page 1774. 
Bromodiphenhydramine Hydrochloride and Codeine Phosphate 

Syrup-See PF Vol. 27 No. 5, page 2980. 
Bromodiphenhydramine Hydrochloride and Codeine Phosphate 

Oral Solution- See PF Vol. 27 No. 5, page 2980. 
Bromodiphenhydramine Hydrochloride Elixir- See PF Vol. 28 

No. 6, page 1776. 
Bromodiphenhydramine Hydrochloride Oral Solution- See PF 

Vol. 28 No. 6, page 1777. 
Calcium Carbonate Lozenges- See PF Vol. 28 No. 6, page 1778. 
Calcium Carbonate Tablets- See PF Vol. 28 No. 5, page 1392. 
Dibasic Calcium Phosphate-See PF Vol. 22 No. 6, page 3029. 
Anhydrous Dibasic Calcium Phosphate- See PF Vol. 22 No. 6, 

page 2011. 
Carbamazepine Extended-Release Tablets- See PF Vol. 28 No. 3, 

page 746. 
Carbidopa and Levodopa Tablets- See PF Vol. 28 No. 3, page 

747. 
Carboprost Tromethamine Injection- See PF Vol. 27 No. 5, page 

2990. 
Cefaclor-See PF Vol. 27 No. 3, page 2523. 
Cefazolin Ophthalmic Solution- See PF Vol. 28 No. 2, page 261 . 
Cefipime for Injection- See PF Vol. 28 No. 6, page 1778. 
Cefpiramide-See PF Vol. 28 No. 3, page 747. 
Cefuroxime Axetil for Oral Suspension- See PF Vol. 28 No. 6, 

page 1780. 
Cefuroxime Axetil Tablets- See PF Vol. 27 No. 5, page 2996. 
Cephalexin Tablets for Oral Suspension-See PF Vol. 28 No. 6, 

page 1782. 
Cimetidine Tablets- See PF Vol. 28 No. I, page 52. 
Clavulanate Potassium- See PF Vol. 28 No. 5, page 1393. 
Clindamycin Phosphate- See PF Vol. 27 No. 6, page 3267. 
Clindamycin Phosphate Topical Solution- See PF Vol. 28 No. 5, 

page 1393. 
Clonazepam Tablets- See PF Vol. 28 No. I, page 54. 
Clonidine- See PF Vol. 28 No. 4, page 1263. 
Clonidine Hydrochloride Injection- See PF Vol. 26 No. 2, page 

35 I. 
Clonidine Transdermal System- See PF Vol. 28 No. 2, page 265. 
Corticotropin Injection-See PF Vol. 28 No. 6, page 1783. 
Corticotropin for Injection- See PF Vol. 28 No. 6, page 1784. 

Cyanocobalamin Co 58 Capsules- See PF Vol. 28 No. 3, page 
748. 

Cyclandelate- See PF Vol. 26 No. 2, page 353. 
Cycloserine Capsules-See PF Vol. 28 No. 3, page 750. 
Cyclosporine Capsules- See PF Vol. 27 No. 4, page 2721. 
Desmopressin Acetate- See PF Vol. 24 No. 2, page 5773. 
Desmopressin Injection- See PF Vol. 24 No. 2, page 5778. 
Desmopressin Nasal Spray Solution- See PF Vol. 24 No. 2, page 

5779. 
Desogestrel- See PF Vol. 28 No. 6, page 1785. 
Desogestrel and Ethinyl Estradiol Tablets- See PF Vol. 28 No. 5, 

page 1394. 
Dexamethasone Injection- See PF Vol. 28 No. 5, page 1402. 
Dextran I- See PF Vol. 28 No. 6, page 1787. 
Dextroamphetamine Sulfate- See PF Vol. 28 No. 3, page 751. 
Diethylstilbestrol Diphosphate Tablets- See PF Vol. 23 No. I, 

page 3385. 
Digoxin Tablets- See PF Vol. 28 No. I, page 55. 
Dihydroergotamine Mesylate- See PF Vol. 24 No. I, page 5562. 
Dihydroergotamine Mesylate Injection- See PF Vol. 24 No. I , 

page 5564. 
Dihydroergotamine Mesylate Nasal Solution- See PF Vol. 25 No. 

6, page 9078. 
Dimenhydrinate Injection- See PF Vol. 28 No. 3, page 752. 
Dimenhydrinate Oral Solution- See PF Vol. 28 No. 3, page 753. 
Dimenhydrinate Syrup-See PF Vol. 28 No. 3, page 755. 
Dimenhydrinate Tablets- See PF Vol. 28 No. 3, page 756. 
Dipryidamole Injection- See PF Vol. 23 No. 3, page 3989. 
Dipryidamole Tablets- See PF Vol. 28 No. 5, page 1402. 
Dobutamine in Dextrose Injection- See PF Vol. 28 No. 5, page 

1403. 
Dolasetron Mesylate Injection- See PF Vol. 25 No. 4, page 8493. 
Dolasetron Mesylate Tablets- See PF Vol. 26 No. I, page 145 . 
Doxazosin Mesylate- See PF Vol. 28 No. 5, page 1403. 
Doxazosin Mesylate Tablets- See PF Vol. 28 No. 2, page 289. 
Estradiol Transdermal System- See PF Vol. 25 No. 6, page 9080. 
Ethambutol Hydrochloride Tablets- See PF Vol. 28 No. 5, page 

1406. 
Ethosuximide Oral Solution- See PF Vol. 28 No. 5, page 1407. 
Ethylenediamine-See PF Vol. 28 No. 6, page 1789. 
Etoposide-See PF Vol. 28 No. 5, page 1407. 
Felodipine Extended-Release Tablets- See PF Vol. 27 No. I, page 

1782. 
Ferric Subsulfate Solution-See PF Vol. 28 No. 6, page 1789. 
Ferric Sulfate- See PF Vol. 28 No. 6, page 1790. 
Ferumoxides Injection- See PF Vol. 28 No. 3, page 758. 
Fexofenadine Hydrochloride-See PF Vol. 28 No. 6, page 1790. 
Fexofenadine Hydrochloride Capsules-See PF Vol. 28 No. 6, 

page 1793. 
Fludarabine Phosphate- See PF Vol. 28 No. 6, page 1795. 
Fludarabine Phosphate for Injection- See PF Vol. 28 No. 6, page 

1799. 
Fluorodopa F 18 Injection- See PF Vol. 28 No. 3, page 762. 
Fluoxetine Capsules- See PF Vol. 28 No. 5, page 1408. 
Fluoxetine Hydrochloride- See PF Vol. 28 No. 6, page 1802. 
Fluoxetine Tablets- See PF Vol. 28 No. 6, page 1803. 
Fluoxetine Delayed-Release Capsules- See PF Vol. 28 No. 4, 

page 1265. 
Fluvastatin Capsules- See PF Vol. 25 No. 4, page 8423 . 
Fosphenytoin Sodium Injection- See PF Vol. 27 No. 6, page 3287. 
Gabapentin- See PF Vol. 27 No. 5, page 3004. 
Gabapentin Capsules-See PF Vol. 28 No. 2, page 298. 
Ganciclovir- See PF Vol. 28 No. 3, page 762. 
Ganciclovir for Injection- See PF Vol. 27 No. 5, page 3009. 
Gemcitabine Hydrochloride- See PF Vol. 27 No. 5, page 3 I 41. 
Gemcitabine for Injection- See PF Vol. 27 No. 5, page 3 I 42. 
Gemfibrozil- See PF Vol. 27 No. 6, page 3289. 
Glutaral Concentrate- See PF Vol. 28 No. 3, page 764. 
Glyburide Tablets- See PF Vol. 28 No. I, page 60. 
Glycerin- See PF Vol. 28 No. 3, page 764. 
Glycerin Injection- See PF Vol. 27 No. 5, page 3143. 
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Gold Sodium Thiomalate- See PF Vol. 28 No. 5, page 1410. 
Gonadorelin Hydrochloride- See PF Vol. 27 No. 3, page 2552. 
Graftskin- See PF Vol. 28 No. 6, page 1804. 
0.1 Normal Hydrochloric Acid Intravenous Injection- See PF Vol. 

27 No. 5, page 3144. 
Hydrocodone Bitartrate- See PF Vol. 28 No. I, page 63. 
Hydrocodone Bitartrate and Acetaminophen Tablets- See PF Vol. 

27 No. 6, page 3301. 
Hydrocodone Bitartate and Homatropine Methylbromide Tab-

lets- See PF Vol. 28 No. 4, page 1267. 
Hydrocortisone- See PF Vol. 28 No. 3, page 764. 
Hydrogen Peroxide Concentrate- See PF Vol. 28 No. 3, page 765. 
Ibuprofen Capsules- See PF Vol. 26 No. 2, page 360. 
lndapamide Tablets- See PF Vol. 28 No. 5, page 1410. 
Indinavir Sulfate- See PF Vol. 27 No. 2, page 2165 . 
Indinavir Sulfate Capsules- See PF Vol. 26 No. 6, page 1641 . 
Indium In I I I lbritumomab Tiuxetan Injection- See PF Vol. 28 

No. 6, page 1815. 
lndocyanine Green- See PF Vol. 28 No. 3, page 765. 
lndomethacin Topical Gel- See PF Vol. 24 No. 2, page 5808. 
Insulin- See PF Vol. 27 No. 3, page 2553. 
Insulin Lispro-See PF Vol. 28 No. 1, page 66. 
Insulin Lispro Injection- See PF Vol. 28 No. I, page 69. 
Inulin in Sodium Chloride Injection- See PF Vol. 28 No. 6, page 

1817. 
Jodoform- See PF Vol. 28 No. 6, page 1817. 
Jrbesartan- See PF Vol. 24 No. 6, page 7156. 
Jrbesartan Tablets- See PF Vol. 24 No. 6, page 7157. 
Jrbesartan and Hydrochlorothiazide Tablets- See PF Vol. 24 No. 

6, page 7158. 
Isosorbide Concentrate- See PF Vol. 28 No. 3, page 766. 
Isradipine Capsules- See PF Vol. 23 No. 4, page 4334. 
Ivermectin- See PF Vol. 27 No. I, page 1790. 
Ketamine Hydrochloride- See PF Vol. 28 No. 5, page 1411 . 
Lactic Acid- See PF Vol. 28 No. 6, page 181 7. 
Lactulose Concentrate- See PF Vol. 28 No. I, page 71. 
Lansoprazole Delayed-Release Capsules- See PF Vol. 28 No. 3, 

page 766. 
Leuprolide Acetate- See PF Vol. 28 No. 5, page 1412. 
Leuprolide Acetate Injection- See PF Vol. 25 No. 5, page 8722. 
Levocamitine- See PF Vol. 28 No. I, page 71. 
Levothyroxine Sodium Tablets- See PF Vol. 28 No. 2, page 312. 
Loperamide Hydrochloride Oral Solution- See PF Vol. 28 No. 5, 

page 1418. 
Loratadine-See PF Vol. 28 No. 5, page 1604. 
Loratadine Tablets- See PF Vol. 28 No. 5, page 1608. 
Loratadine Oral Solution- See PF Vol. 28 No. 5, page 1606. 
Mafenide Acetate- See PF Vol. 28 No. 3, page 769. 
Magnesium Carbonate, Citric Acid, and Potassium Citrate for Oral 

Solution- See PF Vol. 26 No. 4, page 1050. 
Mangafodipir Trisodium Injection- See PF Vol. 28 No. 5, page 

1419. 
Mannitol- See PF Vol. 27 No. 5, page 3017. 
Mannitol Injection- See PF Vol. 28 No. I, page 73. 
Mecamylamine Hydrochloride- See PF Vol. 28 No. 6, page 18 I 7. 
Mecamylamine Hydrochloride Tablets- See PF Vol. 28 No. 2, 

page 322. 
Medroxyprogesterone Acetate- See PF Vol. 27 No. 2, page 2172. 
Megestrol Acetate Oral Suspension- See PF Vol. 27 No. 6, page 

3314. 
Mephobarbital Tablets- See PF Vol. 26 No. I, page 178. 
Mepivicaine Hydrochloride Injection- See PF Vol. 28 No. 6, page 

1820. 
Methadone Hydrochloride Tablets- See PF Vol. 28 No. 6, page 

1820. 
Methadone Hydrochloride Tablets for Oral Suspension- See PF 

Vol. 28 No. 6, page 1821 . 
Methyldopa- See PF Vol. 28 No. 3, page 769. 
Methyldopa Tablets- See PF Vol. 28 No. 3, page 770. 
Metoprolol Succinate-See PF Vol. 27 o. 6, page 3316. 
Metronidazole Benzoate- See PF Vol. 25 No. 2, page 7747. 

Miconazole Nitrate Cream- See PF Vol. 26 No. 5, page 1302. 
Milrinone-See PF Vol. 27 No. 2, page 2175. 
Minocycline Hydrochloride- See PF Vol. 28 No. 3, page 770. 
Misoprostol- See PF Vol. 26 No. 5, page 1304. 
Misoprostol Dispersion- See PF Vol. 28 No. 3, page 772. 
Misoprostol Tablets- See PF Vol. 26 No. 5, page 1310. 
Molindone Hydrochloride Tablets- See PF Vol. 24 No. I, page 

5461. 
Morphine Sulfate Extended-Release Capsules- See PF Vol. 28 

No. 6, page 1822. 
Myrrh Topical Solution- See PF Vol. 28 No. 6, page 1825. 
Nabumetone Tablets- See PF Vol. 26 No. 5, page 1315. 
Naltrexone Hydrochloride- See PF Vol. 28 No. 2, page 329. 
Naphazoline Hydrochloride and Phenirarnine Maleate Ophthalmic 

Solution- See PF Vol. 28 No. 6, page 1825. 
Naratriptan Hydrochloride- See PF Vol. 28 No. 6, page 1827. 
Naratriptan Tablets- See PF Vol. 28 No. 6, page 1830. 
Neomycin and Polymyxin B Sulfates and Pramoxine Hydro-

chloride Cream- See PF Vol. 28 No. 3, page 774. 
Nevirapine- See PF Vol. 28 No. 6, page 1832. 
Nifedipine Extended-Release Tablets- See PF Vol. 28 No. 3, page 

775. 
Nimodipine- See PF Vol. 22 No. I, page 2041 . 
Norgestimate and Ethinyl Estradiol Tablets- See PF Vol. 28 No. 1, 

page 79. 
Nystatin- See PF Vol. 28 No. 4, page 1271. 
Nystatin Cream- See PF Vol. 28 No. 1, page 134. 
Nystatin Lozenges- See PF Vol. 28 No. I, page 135. 
Nystatin Ointment- See PF Vol. 28 No. I, page 136. 
Nystatin Topical Powder- See PF Vol. 28 No. I, page 136. 
Nystatin Oral Suspension- See PF Vol. 28 No. I, page 136. 
Nystatin Tablets- See PF Vol. 28 No. I, page 137. 
Nystatin and Triamcinolone Acetonide Cream-See PF Vol. 28 

No. 1, page 137. 
Nystatin and Triamcinolone Acetonide Ointment- See PF Vol. 28 

No. I, page 138. 
Octisalate (Formerly Octyl Salicylate}-See PF Vol. 28 No. 5, 

page 1420. 
Ondansetron Injection- See PF Vol. 28 No. 6, page 1835. 
Ondansetron Oral Solution- See PF Vol. 26 No. I, page 34. 
Oxandrolone- See PF Vol. 28 No. 6, page 1835. 
Oxybutynin Chloride- See PF Vol. 26 No. 6, page 1561. 
Water O 15 Injection- See PF Vol. 27 No. 2, page 2182. 
Paclitaxel- See PF Vol. 28 No. 5, page 1421. 
Paclitaxel Injection- See PF Vol. 27 No. 3, page 2572. 
Paroxetine Hydrochloride- See PF Vol. 28 No. 5, page 1425. 
Paroxetine Tablets- See PF Vol. 28 No. 3, page 777. 
Pentazocine Injection- See PF Vol. 28 No. 6, page I 836. 
Pentazocine and Acetaminophen Tablets- See PF Vol. 28 No. 6, 

page 1838. 
Pentazocine and Aspirin Tablets- See PF Vol. 28 No. 6, page 

1841 . 
Pentazocine and Naloxone Tablets- See PF Vol. 28 No. 6, page 

1844. 
Pentazocine and Naloxone Hydrochlorides Tablets- See PF Vol. 

28 No. 6, page 1846. 
Pentazocine Hydrochloride and Aspirin Tablets- See PF Vol. 28 

No. 6, page 1847. 
Pentazocine Lactate Injection- See PF Vol. 28 No. 6, page 1847. 
Pentoxifylline Extended-Release Tablets- See PF Vol. 28 No. 5, 

page 1433. 
Perflutren Protein-Type A Microspheres Injectable Suspension

See PF Vol. 28 No. 6, page 1848. 
Pertlutren Protein-Type A Microspheres for Injection- See PF 

Vol. 28 No. 6, page 1852. 
Petrolatum- See PF Vol. 28 No. 2, page 569. 
White Petrolatum- See PF Vol. 28 No. 2, page 570. 
Phenindamine Tartrate- See PF Vol. 25 No. 3, page 8063. 
Phenylbutazone-See PF Vol. 28 o. 5, page 1440. 
Phenyltoloxamine Dihydrogen Citrate- See PF Vol. 27 No. 6, 

page 3321. 
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Extended Phenytoin Sodium Capsules- See PF Vol. 28 No. 3, 
page 780. 

Phytonadione Injectable Emulsion-See PF Vol. 28 No. 6, page 
1852. 

Phytonadione Injection- See PF Vol. 28 No. 6, page 1853. 
Potassium chloride Extended-Release Capsules- See PF Vol. 22 

No. 6, page 3043. 
Prednisolone- See PF Vol. 28 No. 5, page 1440. 
Probenecid Tablets-See PF Vol. 28 No. 2, page 347. 
Progesterone Injectable Suspension- See PF Vol. 28 No. 5, page 

1440. 
Propofol- See PF Vol. 28 No. 6, page 1854. 
Propoxyphene Hydrochloride- See PF Vol. 28 No. 6, page 1857. 
Propoxyphene Napsylate- See PF Vol. 28 No. 6, page 1859. 
Protamine Sulfate- See PF Vol. 28 No. 6, page 1862. 
Pseudoephedrine Hydrochloride Extended-Release Tablets- See 

PF Vol. 27 No. 6, page 3325. 
Pyrethrum Extract- See PF Vol. 26 No. I, page 202. 
Quinapril Hydrochloride-See PF Vol. 25 No. 4, page 8429. 
Quinapril Tablets- See PF Vol. 25 No. 4, page 8432. 
Ranitidine Oral Solution- See PF Vol. 28 No. 2, page 360. 
Rifampin and Isoniazid Capsules- See PF Vol. 28 No. 6, page 

1862. 
Rifampin, lsoniazid, and Pyrazinamide Tablets- See PF Vol. 28 

No. 6, page 1865. 
Rifampin, Isoniazid, Pyrazinamide, and Ethambutol Hydro

chloride Tablets-See PF Vol. 27 No. 5, page 3041. 
Rimantadine Hydrochloride-See PF Vol. 24 No. 2, page 5927. 
Rimantadine Hydrochloride Tablets- See PF Vol. 24 No. 2, page 

5929. 
Saquinavir Capsules- See PF Vol. 27 No. 2, page 2197. 
Saw Palmetto Capsules- See PF Vol. 26 No. 6, page 1571. 
Saw Palmetto Extract- See PF Vol. 26 No. 6, page 1567. 
Scopolamine Hydrobromide- See PF Vol. 28 No. 6, page 1868. 
Sevoflurane- See PF Vol. 27 No. 3, page 2577. 
Shark Liver Oil- See PF Vol. 26 No. 6, page 1643. 
Sildenafil Citrate-See PF Vol. 24 No. 6, page 7182. 
Sildenafil Tablets- See PF Vol. 24 No. 6, page 7184. 
Sodium Bicarbonate- See PF Vol. 28 No. 5, page 1446. 
Sodium Butyrate- See PF Vol. 28 No. 6, page 1868. 
Sodium Chloride- See PF Vol. 20 No. 5, page 7991. 
Somatropin- See PF Vol. 25 No. 4, page 8540. 
Somatropin for Injection-See PF Vol. 25 No. 4, page 8551 . 
Sorbitol Solution- See PF Vol. 28 No. 3, page 787. 
Sotalol Hydrochloride-See PF Vol. 28 No. 6, page 1868. 
Sotalol Hydrochloride Tablets- See PF Vol. 27 No. I , page 1816. 
Spironolactone Oral Suspension- See PF Vol. 24 No. 2, page 

5813. 
Spironolactone and Hydrochlorothiazide Oral Suspension- See 

PF Vol. 24 No. 2, page 5814. 
Sterile, Single-Use Plastic Large-Volume Containers for Human 

Blood and Blood Components- See PF Vol. 23 No. 5, page 
4651 . 

Streptomycin Injection-See PF Vol. 28 No. I , page 86. 
Streptomycin for Injection- See PF Vol. 28 No. I, page 86. 
Streptomycin Sulfate- See PF Vol. 28 No. I, page 87. 
Sulfadimethoxine- See PF Vol. 28 No. 6, page 1871. 
Sulfadimethoxine Sodium- See PF Vol. 28 No. 6, page 1872. 
Sulfasalazine Delayed-Release Tablets- See PF Vol. 28 No. 3, 

page 788. 
Sumatriptan- See PF Vol. 27 No. 6, page 3397. 
Sumatriptan Succinate- See PF Vol. 27 No. 5, page 3157. 
Sumatriptan Nasal Spray- See PF Vol. 27 No. 6, page 3400. 
Sutilains- See PF Vol. 27 No. 2, page 2199. 
Sutilains Ointment-See PF Vol. 27 No. 2, page 2201. 
Terazosin Hydrochloride- See PF Vol. 28 No. 2, page 369. 
Terbutaline Sulfate- See PF Vol. 26 No. 3, page 752. 
Terbutaline Sulfate Inhalation Aerosol- See PF Vol. 26 No. 3, 

page 753. 
Terbutaline Sulfate Injection- See PF Vol. 26 No. 3, page 756. • 
Terbutaline Sulfate Tablets- See PF Vol. 26 No. 3, page 757. 

Theophylline Syrup--See PF Vol. 27 No. I , page 1819. 
Thyroid-See PF Vol. 28 No. 3, page 789. 
Tiamulin Fumarate-See PF Vol. 28 No. 6, page 1872. 
Tobramycin Inhalation Solution- See PF Vol. 28 No. 5, page 

1446. 
Torsemide-See PF Vol. 28 No. 2, page 382. 
Triamterene Capsules- See PF Vol. 28 No. 3, page 792. 
Trichlorfon- See PF Vol. 26 No. 6, page 1576. 
Crystallized Trypsin for Inhalation Solution- See PF Vol. 28 No. 

3, page 794. 
Unithiol- See PF Vol. 25 No. 2, page 7752. 
Urofollitropin- See PF Vol. 28 No. 6, page 1875. 
Urofollitropin for Injection- See PF Vol. 28 No. 6, page I 88 I. 
Urokinase Concentrate-See PF Vol. 24 No. 3, page 6180. 
Valproic Acid Injection- See PF Vol. 26 No. 4, page 939. 
Valsartan-See PF Vol. 28 No. 2, page 396. 
Valsartan Capsules- See PF Vol. 28 No. 2, page 399. 
Valsartan and Hydrochlorothiazide Tablets- See PF Vol. 27 No. 4, 

page 2780. 
Vancomycin-See PF Vol. 27 No. 4, page 2783. 
Vancomycin Hydrochloride-See PF Vol. 27 No. 4, page 2784. 
Vancomycin Injection- See PF Vol. 27 No. 4, page 2784. 
Vancomycin for Injection-See PF Vol. 27 No. 4, page 2785. 
Vancomycin Hydrochloride for Injection-See PF Vol. 27 No. 4, 

page 2786. 
Sterile Vancomycin Hydrochloride-See PF Vol. 27 No. 4, page 

2786. 
Vecuronium Bromide-See PF Vol. 28 No. 6, page 1886. 
Vecuronium Bromide for Injection-See PF Vol. 25 No. 4, page 

8449. 
Verteporfin- See PF Vol. 27 No. 3, page 2585. 
Verteporfin for Injection- See PF Vol. 27 No. 3, page 2587. 
Vitamin E- See PF Vol. 27 No. 5, page 3159. 
Vitamin E Capsules- See PF Vol. 28 No. 6, page 1889. 
Sterile Purified Water- See PF Vol. 28 No. 4, page 1272. 
Water for Injection- See PF Vol. 28 No. 5, page 1454. 
Water for Hemodialysis- See PF Vol. 28 No. 5, page 1610. 
Xylazine- See PF Vol. 28 No. 5, page 1454. 
Xylometazoline Hydrochloride Nasal Solution- See PF Vol. 28 

No. 3, page 795. 
Yttrium 90 lbritumomab Tiuxetan Injection- See PF Vol. 28 No. 

6, page 1890. 
Zileuton- See PF Vol. 27 No. 6, page 3335. 

EXCIPIENTS 

Excipients, USP and NF Excipients, Listed by Category- See PF 
Vol. 21 No. 5, page 1258; PF Vol. 25 No. 5, page 8887; PF 
Vol. 28 No. 4, page 1206 and 1273; PF Vol. 28 No. 3, page 
796; PF Vol. 28 No. 6, page I 891. 

GENERAL CHAPTERS 

General Tests and Assays 

General Requirements for Tests and Assays 

(I) Injections- See PF Vol. 28 No. 2, page 430; PF Vol. 28 No. 6, 
page 1910. 

( 11 ) USP Reference Standards- See PF Vol. 22 No. 6, page 3212; 
PF Vol. 23 No. 6, page 5180; PF Vol. 24 No. 5, page 6925; PF 
Vol. 25 No. 4, page 8561; PF Vol. 25 No. 5, page 8893; PF 
Vol. 25 No. 6, page 9222; PF Vol. 26 No. 1, page 218; PF Vol. 
26 No. 2, page 471 ; PF Vol. 26 No. 3, page 793; PF Vol. 26 
No. 4, page 1101; PF Vol. 26 No. 5, page 1369; PF Vol. 26 
No. 6, page 1606; PF Vol. 27 No. I, page 1832; PF Vol. 27 
No. 2, page 2268; PF Vol. 27 No. 3, page 2594; PF Vol. 27 
No. 4, page 2806; PF Vol. 27 No. 5, page 3071 ; PF Vol. 27 
No. 6, page 3348; PF Vol. 28 No. I, page 111; PF Vol. 28 No. 
2, page 433, PF Vol. 28 No. 3, page 839, PF Vol. 28 No. 4, 
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page 1224, PF Vol. 28 No. 5, page 1468; PF Vol. 28 No. 6, 
page 1913. 

Apparatus for Tests and Assays 

(41 ) Weights and Balances- See PF Vol. 26 No. 6, page 1607. 

Microbiological Tests 

(61 ) Microbial Limit Tests-See PF Vol. 27 No. 2, page 2269. 
(62) Microbiological Procedures for Absence of Objectionable 

Microorganisms- See PF Vol. 27 No. 2, page 2269. 
(71 ) Sterility Tests-See PF Vol. 26 No. 4, page 1102. 

Biological Tests and Assays 

(85) Bacterial Endotoxins Test- See PF Vol. 28 No. 2, page 435 . 

Chemical Tests and Assays 

UMIT TESTS 

(23 I) Heavy Metals- See PF Vol. 27 No. 3, page 26 I 9. 
(267) Porosimetry by Mercury Intrusion- See PF Vol. 24 No. 4, 

page 1290. 
(281 ) Residue on Ignition- See PF Vol. 28 No. I , page 129; PF 

Vol. 28 No. 6, page I 915. 

OTHER TESTS AND ASSAYS 

(311 ) Alginates Assay- See PF Vol. 26 No. 3, page 643. 
(429) Light Diffraction Measure of Particle Size- See PF Vol. 24 

No. 4, page 1293. 
(518) Solution Calorimetry- See PF Vol. 28 No. 4, page 1299. 
(581 ) Vitamin D Assay-See PF Vol. 26 No. 4, page 1111 . 

Physical Tests and Determinations 

(601 ) Aerosols, Metered-Dose lnhjalers, and Dry Powder Inha
lers- See PF Vol. 28 No. 5, page 1470. 

(621 ) Chromatography- See PF Vol. 28 No. 4, page 1227; PF Vol. 
28 No. 6, page 1916. 

(625) Clarity and Degree of Opalescence of Liquids- See PF Vol. 
26 No. 6, page 1616. 

(627) Degree of Color of Liquids- See PF Vol. 26 No. 6, page 
1617. 

643 Total Organic Carbon- See PF Vol. 28 No. 6, page 1921. 
661 Containers- See PF Vol. 28 No. 5, page 1492. 
699 Density of Solids- See PF Vol. 28 No. 2, page 603. 
730 Inductively Coupled Plasma (ICP}-See PF Vol. 28 No. 6, 

page 1922. 
{776) Optical Microscopy-See PF Vol. 28 No. 3, page 847. 
(788) Particulate Matter in Injections- See PF Vol. 28 No. 6, page 

1930. 
(789) Particulate Matter in Ophthalmic Solutions- See PF Vol. 28 

No. 5, page 1496. 
7951 Pharmacy Compounding- See PF Vol. 28 No. 2, page 458. 
811 Powder Fineness- See PF Vol. 28 No. 2, page 611 . 
846 Specific Surface Area- See PF Vol. 28 No. 2, page 612. 
905 Uniformity of Dosage Units- See PF Vol. 28 No. 5, page 

1498. 
(941) X-Ray Diffraction- See PF Vol. 28 No. 5, page 1500. 

General Information 

( l O I 0) Analytical Data- Interpretation and Treatment- See PF 
Vol. 27 No. 5, page 3086. 

(1047) Biotechnology-Derived Articles-Tests-See PF Vol. 27 
No. 2, page 2277. 

(1051) Cleaning Glass Apparatus-See PF Vol. 28 No. 5, page 
1503. 

(1072) Disinfectants and Antiseptics- See PF Vol. 28 No. I , page 
143 . 

( 107 5) Good Compounding Practices-See PF Vol. 28 No. 2 page 
640. ' 

(1078) Good Manufacturing Practices for Bulle Pharmaceutical 
Excipients- See PF Vol. 28 No. 5, page 1504. 

(1080) Bulk Pharmaceutical Excipients-Certificate of Analy
sis- See PF Vol. 28 No. 5, page 1650. 

(1089) In Vitro, Absorption-Indicating Cell Culture System- See 
PF Vol. 25 No. 5, page 8733 . 

( 1111 ) Microbiological Attributes of Nonsterile Pharmaceutical 
Products- See PF Vol. 25 No. 2, page 7785. 

( 1116) Microbiological Evaluation of Clean Rooms and Other 
Controlled Environments- See PF Vol. 25 No. 3, page 8264. 

( 1118) Monitoring Devices- Time, Temperature, and Humidity
See PF Vol. 26 No. 2, page 481. 

( 1119) Near Infrared Spectrophotometry- See PF Vol. 28 No. 6, 
page 1938. 

(1136) Packaging- Unit of Use- See PF Vol. 28 No. 4, page 
1302. 

( I 141 ) Packaging, Storage, and Distribution of Pharmacopeial Ar
ticles- See PF Vol. 26 No. 2, page 493. 

{1151 ) Pharmaceutical Dosage Forms- See PF Vol. 26 No. 2, 
page 499. 

( 1160) Pharmaceutical Calculations in Prescrition Compound-
ing- See PF Vol. 28 No. 2, page 476. 

~ 
I 172~ Photostability Testing- See PF Vol. 26 No. 2, page 384. 
1174 Powder Flow- See PF Vol. 28 No. 2, page 618. 
1175 Preformulation Guidelines-See PF Vol. 26 No. 6, page 

1672. 
( 1186) Shipping and Storage of Labile Preparations- See PF Vol. 

28 No. 2, page 495. 
(1191 ) Stability Consideration in Dispensing Practice- See PF 

Vol. 28 No. I , page 112. 
( 1195) Significant Change Guide for Bulk Pharmaceutical Excipi

ents- See PF Vol. 28 No. 5, page 1662. 
( I 198) Standardized Imprint Codes for Solid Oral Dosage 

Forms- See PF Vol. 28 No. I, page 152. 
(1206) Sterile Drug Products for Home Use-See PF Vol. 28 No. 

2, page 498. 
(1216) Tablet Friability- See PF Vol. 25 No. 1, page 7466. 
(1222) Terminally Sterilized Pharmaceutical Products- Para

metric Release- See PF Vol. 23 No. 6, page 5074. 
( 1223) Validation of Alternative Microbiological Methods- See 

PF Vol. 28 No. 1, page 154. 
(1230) Water for Health Applications- See PF Vol. 28 No. 5, page 

1672. 
( I 265) Written Prescription Drug Information- Guidelines- See 

PF Vol. 28 No. 5, page 1539. 

REAGENTS, INDICATORS, AND SOLUTIONS 

Reagent Specifications 

2-Acetamidophenol- See PF Vol. 25 No. 6, page 9107. 
Agarose-See PF Vol. 27 No. 6, page 3363 . 
Air-Nitrous Oxide Certified Standard- See PF Vol. 28 No. 4, page 

1234. 
Ammonium Pyrrolidinedithiocarbamate-See PF Vol. 27 No. 5, 

page 3115. 
Bacterial Alkaline Protease Preparation- See PF Vol. 28 No. 2, 

page 552. 
Benzil- See PF Vol. 28 No. 4, page 1305. 
Bromelain- See PF Vol. 28 No. 2, page 552. 
Bromobimane- See PF Vol 25 No. 2, page 7804. 
Branched Polymeric Sucrose-See PF Vol. 27 No. 6, page 3363. 
1,4-Butanediol- See PF Vol 25 No. 5, page 8747. 
Butyrolactone- See PF Vol. 22 No. 6, page 3248. 
dl-Camphene- See PF Vol. 28 No. 6, page 1951 . 
Capric Acid- See PF Vol 25 No. 5, page 8749. 
Cesium Chloride-See PF Vol. 28 No. 3, page 849. 
0.5 M Copper Sulfate Solution-See PF Vol. 26 No. 5, page 1382. 
Cyclohexylmethanol- See PF Vol. 28 No. 3, page 849. 
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Deoxyadenosine Triphosphate- See PF Vol. 27 No. 6, page 3364. 

Deoxycytidine Triphosphate- See PF Vol. 27 No. 6, page 3364. 

Deoxyguanosine Triphosphate- See PF Vol. 27 No. 6, page 3364. 

Deoxyribonucleic Acid Polymerase- See PF Vol. 27 No. 6, page 

3365. 
Deoxythymidine Triphosphate- See PF Vol. 27 No. 6, page 3365. 

Dibutylammonium Phosphate- See PF Vol. 26 No. 4, page 1132. 

Dicyclohexyl- See PF Vol. 28 No. 3, page 849. 
Dicyclohexyl Phthalate- See PF Vol. 26 No. 2, page 504. 

Diethylpyrocarbonate- See PF Vol. 27 No. 6, page 3365 . 

Diisobutylene-See PF Vol. 28 No. 4, page 1305. 
I ,2-Dilinoleoyl-3-oleoyl-rac-glycerol- See PF Vol. 28 No. 3, page 

849. 
1,2-Dilinoleoyl-3-palmitoyl-rac-gl ycerol- See PF Vol. 28 No. 3, 

page 849. 
N,N-Dimethyldodecylamine-N-oxide-See PF Vol. 27 No. 4, page 

2837. 
2,5-Dimethylphenol- See PF Vol. 27 No. 6, page 3364. 
3-( 4,5-Dimethylthiazol-2-yl)-2,5-diphenyl Tetrazolium Bro

mide- See PF Vol. 27 No. 6, page 3365. 
Dioleoylglycerol- See PF Vol. 26 No. 6, page 1622. 
1,2-Dioleoyl-3-linoleoyl-rac-glycerol- See PF Vol. 28 No. 3, page 

849. 
Disodium Arsenate-See PF Vol. 28 No. 4, page 1305. 
Dodecyl Sodium Sulfate- See PF Vol. 28 No. 5, page 1234. 

Escin- See PF Vol. 27 No. 4, page 2837. 
17ix-Estradiol- See PF Vol. 27 No. 2, page 2278. 
Ethidium Bromide- See PF Vol. 27 No. 6, page 3366. 
Ethylbenzene- See PF Vol. 28 No. 3, page 850. 
Ferulic Acid- See PF Vol. 28 No. 6, page 1951. 
9-Fluorenylmethyl Chloroformate- See PF Vol. 25 No. 5, page 

8916. 
Formamide, Anhydrous- See PF Vol. 27 No. 5, page 3115. 
Gallic Acid- See PF Vol. 28 No. 4, page 1234. 
Glucose- See PF Vol. 28 No. 3, page 850. 
L-Glutamic Acid- See PF Vol. 27 No. 6, page 3366. 
L-Glutamine- See PF Vol. 27 No. 6, page 3366. 
Guanidine lsothiocyanate- See PF Vol. 27 No. 6, page 3366. 

Heptafluorobutyric Acid- See PF Vol. 26 No. 4, page 1132. 
Hexadecane- See PF Vol. 28 No. 4, page 1305. 
Hexamethylenetetramine- See PF Vol. 28 No. 3, page 850. 
L-Histidine Hydrochloride Monohydrate- See PF Vol. 27 No. 6, 

page 3366. 
Homatropine Hydrobromide-See PF Vol. 28 No. 4, page 1305. 

Hydrocodone Dial- See PF Vol. 28 No. 4, page 1306. 
Hypoxanthine-See PF Vol. 27 No. 6, page 3367. 
lodoethane- See PF Vol. 24 No. 6, page 7327. 
lsoferulic Acid- See PF Vol. 27 No. 4, page 2837. 
lsomaltotriose-See PF Vol. 28 No. 6, page 1952. 
2-Isopropylphenol- See PF Vol. 27 No. 4, p2ge 2838. 
Lanthanum Oxide- See PF Vol. 28 No. 3, page 851. 
Linoleic Acid- See PF Vol. 27 No. 6, page 3367. 
ix-Lipoic Acid- See PF Vol. 27 No. 6, page 3367. 
2-Methyl-5-nitroimidazole- See PF Vol. 25 No. 2, page 7804. 

3-Methyl-2-benzothiazolinone Hydrazone Hydrochloride- See 
PF Vol. 25 No. 3, page 8280. 

Monooleoylglycerol- See PF Vol. 26 No. 6, page 1622. 
1-Naphthylamine- See PF Vol. 27 No. 5, page 3116. 
Nickel(II) Sulfate Heptahydrate- See PF Vol. 27 No. 5, page 3116. 

Ninhydrin-See PF Vol. 28 No. 3, page 851 . 
Nitric Acid, Lead-Free- See PF Vol. 28 No. 3, page 851. 

Nonylphenol Polyoxyethylene Ether- See PF Vol. 27 No. 6, page 
3368. 

Oligo-deoxythymidine- See PF Vol. 27 No. 6, page 3368. 

I-Palmitoyl-2-oleoyl-3-linoleoyl-rac-glycerol- See PF Vol. 28 

No. 3, page 851. 
Pentadecanoic Acid Methyl Ester- See PF Vol. 26 No. 6, page 

1622. 
o-Phenanthroline Monohydrochloride Monohydrate-See PF Vol. 

27 No. I, page 1904. 
Phenol Red, Sodium- See PF Vol. 27 No. 6, page 3368. 

Polyoxyethylene (20) Sorbitan Monolaurate- See PF Vol. 27 No. 

6, page 3368. 
Protocatechuic Acid- See PF Vol. 28 No. 6, page 1952. 
Putrescine Dihydrochloride- See PF Vol. 27 No. 6, page 3369. 

Pyruvic Acid-See PF Vol. 28 No. 5, page 1542. 
Reverse Transcriptase- See PF Vol. 27 No. 6, page 3369. 

Ribonuclease Inhibitor- See PF Vol. 27 No. 6, page 3369. 
Sodium Iodate-See PF Vol. 27 No. 6, page 3369. 
Sodium Laury! Sulfate-See PF Vol. 28 No. 4, page 1234. 

Tetrahydro-2-furancarboxylic Acid- See PF Vol. 25 No. 5, page 

8748. 
N-(2-Tetrahydrofuroyl)piperazine- See PF Vol. 25 No. 5, page 

8748. 
I, 1,4,4-Tetraphenyl-1,3-butadiene- See PF Vol. 26 No. 6, page 

1623. 
Thymidine-See PF Vol. 27 No. 6, page 3369. 
Triketohydrindene Hydrate- See PF Vol. 28 No. 3, page 852. 

Trioleoylglycerol- See PF Vol. 26 No. 6, page 1623. 
Tropine- See PF Vol. 28 No. 4, page 1306. 
L-Tyrosine Disodium- See PF Vol. 27 No. 6, page 3370. 

Uridine- See PF Vol. 28 No. 4, page 1234. 
Vinyl Acetate-See PF Vol. 21 No. 2, page 466. 
2-Vinylpyridine- See PF Vol. 26 No. 2, page 504. 
l-Vinyl-2-pyrrolidone- See PF Vol. 22 No. 6, page 3249. 

Water- See PF Vol. 28 No. 4, page 1233 
m-Xylene- See PF Vol. 28 No. 6, page 1952. 
Zinc Sulfate Heptahydrate-See PF Vol. 26 No. 2, page 504. 

Indicator Test Papers 

Methyl Green- See PF Vol. 28 No. 4, page I 306. 
Methyl Green- Iodomercurate Paper- See PF Vol. 28 No. 4, page 

1306. 
Nickel Standard Solution TS- See PF Vol. 27 No. 5, page 3117. 

Ninhydrin TS- See PF Vol. 28 No. 3, page 852. 
Perchloric Acid TS- See PF Vol. 27 No. I, page 1905. 

Test Solutions 

Cupric Citrate TS- See PF Vol. 27 No. 5, page 3117. 
Ferroin TS- See PF Vol. 27 No. I, page 1905. 
Gelatin TS- See PF Vol. 28 No. 4, page 1235. 
Nickel Standard Solution TS- See PF Vol. 27 No. 5, page 3117. 

Ninhydrin TS- See PF Vol. 28 No. 3, page 852. 
Perchloric Acid TS- See PF Vol. 27 No. 1, page 1905. 
Triketohydrindene Hydrate TS- See PF Vol. 28 No. 3, page 852. 

Volumetric Solutions 

Hydrochloric Acid, Alcoholic, Tenth-Molar (0.1 M}--See PF Vol. 

28 No. 4, page 1235. 
Potassium Hydroxide, Alcoholic, Tenth Molar (0.1 M}--See PF 

Vol. 28 No. 4, page 1235. 
Tetrabutylammonium hydroxide in methanol/isopropyl alcohol, 

0.1 N- See PF Vol. 28 No. 4, page 1307. 

Reagent Footnotes 

Footnote 85- See PF Vol. 26 No. 4, page 1133. 
Footnote 87- See PF Vol. 26 No. 5, page 1383. 
Footnote 99- See PF Vol. 27 No. 6, page 3374. 
Footnote 100- See PF Vol. 27 No. 6, page 3374. 
Footnote IOI - See PF Vol. 27 No. 6, page 3374. 
Footnote 102- See PF Vol. 27 No. 6, page 3374. 
Footnote I 03- See PF Vol. 28 No. 2, page 554. 
Footnote 104-See PF Vol. 28 No. 2, page 554. 
Footnote 105- See PF Vol. 28 No. 6, page 1952. 

REFERENCE TABLES 

Container Specifications for Capsules and Tablets- See PF Vol. 25 

No. 5, page 8860 and page 8917; PF Vol. 25 No. 6, page 

9176; PF Vol. 26 No. I, page 145 and page 198; PF Vol. 26 
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No. 3, page 836; PF Vol. 26 No. 4, page 1133 ; PF Vol. 26 No. 
5, page 1384; PF Vol. 27 No. I, page 1906; PF Vol. 27 No. 5, 
page 3118; PF Vol. 28 No. I, page 115; PF Vol. 28 No . 3, page 
852; PF Vol. 28 No. 4, page 1236; and PF Vol. 28 No. 6, page 
1953 . 

Description and Relative Solubility of USP and NF Articles- See 
PF Vol. 21 No. 5, page 1250; PF Vol. 23 No . 6, page 531 O; PF 
Vol. 24 No. 5, page 7017; PF Vol. 25 No. 3, page 8282; PF 
Vol. 25 No. 4, page 8589; PF Vol. 25 No. 5, page 89 I 7; PF 
Vol. 25 No. 6, page 9254; PF Vol. 26 No. 2, page 504 and 505; 
PF Vol. 26 No. 3, page 837; PF Vol. 26 No. 4, page I 135; PF 
Vol. 26 No. 5, page 1385; PF Vol. 26 No. 6, page 1623 ; PF 
Vol. 27 No. I, page 1907; PF Vol. 27 No. 2, page 2281 ; PF 
Vol. 27 No. 4, page 2839; PF Vol. 27 No. 5, page 3120; PF 
Vol. 27 No. 6, page 3374; PF Vol. 28 No. 2, page 554, PF Vol. 
28 No. 3, page 853, PF Vol. 28 No. 4, page 1236, PF Vol. 28 
No. 5, page 1542; and PF Vol. 28 No. 6, page 1953 . 

GENERAL NOTICES AND REQUIREMENTS 

"Official " and "Official Articles"-See PF Vol. 28 No. I , page 
88 . 

NF MONOGRAPHS 

Alfadex- See PF Vol. 28 No. 5, page 1611. 
Amminio Methacrylate Copolymer Dispersion- See PF Vol. 28 

No. 2, page 628. 
Aspartame Acesulfame- See PF Vol. 28 No. 5, page 16 I 3. 
Butylparaben- See PF Vol. 28 No. 2, page 572. 
Caprylocaproyl Macrogolglycerides- See PF Vol. 26 No. 2, page 

448. 
Carboxymethylcellulose Calcium- See PF Vol. 23 No . 6, page 

5063 . 
Low-Substituted Carboxymethylcellulose Sodium- See PF Vol. 

28 No. 5, page 1617 . 
Carboxymethylcellulose Sodium Suspension- See PF Vol. 25 No. 

3, page 8088. 
Cellulose Acetate Butyrate- See PF Vol. 25 No. 2, page 7861. 
Microcrystalline Cellulose- See PF Vol. 28 No. 6, page 1893 . 
Chondroitin Sulfate Tablets- See PF Vol. 27 No. 5, page 3063. 
Black Cohosh- See PF Vol. 28 No. 5, page 1455. 
Powdered Black Cohosh- See PF Vol. 28 No. 5, page 1460. 
Powdered Black Cohosh Extract- See PF Vol. 28 No. 5, page 

1461. 
Black Cohosh Tablets- See PF Vol. 28 No. 5, page 1462. 

Copovidone- See PF Vol. 24 No . 5, page 6891 . 
Coriander Oil- See PF Vol. 28 No. 5, page 1464. 
Com Syrup-See PF Vol. 28 o. 2, page 403 . 
Com Syrup Solids- See PF Vol. 28 o. 6, page 1894. 
High Fructose Com Syrup-See PF Vol. 28 No. 2, page 408. 
Croscarmellose Sodium- See PF Vol. 23 No. 3, page 4007 . 
Crospovidone- See PF Vol. 24 No. I, page 5482. 
Dibutyl Phthalate- See PF Vol. 28 No. 5, page 1619. 
Diethylene Glycol Monostearate- See PF Vol. 28 No . 5, page 

1621 . 
Dimethicone-See PF Vol. 28 No. 3, page 813. 
Docosahexaenoic Acid- See PF Vol. 26 No . 6, page 1648. 
Docosahexaenoic Acid Capsules- See PF Vol. 26 No . 6, page 

1651 . 
Docosahexaenoic Acid Oil- See PF Vol. 26 No. 6, page 1652. 
Eleuthero- See PF Vol. 26 No. 6, page 1596. 
Ethylene Glycol Monostearate- See PF Vol. 28 No. 5, page 1622. 
E~ylparaben- See PF Vol. 28 No. 2, page 574. 
Ginger Capsules- See PF Vol. 28 No. 3, page 814. 
Powdered Ginkgo Extract- See PF Vol. 27 No. 2, page 2233. 
Ginkgo Capsules- See PF Vol. 27 No. 2, page 2238. 
Ginkgo Tablets-See PF Vol. 27 No. 2, page 2240. 
American Ginseng- See PF Vol. 27 No. 2, page 2243 . 
Powdered American Ginseng- See PF Vol. 27 No. 2, page 2247 . 
Asian Ginseng Capsules- See PF Vol. 26 No. 3, page 775. 

Glucosamine and Chondroitin Sulfate Tablets- See PF Vol. 28 No. 
6, page 1896. 

Glyceryl Distearate- See PF Vol. 28 No. 5, page 1624. 
Glyceryl Monolinoleate- See PF Vol. 28 No. 5, page 1627. 
Glyceryl Monooleate-See PF Vol. 28 No. 5, page 1629. 
Goldenseal- See PF Vol. 27 No. 2, page 2255. 
Powdered Hawthorn Leaf with Flower- See PF Vol. 26 No. 5, 

page 1362. 
Horse Chestnut- See PF Vol. 28 No. 3, page 797. 
Powdered Horse Chestnut- See PF Vol. 28 No. 3, page 799. 
Powdered Horse Chestnut Extract- See PF Vol. 28 No . 3, page 

800. 
Hydrogenated Soybean Oil- See PF Vol. 28 No. 5, page I 63 I. 
Hymetellose- See PF Vol. 28 No. 5, page 1633. 
Hypromellose Acetate Succinate- See PF Vol. 28 No . 5, page 

1635 . 
Kava- See PF Vol. 28 No. I, page I 00. 
Powdered Kava- See PF Vol. 28 No. I, page 104. 
Powdered Kava Extract- See PF Vol. 28 No. 3, page 815. 
Semisolid Kava Extract- See PF Vol. 28 No. 3, page 817. 
Kava Capsules- See PF Vol. 28 No. 3, page 818. 
Kava Tablets- See PF Vol. 28 No. 3, page 820. 
Lauroyl Macrogolglycerides- See PF Vol. 26 No. 2, page 456. 
Lemon Tincture- See PF Vol. 28 No. 5, page 1464. 
Licorice- See PF Vol. 26 No. 5, page 1363. 
Powdered Licorice Extract- See PF Vol. 26 No. 5, page 1365. 
Linoleoyl Macrogolglycerides- See PF Vol. 26 No. 2, page 457 . 
c:t-Lipoic Acid Capsules- See PF Vol. 28 No. 3, page 822. 
c:t-Lipoic Acid Tablets- See PF Vol. 28 No . 3, page 824. 
Lutein- See PF Vol. 28 No. 2, page 632. 
Lutein Preparation- See PF Vol. 28 No. 2, page 634. 
Maltitol Solution- See PF Vol. 28 No. 3, page 824. 
Maltose- See PF Vol. 28 No. 5, page 1465. 
Methylparaben- See PF Vol. 28 No. 52 page 575. 
Monosodium Glutamate- See PF Vol. 28 No. 3, page 826. 
Myristyl Alcohol- See PF Vol. 28 No. 2, page 424. 
Nettles- See PF Vol. 28 No. I, page I 05. 
Powdered Nettles- See PF Vol. 28 No. I, page 108. 
Powdered Nettles Extract- See PF Vol. 28 No. I , page 109. 
Oleic Acid- See PF Vol. 28 No. 6, page 1898. 
Oleoyl Macrogolglycerides- See PF Vol. 26 No. 2, page 459. 
Compound Orange Spirit- See PF Vol. 28 No. 5, page 1466. 
Phenolsulfonphthalein- See PF Vol. 28 No. 6, page 1899. 
2-Phenoxyethanol- See PF Vol. 28 No. 6, page 1900. 
Maritime Pine- See PF Vol. 28 No. 6, page 1903. 
Maritime Pine Extract- See PF Vol. 28 No. 6, page 1905 . 
Polyethylene Glycol- See PF Vol. 28 No. 6, page 1908. 
Vitamin E Polyethylene Glycol Succinate- See PF Vol. 28 No. 6, 

page 1909. 
Propylparaben- See PF Vol. 28 No. 2, page 581. 
Polyoxyl Laury! Ether- See PF Vol. 28 No. 5, page 1640. 
Polyoxyl Oleate-See PF Vol. 28 No. 5, page 1641. 
Polyoxyl Stearyl Ether- See PF Vol. 28 No. 5, page 1642. 
Red Clover- See PF Vol. 28 No. 3, page 807. 
Powdered Red Clover- See PF Vol. 28 No. 3, page 810. 
Powdered Red Clover Extract- See PF Vol. 28 No. 3, page 811 . 
Red Clover Tablets- See PF Vol. 28 No. 3, page 812. 
Saw Palmetto Extract- See PF Vol. 28 No. 3, page 827. 
Sesame Oil- See PF Vol. 28 No. 3, page 832. 
Sorbitol- See PF Vol. 28 No. 3, page 833 . 
Sorbitol Solution- See PF Vol. 28 No. 3, page 787 . 
Noncrystallizing Sorbitol Solution- See PF Vol. 28 No. 3, page 

835. 
Starch- See PF Vol. 28 No. 3, page 837. 
Modified Starch- See PF Vol. 27 No. 3, page 2629. 
Pregelatinized Modified Starch-See PF Vol. 27 No. 3, page 2630. 
Tapioca Starch- See PF Vol. 28 No. 3, page 838. 
Purified Stearic Acid- See PF Vol. 28 No. 3, page 839. 
Stearoyl Macrogolglycerides- See PF Vol. 26 No. 2, page 467. 
Sunflower Oil- See PF Vol. 27 No. 4, page 2803. 
Tobramycin Inhalation Solution- See PF Vol. 28 No. 3, page 789 . 
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Tolu Balsam Syrup-See PF Vol. 28 No. 5, page 1467. 
Tolu Balsam Tincture-See PF Vol. 28 No. 5, page 1468. 
Medium-Chain Triglycerides-See PF Vol. 28 No. 5, page 1645. 
Valerian Capsules- See PF Vol. 27 No. I, page 1825. 
Chaste Tree-See PF Vol. 28 No. 1, page 139. 
Powdered Chaste Tree- See PF Vol. 28 No. I , page 142. 

NUTRITIONAL SUPPLEMENTS 

MONOGRAPHS 

Minerals Capsules- See PF Vol. 28 No. 5, page 1543. 
Minerals Tablets- See PF Vol. 28 No. 5, page 1543. 
Oil- and Water-Soluble Vitamins Tablets-See PF Vol. 28 No. 5, 
page 1544. 
Oil- and Water-Soluble Vitamins with Minerals Capsules- See PF 
Vol. 28 No. 5, page I 544. 
Oil- and Water-Soluble Vitamins with Minerals Tablets- See PF 
Vol. 28 No. 5, page 1545. 
Oil-Soluble Vitamins Tablets-See PF Vol. 28 No. 5, page 1547. 
Water-Soluble Vitamins with Minerals Capsules- See PF Vol. 28 
No. 5, page 1547. 

Water-Soluble Vitamins with Minerals Tablets- See PF Vol. 28 
No. 5, page I 548. 

NUTRITIONAL SUPPLEMENTS 

GENERAL CHAPTERS 

(2021 ) Microbial Limit Testsa Nutritional Supplements- See PF 
Vol. 25 No. 5, page 8748. 
(2022) Microbiological Procedures for Absence of Objectionable 
Microorganisms in Nutritional and Dietary Articles- See PF Vol. 
25 No. 5, page 8761. 
(2023) Microbiological Attributes of Nonsterile Nutritional and 
Dietary Articles- See PF Vol. 25 No. 5, page 8770. 
(2040) Disintegration and Dissolution of Nutritional Supple
ments-See PF Vol. 28 No. 5, page 1673. 
(2091 ) Uniformity of Dietary Supplement Intake Units- See PF 
Vol. 28 No. 5, page I 549. 
(2750) Manufacturing Practices for Nutritional Supplements-See 
PF Vol. 28 No. 2, page 534. 
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Proposed Revisions and New Text Previously Presented in PF but Now Canceled 
(Canceled proposals may be republished at any time in a future number of Pharmacopeial Forum.) 

[PF 29(1)-PF 29(6)) 

Title and Proposal 

General Notices 
tPreservation, Packaging, Storage, and Labeling 
USP Monograohs 
tPerflutren Protein-Type A Microspheres for Injection 

[Fonner title: Albumin Encapsulated Octafluoropropane 
Microspheres for Injection] (new) 

tCabergoline (new) 
tCabergoline Tablets (new) 
tCarboxymethylcellulose Sodium (new) 
tCefaclor Extended-Release Tablets - Drug release 

(subsections Test I , 2) 
tDesonide (new) 
tDesonide Cream (new) 
tDesonide Ointment (new) 
tEnalaprilat Injection (new) 
tEnoxaparin Sodium (new) 
tEnoxaparin Sodium Injection (new) 
tEpinephryl Borate Ophthalmic Solution- USP 

Reference standards, Assay 
tGabapentin (new) 
tHydroxypropyl Methylcellulose- Harmonization (new) 
tMethylcellulose-Harmonization (new) 
tMontelukast Sodium (new) 
tMontelukast Sodium Tablets (new) 
tMorphine Sulfate Extended-Release Capsules (new) 
tPovidone (entire submission) 
tSertraline Hydrochloride (new) 
tSertraline Hydrochloride Tablets (new) 
tSulindac- Chromatographic purity 
tSulindac Tablets 
tSunflower Oil- Briefing 
tTitanium Dioxide (new) 
tSterile Water for Injection- pH, Other requirements 
tPurified Water- Definition 
USP General Test Chapters 
t(I) Injections- Foreign Matter and Particles 

(subsection Particulate Matter) 
t(l 1) USP Reference Standards 

USP Povidone RS 
t(661 ) Containers-Polypropylene Containers (added) 
t (786} Particle Size Distribution Estimation by 

Analytical Sieving- Harmonization 
USP General Information Chapters 
t(I0I0} Analytical Data- Interpretation and Treatment 
NF Monographs 
t Benzyl Alcohol (entire submissions) 
tCellulose Acetate 
tDimethicone- Bacteria/ endotoxins 
tHydroxyethyl Cellulose (entire submission) 
tHydroxypropyl Beta Cyclodextrin (new) 
tSilicon Dioxide (entire submission) 
tColloidal Silicon Dioxide- Harmonization 
tSodium Starch Glycolate (entire submission) 
tRice Starch (new) 
tStearic Acid- Harmonization 

tSucrose (entire submission) 

tNew cancellations in 29(1 ). 

Vol 

26 

27 

24 
24 
26 
27 

22 
22 
22 
19 
22 
22 
23 

27 
24 
24 
24 
24 
25 
22 
24 
24 
25 
25 
27 
24 
27 
27 

28 

20 

26 
25 

27 

27 
23 
28 
20 
24 
24 
24 
22 
23 
20 
28 
22 

PF Volume, Issue, and Page Numbers of Canceled Proposals 
No. Page(s) 

3 653 

4 2769 

6 7141 
6 7142 
5 1403 
2 2126 

3 2275 
3 2276 
3 2277 
4 5587 
6 3031 
6 3038 
3 3991 

5 3004 
5 6726 
5 6737 
6 7160 
6 7162 
4 8426 
6 3163 
6 7179 
6 7181 
5 8879 
5 8880 
4 2779 
2 5796 
4 2787 
5 3057 

2 430 

5 8060 

4 1117 
1 7460 

5 3086-3100 

4 2790, 2855 
5 4677 
3 813 
6 8311 
6 7284 
6 7191 
6 7187, 7194 
6 3202 
4 4348 
6 8313 
2 583 
6 3206 
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HARMONIZATION 
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group (PDG). 
The PDG consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese Pharma
copoeia (JP). The process of harmonization is composed of several steps (Stages). 

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for each 
item. The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization may be car
ried out retrospectively for existing monographs or chapters, or prospectively for new monographs or chapters. 

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the preparation of 
a Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and including validation 
data where appropriate. This report is based on input that comes from users, authorities, producers, associations, literature, 
experts, and staff. 

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordinating 
pharmacopeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two participating 
pharmacopeias. 

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears as 
OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and 
submits the consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a har
monized Stage 5A draft, and sends it to the other two participating pharmacopeias. 

Stage 5: Consensus 

A. Provisional 

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a 
CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia. 

B. Final 

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating 
pharmacopeias for final approval. 

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure. 
Adopted items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of their 
Phannacopeias. 

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the particular 
region. 



PHARMACOPEIAL PREVIEWS 

This section contains potential revisions not yet targeted for official adoption. These may include drafts for new monographs 

or chapters; drafts for standards that would require new or unusual technology; drafts for which more data are required; or 

changes that would affect numerous monographs, thus having a broad impact on individual products. Readers should review 

the drafts in this section and provide comments to the appropriate staff liaison whose name is cited in the Briefing (use the 

Staff Directory to find the contact information). 

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

BRIEFING 

Name of Item, citations of the most recent USP publications in which this item appeared. Rationale for the 

revision. Other relevant information. (For example, if a chromatographic method is being used, column spe

cifications and retention times for compounds of interest.) Finally, the Committee designation (see How To Use 

PF), the name of the scientific staff liaison who handled this item, and USP tracking correspondence number, 

as shown in the example below: 

(PAS: K. Russo) RTS-55678-1 

Symbols No symbols are used in this section, as Previews are not yet targeted for official adoption. 
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MONOGRAPHS (USP) 

BRIEFING 

Diclofenac Sodium Extended-Release Tablets. Because there 

is no existing USP monograph for this dosage fonn, a new mono

graph is being previewed. The liquid chromatographic procedure 

in the Assay is based on analyses performed with the 5-µm Sym

metry brand of LI column. The typical retention times of diclofe

nac related compound A and diclofenac sodium peaks observed in 

the chromatogram of the System suitability solution are about 9 

minutes and 10 minutes, respectively. 

(PA2: J. Kelly) RTS- 37957-1 

Add the following: 

Diclofenac Sodium Extended-Release 

Tablets 

» Diclofenac Sodium Extended-Release Tablets 

contain not less than 90.0 percent and not more 

than 110.0 percent of the labeled amount of diclo

fenac sodium (C14H10ChNNa02). 

Packaging and storage-Preserve in well-closed con

tainers. Store at controlled room temperature, and protect 

from light. 

USP Reference standards ( 11 )-USP Diclofenac Sodium 

RS. USP Diclofenac Related Compound A RS. 

Identification-

A: The retention time of the major peak in the chroma

togram of the Assay preparation corresponds to that of the 

Standard preparation , as obtained in the Assay. 

B: Thin-Layer Chromatographic Identification Test 

(201 )-

Solvent system: methanol, toluene , glacial acetic acid 

(40:60 :0.5). 

Test solution-Finely powder not fewer than 10 Tablets. 

Accurately weigh a portion of the powder, equivalent to 

about 50 mg of diclofenac sodium, and transfer to a 25-

mL volumetric flask. Add about 15 mL of methanol, soni

cate for 10 minutes, shake by mechanical means for 10 min

utes, dilute with methanol to volume, and mix. Centrifuge 

this solution, and use the clear supernatant as the Test solu

tion. 

Standard solution-Accurately weigh about 50 mg of 

USP Diclofenac Sodium RS into a 25-mL volumetric flask. 

Add 10 mL of methanol, shake by mechanical means for 10 

minutes, dilute with methanol to volume, and mix. 

Drug release (724)-[To come.] 

Uniformity of dosage units (905): meet the requirements . 

Assay- [NOTE-Protect the Assay preparation, Standard 

preparation, and System suitability solution from light.] 

Diluent: a mixture of acetonitrile and water (43 :57). 

0. 05 M Monobasic potassium phosphate buffer-Dis

solve 6.8 g of monobasic potassium phosphate in 950 mL 

of water, adjust with dilute phosphoric acid or dilute potas

sium hydroxide solution to a pH of 4.0 ± 0.05, dilute with 

water to I liter, and mix. 

Mobile phase- Prepare a filtered and degassed mixture of 

acetonitrile, 0. 05 M Monobasic potassium phosphate buffer, 

and tetrahydrofuran (43:57:2). Make adjustments if neces

sary (see System Suitability under Chromatography (621 )). 

Diclofenac related compound A solution-Dissolve an 

accurately weighed quantity of USP Diclofenac Related 

Compound A RS in Diluent, and quantitatively dilute with 

Diluent to obtain a solution having a known concentration 

of about 200 µg per mL. 

Standard preparation-Dissolve an accurately weighed 

quantity of USP Diclofenac Sodium RS in Diluent, and 

quantitatively dilute with Diluent to obtain a solution having 

a known concentration of about 200 µg per mL. 

-~ 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 



320 PHARMACOPEIAL PREVIEWS 
Pharmacopeial Forum 

Vol. 29(1) [Jan.-Feb. 2003] 

System suitability solution-Transfer 10 mL of the Stan

dard preparation and 5 mL of Diclofenac related compound 

A solution to a 20-mL volumetric flask . Dilute with Diluent 

to volume, and mix. 

Assay preparation-Powder not fewer than 20 Tablets, 

and transfer an accurately weighed portion of the powder, 

equivalent to about 100 mg of diclofenac sodium, to a 

100-mL volumetric flask, add about 50 mL of Diluent, son

icate for about 15 minutes, then shake by mechanical means 

for 15 minutes. Add a few drops of methanol to remove the 

foam, dilute with Diluent to volume, and mix. Transfer 10.0 

mL of the supernatant to a 50-mL volumetric flask , dilute 

with Diluent to volume, and mix. 

Chromatographic system (see Chromatography ( 621 ) )

The liquid chromatograph is equipped with a 254-nm detec

tor and a 4.6-mm x 15-cm column that contains 5-µm 

packing L1 . The flow rate is about 1.5 mL per minute. Inject 

40 µL and chromatograph the System suitability solution, 

and record the peak responses as directed for Procedure: 

the relative retention times are about 0.9 for diclofenac re

lated compound A and 1.0 for diclofenac; and the reso

lution, R, between the diclofenac peak and the diclofenac 

related compound A peak is not less than 2.0. Inject 20 

µL and chromatograph the Standard preparation, and re

cord the peak responses as directed for Procedure: the tail

ing factor of the diclofenac peak is not more than 2.0; and 

the relative standard deviation of the diclofenac peak for 

replicate injections is not more than 2.0%. 

Procedure-Separately inject equal volumes (about 20 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the area responses for the major peaks. Calculate 

the quantity, in mg, of diclofenac sodium (C 14H 10Cl2Na 

NO2) in the portion of Tablets taken by the formula: 

500C(rul rs), 

in which C is the concentration, in mg per mL, of USP Di

clofenac Sodium RS in the Standard preparation; and ru 

and rs are the diclofenac peak responses obtained from the 

Assay preparation and the Standard preparation, respec

tively. 

BRJEFING 

Etodolac Extended-Release Tablets, page 1996 of PF 28(6) 
[Nov.- Dec. 2002]. It is proposed to add a Drug release test to this 
new previewed monograph. 

(BPC: M . Marques; PA2 : J. Kelly) RTS- 36382-2 

Add the following: 

Etodolac Extended-Release Tablets 

» Etodolac Extended-Release Tablets contain not 

less than 90.0 percent and not more than 110.0 

percent of the labeled amount of etodolac 

(C17H21NO3). 

Packaging and storage-Preserve in well-closed con

tainers . Store at controlled room temperature, protected 

from light. 

USP Reference standards ( 11 )-USP Etodolac RS. USP 

Etodolac Related Compound A RS. 

Identification- The retention time of the major peak in the 

chromatogram of the Assay preparation corresponds to that 

of the Standard preparation, as obtained in the Assay. 

Dissalutiae (+H): [Tu eeffle.] 

Drug release (724)-

Medium: 0.05 M phosphate buffer, pH 7.4; 1000 mL. 

Apparatus 2: 75 rpm, with sinker. 
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Times: 3, 6, 10, and 16 hours. 

Procedure-Determine the amount of C17H21NO3 dis

solved by employing UV absorption at the wavelength of 

maximum absorbance at about 279 nm on filtered portions 

of the solution under test, suitably diluted with DitH1Bl1,1tiBH 

Medium, if necessary, in comparison with a Standard solu

tion having a known concentration of USP Etodolac RS in 

the same Medium. Use DiS!JBhttiB11 Medium as the blank. 

Tolerances-The percentages of the labeled amount of 

C17H21NO3 dissolved at the times specified conform to Ac

ceptance Table 1. 

Time (hours) 

3 

6 

10 

16 

Amount dissolved 

between 15 % and 40% 

between 35% and 70% 

between 60% and 95% 

not less than 80% 

Uniformity of dosage units (905): meet the requirements. 

Chromatographic purity-

Diluent, Mobile phase, and System suitability solution

Proceed as directed in the Assay. 

Test solution-Use the Assay preparation as prepared in 

the Assay. 

Chromatographic system-Prepare as directed in the As

say. Chromatograph the System suitability solution, and re

cord the peak responses as directed for Procedure: the 

relative retention times are about 0.8 for etodolac related 

compound A and 1.0 for etodolac; the resolution, R, be

tween etodolac related compound A and etodolac is not less 

than 2.5; and the relative standard deviation for replicate in

jections is not more than 2.0%. 

Procedure-Inject a volume (about 10 µL) of the Test 

solution into the chromatograph, record the chromatogram, 

and measure all of the peak areas. Calculate the percentage 

of each impurity in the portion of Tablets taken by the for

mula: 

1 00(r; I r,), 

in which r; is the peak area for each impurity; and r, is the 

sum of the areas of all the peaks: not more than 0.2% of any 

individual impurity is found; and not more 0.75% of total 

impurities is found. 

Assay-

Diluent: acetonitrile. 

Mobile phase- Prepare a filtered and degassed mixture of 

acetonitrile, water, and phosphoric acid (500:500:0.25). 

Make adjustments ifnecessary (see System Suitability under 

Chromatography ( 621) ). 

System suitability solution-Dissolve accurately weighed 

quantities of USP Etodolac RS and USP Etodolac Related 

Compound A RS in Diluent, and quantitatively dilute with 

Diluent to obtain a solution having known concentrations of 

about 0.48 mg per mL and 0.05 mg per mL, respectively. 

Standard preparation-Dissolve an accurately weighed 

quantity of USP Etodolac RS in Diluent, and quantitatively 

dilute with Diluent to obtain a solution having a known con

centration of about 0.6 mg per mL. 

Assay preparation- [NOTE- Do not finely powder 

Tablets.] Weigh and powder not fewer than 20 Tablets, 

and transfer an accurately weighed portion of the powder, 

equivalent to about 600 mg of etodolac, to a 200-mL volu

metric flask. Add about 100 mL of Diluent, mix, and then 

shake for 40 minutes by mechanical means. Dilute with Dil

uent to volume, and mix. Pass through a filter having a 0.45-

µm porosity, discarding the first 3 mL of the filtrate . Transfer 

2.0 mL of the filtrate to a 10-mL volumetric flask, dilute 

with Diluent to volume, and mix. 
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Chromatographic system (see Chromatography (621 ))

The liquid chromatograph is equipped with a 274-nm detec

tor, a 4 .0-mm x 4.0-cm guard column that contains 5-µm 

packing LI , and a 4.0-mm x 25-cm column that contains 5-

µm packing LI. The flow rate is about 1 mL per minute . 

Chromatograph the System suitability solution, and record 

the peak responses as directed for Procedure: the relative 

retention times are about 0.8 for etodolac related compound 

A and 1.0 for etodolac; the resolution, R, between etodolac 

related compound A and etodolac is not less than 2.5; and 

the tailing factor is not more than 2.0. Chromatograph the 

Standard preparation, and record the peak responses as di

rected for Procedure: the relative standard deviation for rep-

1 icate injections is not more than 2.0%. 

Procedure-Separately inject equal volumes (about 10 

µL) of the Standard preparation and the Assay preparation 

into the chromatograph, record the chromatograms, and 

measure the responses for the major peaks. Calculate the 

quantity, in mg, of etodolac (C 17H21N03) in the portion of 

Tablets taken by the formula: 

1 000C(ru l rs), 

in which C is the concentration, in mg per mL, of USP Eto

dolac RS in the Standard preparation; and ru and rs are the 

peak responses obtained from the Assay preparation and the 

Standard preparation, respectively. 
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STIMULI TO THE 
REVISION PROCESS 

This section may contain the following: 

• reports or statements of authoritative committees 

• original research reports 
• evaluations of new and existing pharmacopeial methods 

• commentaries 
• articles relevant to compendia! issues 

These items are published to stimulate discussion and continual review of pharmacopeial standards. Generally, if an Expert 

Committee publishes an article on which they are specifically seeking comment, this will be clearly stated in the article . 

Readers may submit comments on issues raised in this section, but comment is not as critical as that for the In-Process 

Revision and Pharmacopeial Previews sections. Readers interested in submitting comments should see Instructions to 

Authors. 
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Instructions to Authors 

325 

Contributions in the form of original research reports, evaluations of new and existing compendia! methods, and other 

commentaries and articles relevant to drug standards or to USP-NF revision will be considered for publication in the Phar

macopeial Forum under the section Stimuli to the Revision Process. Manuscripts are received with the explicit understanding 

that they have not been published previously and that they are not simultaneously under consideration by any other publica-

tion. 
All manuscripts are subject to review by USP headquarters staff, Committee members, or qualified outside referees, and if 

accepted for publication will be subject to editing by USP staff. Accepted manuscripts become the property of the USP 

Convention, Inc. , (USPC) and may not be published elsewhere without written permission from the USPC. Authors are also 

responsible for obtaining permission for reprinting any illustrations that have been published elsewhere. 

Abstract-Include an abstract of not more than 250 words stating the purpose and the results or conclusions of the article. 

References- Consult a current copy of the Pharmacopeial Forum and the ACS Style Guide for assistance with reference 

style. 

Copyright- Copyright transfer documents will be sent to authors after manuscripts have been accepted for publication. 

Contact Person- When submitting a manuscript, designate one author of the article as correspondent and include that 

author's full address, telephone number, fax number, and e-mail address. 

Submission Instructions- Manuscripts must be submitted both as an electronic file and as a printed copy of the electronic file. 

Submit the text in Microsoft-TI: Word or another current word-processing application. The preferred format for graphics sub

mitted electronically is tagged image file format (TIFF). Graphics that cannot be submitted electronically must be carnera

ready, of easily reproducible quality and size, and clearly labeled. Photocopies are not acceptable. Manuscripts submitted for 

publication should be addressed to: 

Pharmacopeial Forum 

Executive Secretariat, USP 

12601 Twinbrook Pkwy. 

Rockville, MD 20852 
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Stimuli articles do not necessarily reflect the policies 

of the USPC or the USP Council of Experts 
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Manufacturer's Market Containers and Closures: Proposed Revision to 
Containers-Permeation (671 ) 

C. Jeanne Taborsky,' USP Consultant; Edward McKinley, Owens-Illinois Plastics Group 

ABSTRACT The functional/performance requirements and standards for tight and well-closed containers should be inde
pendent of (1) the person performing the packaging operation, (2) the type ofresin being used, and (3) whether packaged in 
the manufacturers' market container, in a repackage container, or in the container under actual conditions of use by the 
consumer. USP general chapter Containers- Permeation ( 671 ) addresses the functional/performance standards for container 
systems. 

This article is one in a series intended to provide additional data to aid in the establishment of meaningful specifications for 
these container systems. There is much in the literature on bottle testing, and the performance ofbottles with foil inner seals is 
well known. However, the performance of bottles with and without various inner seals, cap liners, and caps is not well 
documented. Bottle suppliers do not usually supply the cap to be used with the bottle; the closure innerseals and liners must 
be obtained separately by the user. In this study, three different caps molded with different resins were tested. The data 
demonstrate the impact of using different resins to manufacture large and small closures, the impact of using alternate closure 
designs, and the impact of using a closure with a liner, but without an innerseal. 

BACKGROUND 
In the l 970s, USP general chapters Containers ( 661 ) and 

Containers-Permeation ( 671 ) were developed on the basis 
of studies conducted on high-density polyethylene (HDPE) 
bottles and prescription vials (]) . While the contribution of 
closures and liners used for the prescription vials was noted 
in the data, characterization of the closure system was not 
the focus of these studies. To the contrary, the purpose of 
the studies was to evaluate the interchangeability of HDPE 
bottles independent of the closure and to improve the quality 
of prescription vials. It is now appropriate to address the role 
of closures, liners, and inner seals in the efficacy of the con
tainer/closure system. The USP has not included standards 
for closures or interchangeability for polypropylene resin 
for closures. The only reference that FDA has to liners is 
found in the Federal Food, Drug, and Cosmetic Act as 
Amended and Related Laws where it states, "The term 'im
mediate container' does not include package liners." (2) It is 
generally accepted, however, that the immediate container/ 
closure system does include liners. 

1 Correspondence should be addressed to C. Jeanne Taborsky, Senior Con
sultant, SciRegs Consulting, 6333 Summercrest Drive, Columbia, MD 
21045 . 

Although the USP is concerned with the packaging of 
drugs from drug substance through manufacturing of the 
drug product to dispensing to the consumer, the FDA has 
typically regulated only manufacturers' market containers 
and certain repackagers' containers. In 2001, USP con
ducted permeation studies on newer polypropylene pre
scription containers (3). (See Fig. 1 taken from the 
previous study and provided herein for the convenience of 
the reader.) The data demonstrate improved protection when 
compared to the data generated in the USP-sponsored colla
borative study conducted in the early 1970s. This earlier 
study was used to generate the standards for multiple unit 
bottles presented in USP general chapters in (661) and 
( 671) . However, it was found that there was a difference 
in permeation when using the child-resistant closure 
(CRC) and non-CRC (flip-off) on the same vial, with the 
CRC closures providing better protection and less variabil
ity. 

© 2003 The United States Pharmacopeial Convention , Inc. All Rights Reserved. 
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Water Vapor Permeation 

30 

~ 20 
~ 
~ 
E 10 

0 
60cc 1000 cc 

Bottle capacity 

□ 25°/85% RH ■ 40°/75% RH 

Fig. I. Prescription containers: water vapor permeation. 

Most state regulations allow pharmacists a one-year dis

card date from the date of dispensing. The beyond-use-date 

used for repackagers is discussed in Containers ( 661). Ori

ginally, Containers-Permeation ( 671) was written to set 

standards for repackagers of prescription vials, blisters, 

and other unit-dose systems. Market containers were ex

empted because stability data are generated on the actual 

product in the container. However, the smallest size market 

container can also be a dispensing container. Therefore 

these containers as well as OTC containers should also meet 

performance and protective requirements. 

. For some time now, the FDA has required drug compa

nies to test permeation of their containers, but published 

standards for permeation of manufacturers' market con

tainer/closure systems do not exist. FDA has been using 

the standards in Containers-Permeation ( 671), which 

were originally established for prescription vials for short

term storage. With the implementation of ICH stability test 

conditions of25° and 60% RH, many drug companies chan

ged to closures with foil inner seals , to better protect the 

drug product from the increase in humidity during stability 

studies. Under the previous stability test conditions of25° to 

30°, the uncontrolled humidity in the chamber was approxi

mately 40% RH. In USP 25, standards for permeation of 

manufacturers' market containers were implemented (4). 

Although permeation standards for prescription vials have 

been in this section since its inception in the 1970s, this 

was the first time that USP had attempted to implement stan

dards for manufacturers' container/closure systems. Unfor

tunately, there were issues with the wording of this section 

and the limits applied (5). FDA and USP both support hav

ing standards for market containers, but the setting of appro

priate standards required some additional information and 

work. The USP Expert Committee requested draft language 

and data to support the standard (6) . 

Smaller market containers that use an inner seal can act as 

both a storage container and a consumer container, once the 

foil seal is removed. In both cases, the drug product is still 

being stored in the container, and therefore standards for 

both configurations should exist. While prescription vials 

are sold to dispensers with either a compatible CRC closure 

or a flip-top closure, most market bottles and closures with 

seals are purchased separately. It is the responsibility of the 

manufacturer or repackager to use the appropriate closure 

and optional innerseal to properly protect the drug product. 

The impact of using alternate closures and alternate seals 

with the same market bottles has not yet been published. 
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Fig. 2. Water vapor permeation of bottles with foil seals using USP conditions (25°, 75%RH) compared to water vapor permeation using 
ICH accelerated conditions (40°, 75RH) of market containers without a foil innerseal. 

Fig. 2 is a graph of the results of a USP/FDA study of 
water vapor permeation using USP conditions (see Con
tainers ( 661)) to evaluate 60-cc and 1000-cc bottles with 
foil innerseals and using ICH accelerated conditions to eval
uate the same bottles with screw caps having an F-217 

foamed liner without an innerseal (7, 8). In the case of the 
small bottle, the water vapor permeation increased almost 
10 times with the seal removed and both humidity and tem
perature increased. Test results using closures with heat in
duction seals removed are reported to exceed USP 
requirements "not to exceed 100 mg/day/liter." In some 
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wes, containers are marketed without an inner seal. In 
inanY cases market bottles have foil seals to protect the pro
duct prior to consumer use, but those are removed at the 
time of use. As demonstrated, the rate of moisture permea
tion can be significantly higher without the foil seal, de
pending upon the type ofliner and the conditions of storage. 

It is generally accepted that the smaller the container, the 
greater the permeation (mg/day/L), and it has been reported 
that smaller bottles without foil seals cannot meet standards 
for tight containers. These results appear to be more depen
dent on the cap liner. There are various closure designs, both 
child-resistant and fine-ribbed (standard screw cap), and 
closures can be purchased with a wide range of liners and 
inner seals. Paperboard liners are not sufficiently elastic to 
provide seal efficacy once the foil inner seal is removed dur
ing actual conditions of use. For products where permeation 
is an issue, the authors recommend using a foil induction 
seal with a polyethylene or polypropylene foam cap liner. 
This system provides better protection for storage, with 
the seal in place and under actual conditions of use with 
the seal removed. 

To better enable establishment of appropriate standards, 
the USP Expert Committee on Packaging, Storage, and Dis
tribution requested additional information and data. To as
s is t the USP and in response to the request for 
information, the following data is being provided. 

PROCEDURE 

The test procedure used for this study was the method as 
described in Containers-Permeation (671). Test bottles 
were opened and closed 30 times, innerseals were not used, 
and the removal torque was measured. The procedure used 
for this study is the same as that presented at the end of this 
article. The tests provided herein include the following vari
ables (see Table I below): 
• Three different closures (two child-resistant and one 

standard thread screw cap) 
• Two different closure liners, 
• Three different bottle sizes, and 
• Four different suppliers of polypropylene resin. 

Table 1. Container Components 

Polypropylene Closures Man- Quali-Top Fine Ribbed @) 
ufactured by Owens Illinois 

Sizes in mm 
Description 

Manufacturer 

Cap Liners and Innerseals 

Description 

Manufacturer 

20, 24, 38 
Polypropylene screw cap 

Owens-Illinois 
One SeaGate 
Toledo, Ohio 43666 
419-247-5000 

F-217 

Co-extruded, triple-layer 
combination of foamed 

LDPE between identical 
top and bottom layers of 
LDPE. 

Tri-Seal® 
900 Bradley Hill Road 
Blauvelt, NY 10913 
(845) 353-3300 

Argus-Loe CRC @) 

28, 38, 45 
Polypropylene CRC 

screw cap 

Owens-Illinois 
One SeaGate 
Toledo, Ohio 43666 
419-247-5000 

Vinylseal P/RVTLF 

Clic-Loc ill CRC @) 

20, 28, 38 
Polypropylene CRC 

screw cap 

Owens-Illinois 
One SeaGate 
Toledo, Ohio 43666 
419-247-5000 

Pulpboard/Vinylseal/Lubricant Finish 
Wax 

Thermoset polyvinyl coating applied 
on polyolefin treated paper 

Tekni-Plex® 
201 Industrial Parkway 
Somerville, NJ 08876 
(908) 722-4800 
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Table 2. 

Bottle Cap Size 
Capacity mm 

cc 

30 20 

40 24 

28 

120 38 

220 45 
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Market Containers: Permeation Results Using Proposed Method (mg/day/L) 

Cap PP Fine Ribbed Non-CRC Argus-Loe CRC Clic-Loc CRC 
Resin 

F-217 P/RVTLF F-217 P/RVTLF F-217 P/RVTLF Supplier 

I 8.30 11.48 4.74 4.76 
2 6.18 10.09 6.14 6.10 
3 4.68 9.15 4.64 6 .65 

4 6.06 11 .29 7.71 7.72 

1 1.81 1.87 
2 1.99 2.23 
3 1.83 2.76 
4 1.73 2.45 
1 9 .01 10.65 5.01 8.80 
2 6.15 6.98 3.63 8.70 
3 7.28 11.45 4.04 6.89 

4 7.77 10.22 1.74 8.98 

I 3.91 4.32 3.70 4.49 8.90 3.45 
2 2.41 2.14 2.86 5.58 9 .66 5.55 
3 1.71 8.27 3.53 6.40 9.55 3.84 

4 5.67 7.08 2.59 5.85 7.45 5.75 

1 3.95 2.89 
2 4.68 3.88 
3 5.19 3.76 
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Fig. 3. Water vapor permeation for alternate closures and alternate polypropylenes using the proposed modifications to Containers

Pem1ea1ion (671 ). 
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As can be seen from the data provided in Table 2 and Fig. 

3, the p,ermeation values for the market containers are all 

less than 12 mg per day per liter, with some containers as 

low as 2 mg per day per liter. These containers do not have 

foil inner seals. The results for the smaller 30-and 40-cc bot

tle sizes were not higher than that for the 120-cc bottle 

although there is a general opinion that permeation of small 

bottle systems is always higher than that of larger systems. 

There was, however, more variation with smaller caps, but 

the permeation in smaller bottle sizes was not substantially 

higher. The F-217 cap liner performed slightly better than 

the P/RVTLF in some, but not all cases. 
Storage time as it relates to permeation- In many 

cases, the manufacturer of solid dosage forms conducts re

lease testing of the product prior to the final packaging op

eration. Although the lot selected for stability studies will 

undergo additional testing after packaging, the repackaged 

product is seldom retested. Some repackagers conduct their 

own stability studies on the product that they have repack

aged, but they do not test each lot that they repackage. 

Therefore the stability of the drug is most often determined 

only in the market container. In addition to the USP mono

graph testing, the FDA adds a requirement for impurities 

and degradants. The degradants' limits are being set more 

tightly for more recently approved drugs and changed in 

older drugs . The limit for the degradants test is that which 

most often causes failures on stability. Ibuprofen Tablets are 

a good example. The limit for degradants in the USP Ibupro

fen Tablet monograph at no more than 0.1 % is now causing 

failures in a product known for its long-term stability. 

A solid oral dosage form that is marketed in an HDPE 

bottle with a foil inner seal is exposed to "O to IO" mg 

per day per liter of moisture, while a product packaged with 

a foam liner is exposed to 2 to 12 mg per day per liter as 

demonstrated herein . It is not scientifically sound to repack 

that product in a container with permeation of 100 mg per 

day per liter for an equal period of time and expect the sta

bility to be maintained. The typical expiration dating 

granted for a new drug is usually 24 months. Packaged in 

a tight, multiple-unit container, this dating is extended to 

36 or 48 months, if supported by stability testing. 
While 100 mg per day per liter has been long accepted for 

prescription vials, this specification was based upon a 30-

day supply, with 30 days of storage in that container. Refer

ence is made to the data provided herein from the USP 

1970s studies on prescription containers (see Fig. I). Please 
be advised that the polystyrene containers were eliminated 

from the market because they did not provide the protection 

required. Glass is no longer used because polypropylene re

placed polystyrene and provided a significant improvement 

in protection. 
To date there is no data to support the safe storage of a 

moisture-sensitive drug in a container with permeation of 

100 mg per day per liter for a one-year period of time. Such 

an exposure to moisture is five times the amount that the 

product experiences during stability studies. The proposal 

contained herein still incorporates a limit of 100 mg per 

day per liter for prescription vials and consumer containers, 

and the authors strongly believe that the time spent in con

tainers at these limits must be reduced proportionally in or

der to assure the efficacy of the product : potency, 

degradation limits, and dissolution parameters. 

Table 3. 

mg /day/L 

IO 
20 
illO. 

Comparison of Standards for Tight 

1 Year (365 Days) 2 Years (730 Days) 

3650 mg/L 7300 mg/L 
7300 mg/L 14,600 mg/L 
36, 500 mga, 73,000 mga, 

Under the current rules, a pharmacist places a one-year 

"discard date" (USP beyond-use-date) on a prescription 

product on the date on which it is dispensed. As shown in 

Table 3, if the container permeation is at the limit of 100 mg 

per day per liter, the product can be exposed to 36,500 mg 

per liter of moisture, where stability has only been demon

strated at exposure of 7300 mg per day per liter or less . 

CDER requires that a container be equivalent to or better 

than the approved container in order to use the expiration 

dating supported by stability studies. If the drug requires a 

tight container and the consumer container or prescription 

vial does not pass a limit of20 mg per day per liter, the "dis

card date" (USP beyond-use-date) should be reduced to 

provide for the same degree of protection, less than 73 days, 

or no more than 60 days. For moisture-sensitive OTC pro

ducts where the container does not meet the 20 mg per day 

per liter requirement or stability has not been demonstrated, 

the instructions for use should state the following: " discard 

the product 60 days after breaking the seal." 

CONCLUSIONS 

The manufacturers' multiple-unit container/closure sys

tem should be tested as marketed and as it appears in actual 

conditions of use by the consumer. If the market container 

employs an inner seal, the container should be tested for the 

two-week period as marketed with the inner seal in place, 

without opening and closing thirty times. The container 

should then be retested with the innerseal removed, and 

the container opened and closed 30 times. Pharmacy pre

scription vials and consumer containers should continue to 

be closed and opened 30 times. The standards for containers 

under actual conditions of use by the consumer should be 

the same for the market container (with the seal removed) 
and the prescription vial. For the purpose of this article, 

the limit proposed for tight for market container permeation 

is 20 mg per day per liter. There are some prescription vials 

that do meet the standard of 20 mg per day per liter and pla

cing a 1- year dating on these containers seems reasonable. 

It may also be appropriate to consider some new class of 

protection intermediate between that of tight and well

closed. 
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Test results on closures manufactured with polypropylene 

obtained from alternate suppliers did not show any differ

ences due to the alternate supplier. The molder has incoming 

specifications established for their polypropylene resins and 

all of the alternate resins met those standards. 

NOTE-There are liners available that would provide the 

required degree of protection for moisture-sensitive pro

ducts packaged in HDPE bottles with foil inner seals. Cur

rently these can be purchased from Selig, Tri-seal , and 

Unipac. 

PROPOSED CHANGES TO CONTAINERS
PERMEATION (671) 

(671) CONTAINERS-PERMEATION 

The tests that follow are provided to determine the moist

ure permeability of containers for solid oral dosage forms. 

The section Multiple-Unit Containers for Capsules and 

Tablets applies to all multiple-unit containers (see Preserva

tion , Packaging, Storage, and Labeling under General No

tices), both manufacturers' containers and prescription vials . 

The section Single-Unit Containers and Unit-Dose Con

tainers for Capsules and Tablets applies to single-unit and 

unit-dose containers (see Single-Unit Containers and Unit

Dose Containers for Nonsterile Solid and Liquid Dosage 

Forms under Containers (661 )). As used herein, the term 

"container" refers to the entire system comprising, usually, 

the container itself, the liner (if used), the closure in the case 

of multiple-unit containers, and the lidding and blister in the 

case of single-unit and unit-dose containers. 

MULTIPLE-UNIT CONTAINERS FOR CAPSULES 
AND TABLETS 

Desiccant-Place a quantity of 4- to 8-mesh, anhydrous 

calcium chloride in a shallow container, taking care to ex

clude any fine powder, then dry at 110° for 1 hour, and cool 

in a desiccator. 
Procedure-Select 12 containers of a uniform size and 

type, clean the sealing surfaces with a lint-free cloth, and 

close and open each container 30 times. Apply the closure 

firmly and uniformly each time the container is closed. 

Close screw-capped containers with a torque that is within 

the range of tightness specified in the accompanying table .2 

Add Desiccant to 10 of the designated test containers, filling 

each to within 13 mm of the closure if the container volume 

is 20 mL or more, or filling each container to two-thirds of 

its capacity if the container volume is less than 20 mL. If the 

interior of the container is more than 63 mm in depth, an 

inert filler or spacer may be placed in the bottom to mini

mize the total weight of the container and Desiccant. The 

layer of Desiccant in such a container shall be not less than 

5 cm in depth. Close each container immediately after add

ing Desiccant, applying the torque designated in the accom

panying table when closing screw-capped containers . To 

each of the remaining 2 containers, designated as controls, 

2 Refers to table in USP 26 page 2150. 

add a sufficient number of glass beads to attain a weight ap

proximately equal to that of each of the test containers, and 

close, applying the torque designated in the accompanying 

table when closing screw-capped containers. 

Record the weight of the individual containers so pre

pared to the nearest 0.1 mg if the container volume is less 

than 20 mL; to the nearest mg if the container volume is 20 

mL or more but less than 200 mL; or to the nearest 10 mg if 

the container volume is 200 mL or more; and store at 75 ± 
3% relative humidity and a temperature of 23 ± 2°. 

[NOTE-A saturated system of35 g of sodium chloride with 

each 100 mL of water placed in the bottom of a desiccator 

maintains the specified humidity. Other methods may be 

employed to maintain these conditions.] After 336 ± 1 

hours (14 days), record the weight of the individual con

tainers in the same manner. Completely fill 5 empty con

tainers of the same size and type as the containers under 

test with water or a noncompressible, free-flowing solid 

such as well-tamped fine glass beads, to the level indicated 

by the closure surface when that closure is in place. Transfer 

the contents of each to a graduated cylinder, and determine 

the average container volume, in mL. Calculate the rate of 

moisture permeability, in mg per day per liter, by the for

mula: 

(1000/14V)[(T1 - T;) - (Cr C;)], 

in which Vis the volume, in mL, of the container, (Tr T;) is 

the difference, in mg, between the final and initial weights of 

each test container; and ( C1 - C;) is the difference, in mg, 

between the average final and average initial weights of 

the 2 controls. 

Manufacturers' Market Multiple-Unit Containers-The 

containers so tested are tight containers if not more than 

one of the 10 test containers exceeds 20 mg per day per liter 

in moisture permeability, and none exceeds 30 mg per day 

per liter. The containers are well-closed containers if not 

more than one of the 10 test containers exceeds 200 mg 

per day per liter in moisture permeability, and none exceeds 

300 mg per day per liter. 

Consumer Containers and Prescription Vials-

! -YEAR DISCARD DATE-The containers so tested are 

tight containers if not more than one of the 10 test containers 

exceeds 20 mg per day per liter in moisture permeability, 

and none exceeds 30 mg per day per liter. The containers 

are well-closed containers ifnot more than one of the 10 test 

containers exceeds 200 mg per day per liter in moisture per

meability, and none exceeds 300 mg per day per liter. 

60-DAY DISCARD DATE-The containers so tested are 

tight containers if not more than one of the 10 test containers 

exceeds I 00 mg per day per liter in moisture permeability, 

and none exceeds 200 mg per day per liter. The containers 

are well-closed containers if not more than one of the 10 test 

containers exceeds 2000 mg per day per liter in moisture 

permeability, and none exceeds 3000 mg per day per liter. 
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Examination of Selection of Immediate-Release Dissolution Acceptance Criteria 

Jeffrey D. Hofer: Eli Lilly and Company; Vivian A. Gray, V. A. Gray Consulting, Inc. 

ABSTRACT Controversy and approval delays often arise between a sponsor company and regulatory agencies over the 
establishment of dissolution acceptance criteria. For a US submission, the dissolution specification that is established is based 
on the acceptance criteria in the USP general chapter Dissolution (7 11 ). When defining the acceptance criteria, the sponsor 
must propose a 'Q' value and a time point (e.g., 30 minutes or 45 minutes) at which point the data will be evaluated against 
the appropriate criteria. In many instances, there is disagreement between the sponsor and the FDA on the appropriate values 
for the collection time point and the value of 'Q'. 

This paper will illustrate the very conservative nature of the Stage 1 acceptance criteria relative to that of the other stages. 
In addition, this paper demonstrates that a major issue that must be addressed when approaching this topic is the large 
difference in the discriminatory ability of the initial and subsequent stages of the dissolution test. Another issue that is 
identified is the traditional establishment of the Q value in only 5-unit increments. The problems presented by the above two 
issues will be illustrated via theory and examples. Finally, this article will present an alternative data-driven approach that 
could be used to arrive at potential dissolution specifications. 

INTRODUCTION 

Prior to discussing this issue, it is important that one be 
familiar with the immediate-release acceptance criteria of 
the USP Dissolution test, as shown in Table 1. 

Table 1. USP Dissolution Acceptance Criteria 

Number of 
Dosage 
Units 

Stage Tested 

l 6 
2 6 

3 12 

Pass if 

No dosage unit is less than Q + 5% 
Average of the 12 dosage units 2Q% 

and 
No dosage unit is less than Q-15% 
Average of the 24 dosage units 2Q% 

and 
Not more than 2 dosage units are less 
than Q-15% 

and 
No dosage unit is less than Q-25% 

For a US submission, in order to define the dissolution 
specification, the sponsor must propose a 'Q' value and a 
time (e.g., 30 minutes or 45 minutes) at which point the data 
will be evaluated against the appropriate criteria. In many 
instances, there is disagreement between the sponsor and 

Correspondence should be addressed to Jeffrey D. Hofer, Senior Statisti
cian, Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, [N 
46285; phone: 317-276-9803, e-mail: ho fer Jeffrey _d@lilly.com. 

the FDA on the appropriate values for the collection time 
point and the value of 'Q', leading to approval delays and 
controversy between the sponsor and regulatory agency. 

This paper will illustrate the very conservative nature of 
the Stage I acceptance criteria relative to those of the other 
stages. In addition, this paper demonstrates that a major is
sue that must be addressed when approaching this topic is 
the large difference in the discriminatory ability of the initial 
and subsequent stages of the dissolution test. Another issue 
that is identified is the traditional establishment of the Q val
ue only in 5-unit increments. The problems presented by the 
above two issues will be illustrated via theory and examples. 
Finally, this article will present an alternative data-driven 
approach that could be used to arrive at potential dissolution 
specifications. 

DISCUSSION 

A review of Table l demonstrates that the first stage of 
the USP dissolution test consists of testing 6 dosage units. If 
all of the dosage units are greater than or equal to Q + 5, then 
the dissolution test criteria are met and the test is passed. 

However, if this criterion is not met, 6 additional dosage 
units are tested and compared to the acceptance criteria for 
the 12 dosage units. To pass at the second stage, the average 
of the 12 dosage uni ts must be equal to or greater than Q and 
no dosage unit can be less than Q-15%. 

If both of the above criteria are not met at the second 
stage, the final stage of testing is performed. Twelve addi
tional dosage units are evaluated, providing a total of 24 re
sults. To pass at this final stage of testing, the average of the 
24 dosage units must be equal to or greater than Q, not more 
than 2 dosage units can be less than Q-15%, and no dosage 
unit can be less than Q-25%. 
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As we will demonstrate, there are large differences in the 

test discrimination between the first stage and the subse

quent stages. As seen above, for a given Q, to pass the dis

solution test at Stage 1, each of the 6 results must be greater 

than or equal to Q + 5%. To estimate how often the test 

would pass at Stage 1, it is necessary to estimate the prob

ability that an individual dosage unit is greater than or equal 

to Q + 5%. This probability can be estimated from the data 

collected. If we refer to the probability of an individual do

sage unit being greater than or equal to Q +5 % asp, then the 

probability of passing the dissolution test at Stage 1 is the 

probability that all 6 results are greater than or equal to 

Q + 5%, which can be calculated as p6• Thus, the probability 

that Stage 2 is required is l -p6
. 

100% 

For example, assume that 90% of the individual results 

are estimated to be greater than or equal to Q+ 5% (i.e., 

p = 0.90). Then the probability of passing the dissolution test 

at Stage 1 can be calculated as 0.96, or 0.53. Since there is a 

53% chance of passing the dissolution test at Stage 1, the 

probability that Stage 2 is required is 1 - p6, or 4 7%. 
Fig. 1 shows the probability that Stage 2 testing will be 

required as a function of the percentage of the distribution of 

results that are greater than Q + 5%. As illustrated, unless 

there is a high percentage of the individual results greater 

than Q + 5%, Stage 2 testing will frequently be required. 

For a distribution with 85% of the individual results greater 

than Q + 5%, Stage 2 testing would be required 65% of the 

time. In fact, for a sample with 70% of individual results 

greater than Q + 5%, Stage 2 testing will be required 90% 

of the time. 
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Fig. I. Plot of Stage 2 frequency as a function of individual results greater than Q + 5%. 

If Stage 2 testing is required, Table 1 shows that passing 

at Stage 2 depends upon whether the observed average of 

the 12 results is greater than or equal to Q and whether 

any of the results are less than Q- 15%. If the criteria are 

not met at Stage 2, 12 additional dosage units are tested, 

and the test is passed at Stage 3 if the observed average of 

the 24 results is greater than or equal to Q, not more than 

two individual results are less than Q-15%, and no result 

is less than Q-25%. 

A simulation study was performed to evaluate the percen

tage of time that the dissolution test criteria would be met for 

samples of varying quality. The simulation assumed that the 

data followed a normal distribution. This is felt to be a rea

sonable assumption for the typical collection time points 

where immediate-release dissolution specifications are rou

tinely established (usually 30, 45, or 60 minutes). The true 

mean of the sample from which the test article was drawn 

was assumed to vary from 6% below Q to 8% above Q. 
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The standard deviation of the sample results was assumed to 
be 2, 4, or 6. Larger standard deviations were evaluated but 
it was felt that the maximum true standard deviation of 

interest for a collection time point where there was a disso
lution specification was 6. 
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Fig. 2. Plot of the probability of passing the dissolution test at Stage I , Stage 2, or Stage 3 as a function of percent of individual results 
greater than 'Q'¾. 

Fig. 2 shows a plot of the percentage of tests that would 
pass either at Stage 1, at Stage 2, or at Stage 3 as a function 
of the percentage of the individual results that are greater 
than Q. It was shown earlier that the probability of passing 
the dissolution criteria at Stage 1 is a function of the percen
tage of results greater than Q+ 5%. However, the ability to 
pass the dissolution test at the later stages is primarily a 
function of the percentage of results greater than Q¾. Thus, 
for comparability among the stages, Fig. 2 uses the percent 
of individual results greater than Q¾ as the x-axis to illus
trate the large disparity between the test requirements at 
Stage 1 and thereafter. A review of the figure shows that, 
for samples where there is a very high chance of passing 
at Stage 2, there is very little chance of passing the test at 
Stage 1. This is because the Stage 1 requirements are that 
nearly all of the individual results fall above Q + 5% while 
the Stage 2 requirements primarily depend upon whether the 
average is slightly greater than Q¾. 

Fig. 2 also demonstrates that the percentage of passing 
tests at Stage 2 or 3 is independent of the standard deviation 
for those standard deviations examined in the simulation. 
This is because with true standard deviations of 6 or less, 

the criteria on individual results are very unlikely to come 
into play in the passing or failing of the test, and thus the 
test becomes simply a comparison of the observed average 
to Q. 

A brief discussion of why the above observation is true is 
provided. Reviewing Table 1, it is noted that one way to fail 
the dissolution test is to observe three or more results less 
than Q - 15% out of the 24 results. How often would this 
be expected to occur while the average of the results is 
greater than Q? Consider the situation where the true distri
bution has a mean of Q and a standard deviation of 6. For an 
individual result to be less than Q - 15%, it needs to be 2.5 
or more standard deviations below the mean, which should 
occur only 0.62% of the time. In such a situation, one should 
observe 3 or more results less than Q- 15% out of a sample 
of24 only 0.04% of the time. Thus, it is highly unlikely that 
one would fail the dissolution test as a result of this criterion. 
One is much more likely to fail because the observed aver
age is less than Q, which should occur 50% of the time, by 
chance, at each stage if the true mean is Q. In addition, one 
result of the 24 less than Q- 25% is very unlikely to occur 
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while the true mean is at or above Q, since this would be an 
observation that is more than four standard deviations below 
the mean. 

Similar calculations can be performed for a true mean of 
Q and a true standard deviation of 8. In such a case, for an 
individual result to be less than Q- 15%, it needs to be 
1.875 or more standard deviations below the mean, which 
should occur only 3.04% of the time. Thus, one should ob
serve 3 or more results less than Q- 15% out of a sample of 
24 only 3.53% of the time. Therefore, it is highly unlikely 
that a dosage form would fail the dissolution test on the ba
sis of this criterion. It is much more likely to fail because the 
observed average is less than Q, which should occur 50% of 
the time at each Stage if the true mean is Q. In addition, one 
result of the 24 less than Q- 25% is very unlikely to occur 
while the true mean is at or above Q, since this would be an 
observation that is more than three standard deviations be
low the mean. 

Fig. 2 also shows that as long as 80% of the distribution 
of individual results is greater than Q, the test requirement 
should be met at Stage 2; as long as 70% of the distribution 
is greater than Q the test will virtually always be met by 
Stage 3. If the true mean is Q, there is a 50% chance of pas
sing at Stage 2 while there is a 62% chance of passing after 
Stage 3. For samples where only 33% of the individual re
sults are greater than Q, there is only a 5% chance of passing 
the test. 

As can be seen from Figs. 1 and 2, there is a tremendous 
degree of disparity between the test discrimination at Stage 
1 and thereafter. In order to routinely pass the USP dissolu
tion test at Stage 1, virtually all of the individual results from 
the true distribution need to be greater than or equal to 
Q + 5%. This implies that the mean of the data from which 
the individual samples are drawn needs to be at least three 
standard deviations above Q + 5%. However, if the Stage 1 
criteria are not met, only about 85% of the individual results 
need to be greater than Q to routinely pass the USP dissolu
tion test at Stage 2. This implies that the mean of the data 
from which the individual samples are drawn needs to be at 
least one standard deviation above Q¾ in order to routinely 
pass after Stage 2. 

Tables 2 and 3 summarize the above information, show
ing the following for Q values of 75 and 85, respectively: 
• the minimum mean necessary for essentially no Stage 2 

testing for different standard deviations; 
• the minimum mean that will lead to Stage 2 testing 

being required 90% of the time; 
• the minimum mean necessary for essentially 100% pas

sing after Stage 2. 
The accuracy of the results summarized in Tables 2 and 3 

(particularly the second column showing the minimum 
mean required for essentially no Stage 2 testing) are depen
dent upon the validity of the assumption that the data are 
normally distributed. 

Table 2. Q = 75; Summary of Means Leading to Stage 2 Testing Percentages and Passing after Stage 2 

True Standard 
Deviation 

2% 
3% 
4% 
5% 
.6.% 

Q = 75; Minimum Mean for 
No Stage 2 Testing 

86% 
89% 
92% 
95% 
2..8..% 

Q = 75; Minimum Mean Leading 
to Stage 2 Testing Approximately 

90% of the Time 

81.0% 
81.5% 
82.0% 
82.5% 
.8..3....0.% 

Q = 75; Minimum Mean for Pas
sing after Stage 2 Essentially 100% 

of the Time 

77% 
78% 
79% 
80% 
Rl.% 

Table 3. Q = O; Summary of Means Leading to Stage 2 Testing Percentages and Passing after Stage 2 

True Standard 
Deviation 

Q = 80; Minimum Mean for 
No Stage 2 Testing 

Q = 80; Minimum Mean Leading 
to Stage 2 Testing Approximately 

90% of the Time 

Q = 80; Minimum Mean for Pas
sing after Stage 2 Essentially 100% 

of the Time 

2% 
3% 
4% 
5% 
.6.% 

91% 
94% 
97% 
100% 
103.% 

Thus, as can be seen from Table 2, for a fixed standard 
deviation there is a very large discrepancy between the re
quirements on the true mean in order to routinely pass at 
Stage 1 and at Stage 2. This large difference is often the 
source of controversy over the establishment of the 'Q' val
ue because samples with true means just slightly above Q 

86.0% 
86.5% 
87.0% 
87.5% 
.8..8...Q.% 

82% 
83% 
84% 
85% 
.8..6.% 

will pass after the Stage 2 testing while samples need to 
have means much greater than Q + 5% to pass after only 
Stage I testing. 

For the scenarios examined in the simulations, Stage 3 is 
seen to only slightly increase the ability to pass samples 
drawn from distributions where less than 50% of the indivi-
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dual results were less than Q. The primary increase in pass 
percentage between Stages 2 and 3 was observed for sam
ples coming from distributions where between 50% and 
84% of the individual results were greater than Q (or for dis
tributions where the mean was between Q and Q + 1 a} It is 
also observed that distributions with true means one or more 
standard deviations below Q have less than a 5% chance of 
passing the dissolution test. 

EXAMPLES 

Example 1: What are the True Mean requirements to 
easily pass at Stage 1 or 2?-A specific example is pre
sented to put the above general concepts into specific terms. 
Assume that an acceptance criterion of Q= 80% at 30 min
utes has been established for a compound. To routinely pass 
the dissolution test at Stage 1, the mean of the data from the 
individual samples drawn needs to be at least three standard 
deviations above Q + 5%. Thus, if the standard deviation is 
4%, then the mean needs to be at least 97% [i.e . , 
Q + 5 + (3 *SD)] in order to nearly always pass at Stage I. 
If the mean is 87 .0% or less, there will be Stage 2 testing 

approximately 90% of the time. Additionally, to routinely 
pass the test after Stage 2, the mean of the data from which 
the individual samples are drawn needs to be at least 84%. 

Example 2: Establishing an 'Acceptable' Q value and 
Collection Time Point-Consider the following example 
that illustrates the difficulties in establishing a Q value 
and collection time point specification that both the regula
tory body and the sponsor deem acceptable. Assume that a 
tablet product has been developed and is going to be sub
mitted to the regulatory agency. 

Assume that dissolution profile data have been collected 
for clinical and registration stability batches. Assume further 
that the profiles are very similar and that there is no change 
in the dissolution profile during the long-term stability of the 
product. Thus, all of the data can be combined to obtain the 
most accurate estimates of the average and standard devia
tion at the different collection time points . Usually, there are 
only one or two candidate time points for consideration and 
one will propose a Q value of75 or 80 as the proposed dis
solution specification at one of these times. Assume that 
summary statistics are obtained for this example as shown 
in Table 4. 

Table 4. Summary Statistics for Hypothetical Example 

% of Individual Predicted 

Collection Number of Results Predicted Frequency of 

Time Point Individual Standard Potential to be less than Stage 2 

(minutes) Results Average Deviation Q-value Q + 4.5% Testing 

30 252 90 .20 4.36 
30 252 90.20 4.36 
45 252 96.78 3.51 
45 252 2618 3 51 

Note that the calculations for the percent of individual re
sults less than Q + 5% have been changed to the percent of 
individual results less than Q + 4.5%. This was done to ac
count for the rounding aspect of the dissolution test when 
comparing individual results to their acceptance criteria. 
For example, if the value of Q is 80, then an individual result 
of 84.5% would meet the acceptance criterion of being 
greater than or equal to Q + 5%. 

As can be seen from Table 4, there is quite a challenge in 
establishing a Q value and collection time point specifica
tion that is acceptable to both the regulatory agency and 
the sponsor, because of the wide disparity in the required 
amount of predicted Stage 2 testing. Reviewing Table 4, 
the sponsor will likely propose a specification of Q= 80% 
at 45 minutes . However, it is noted that if future lots have 
dissolution profile characteristics similar to the lots analyzed 
to obtain the summary statistics, there will be a very low oc
currence of Stage 2 testing. It is observed that a specification 
of Q = 75% at 30 minutes could also be proposed and lead to 
a relatively low frequency of Stage 2 testing, while a speci-

75 0.74% 4.36% 
80 9.61% 45.48% 
75 0.00% 0.00% 
80 0 03°ai 0 I 7°ai 

fication of Q = 80% at 30 minutes would lead to quite exten
sive Stage 2 testing. It is not clear what the reaction of 
regulatory agencies would be to the proposed specification, 
given the very low expected frequency of Stage 2 testing. 

To summarize, these examples highlight two challenges 
that exist in establishing dissolution specifications. The first 
is that data are collected only at a few collection time points, 
and thus the specifications will need to be established at one 
of those time points. The second is that the Q values typi
cally established are traditionally set only in 5-unit incre
ments. Even if there were an agreed upon level of Stage 2 
testing between industry and regulatory agencies, the above 
two constraints would make it nearly impossible to meet this 
requirement, except in rare chance occurrences. 

For example, assume that it could be agreed by all that 
20% Stage 2 testing would be desirable . This would require 
that no more than 4% of the individual distribution results 
are less than Q + 5% (or Q + 4.5%, taking into account the 
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norm al rounding procedures) . This Stage 2 testing fre
quency would be achieved if the true mean of the distribu
tion were 1.750' above Q + 5% (or Q + 4.5%, as mentioned 
above) . Thus, the Q-value to achieve this Stage 2 testing 

could be obtained by subtracting the quantity ' 5 + 1. 7 50"' 
(or the quantity '4.5 + 1.750"') from the overall average. Ta
ble 5 summarizes the ' Stage 2 testing at 20% Q values for 
the above example. 

Table 5. Q Values to Yield 20% Stage 2 Testing for a Hypothetical Example 

Q-Value in Whole 
Collection Q-Value to Achieve Units to Achieve Stage 

Time Point, Number of Indi- Standard Stage 2 Testing 2 Testing Frequency of 
Minutes vidual Results Average Deviation Frequency of 20% 20% 

30 252 90.20 
45 252 2618 

If the restriction is established that the Q value will not 
exceed 80% as is usually done, then the specification that 
could perhaps be agreed upon is Q= 78% at 30 minutes . Al
ternatively, the specification could be established at 
Q = 80% at 45 minutes with the acknowledgement that little 
if any Stage 2 testing will be required unless, for future 
batches, there is a change in the dissolution profile from 
the data originally submitted. 

It is noted that maintenance of Stage 2 testing at the initial 
predicted frequency will be difficult as small changes in the 
mean or variability can have a dramatic impact on the Stage 
2 testing percentage. This sensitivity was displayed in detail 
in Fig.! . 

As an example of this sensitivity, consider a situation 
where a Q = 80 has been established. Assume that originally 
the true standard deviation was 4 and that the true process 
average originally was 91 .0. Thus, at the time of submission 
and specification establishment, one would predict that 
Stage 2 testing would be required approximately 25% of 
the time since the observed mean is 1.645 standard devia
tions above Q + 5%. 

However, if the mean would fall to 89.3 with the standard 
deviation remaining at 4, then Stage 2 testing would be re
quired approximately 50% of the time since the observed 
mean would then be only 1.2 standard deviations above 
Q + 5%. An increased requirement for Stage 2 testing of 
50% could also occur if the mean were to remain at 91.0 
but if the standard deviation were to increase to 5.4. 

In this example, it is possible that the Stage 2 testing fre
quency could also decrease to virtually 0%. This could oc
cur if the mean were to be increased to 96.5 while the 

4.3 6 78 .07 78 
3 SI 86 14 86 

standard deviation remained at 4, or if the mean were to re
main at 91.0 while the standard deviation decreased to 2.2. 
In both of these situations, the mean would be three standard 
deviations above Q + 5%. 

To summarize, the general dissolution specification meth
odology outlined in this paper is easily adaptable for what
ever frequency of Stage 2 testing is agreed upon by the 
interested parties. It is the strong opinion of the authors that 
without such an agreement, the establishment of dissolution 
specifications will continue to be fraught with controversy. 

CONCLUSIONS 

A great deal of controversy often arises between a spon
sor company and regulatory agencies over the establishment 
of dissolution acceptance criteria. Much of this controversy 
revolves around the establishment of the Q value and the 
collection time point. A major issue that must be addressed 
when approaching this topic is the large difference in the 
discriminatory ability of the initial and subsequent stages 
of the dissolution test. Another issue is the traditional estab
lishment of the Q value in only 5-unit increments. This ar
ticle has illustrated via theory and examples the problems 
presented by the above two issues and has presented an al
ternative data-driven approach that could be used to arrive at 
potential dissolution specifications. This approach is predi
cated on the assumption that an agreement can be reached 
between the industry and regulatory agencies on the accep
table frequency of Stage 2 testing. 
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NOMENCLATURE 
This section includes supplements to the latest edition of the USP Dictionary of USAN and International Drug Names that 
incorporate new United States Adopted Names (USAN) and revisions to existing Dictionary names. Also listed are Proposed 
and Recommended International Nonproprietary Names (INN) when they have been announced by the World Health Orga
nization. 

Possible names suggested for use as USAN and INN are listed for public review and comment along with information on how 
nonproprietary names are devised. In addition, readers may find articles relevant to current compendia! nomenclature issues 
that also occasionally report on related matters pertaining to USAN and INN. 
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USP Dictionary of USAN and International Drug Names 
2002 USP DICTIONARY SUPPLEMENT 5 

IMPORTANT- Save this Supplement. This and all supplements appearing in PF are needed to keep the 2002 edition of the USP Dic

tionary (USPD) up to date. The cumulative contents of the supplements to the current (2002) edition will be included in the next complete 

edition of the Dictionary. 

New United States Adopted Names (USAN) 
The following are newly established United States Adopted Names (USAN). These names will not be listed cumulatively; see preceding 

and succeeding numbers of PF for other new USAN to supplement the Dictionary main volume. 

Binodenoson [2002] (bi noe' den oh son). C17H25N7O4. 39 I .43. (I) 
Adcnosine, 2-[(cyclohexylmethylene)hydrazino ]-; (2) 2-[2-(Cy
clohexylmethylene)diazanyl]-9-~-D-ribofuranosyl-9H-purin-6-
amine. CAS-144348-08-3. Coronary vasodilator used in the diag
nosis of coronary heart disease (adenosine A2A agonist). (King) 
◊MRE0470 

~ cf·~ 
N N/ '<::::, 

~
-l .. ~ N 

H 

OH OH 

Capravirine [l 999] (kap ra vye' reen). C20H20Cl2N4O2S. 451.38. 
(I) I H-Imidazole-2-methanol, 5-[(3 ,5-dichlorophenyl)thio ]-4-(1 -
methylethy 1)-1-( 4-pyridinylmethyl)-, carbamate (ester); (2) 5-
[(3 ,5-Dichlorophenyl)thio ]-4-isopropyl- I -( 4-pyridylmethyl)imida
zole-2-methanol carbamate (ester). CAS-178979-85-6. INN. Anti
viral (reverse transcriptase inhibitor). (Shionogi, Japan) ◊S-1153 

)-o"---<f ~, 
f\ In ""=I ~ I 

~ Cl Cl 

Cilomilast [ / 999]. C20H25 NO4. 343.42. cis-4-Cyano-4-[3-(cyclo
pentyloxy)-4-methoxyphenyl]cyclohexanecarboxylic acid. CAS
l 53259-65-5. INN. 

cr::oo~O,H 
NC 

Dexmethylphenidate Hydrochloride [2002] (dex meth ii fen ' i 
date). C14H19NO2 · HCI. 269.77. (I) 2-Piperidineacetic acid, a-phe
nyl-, methyl ester, hydrochloride, (aR,2R)-; (2) Methyl (2R)-phe-

nyl[(2R)-piperidin-2-yl]acetate hydrochloride. CAS-19262-68-1. 
Treatment of atlention deficit/hyperactivity disorder (ADHD). (Cel
gene) 

\ ;J 
o'-. · HCl 

CH3 

Dienogest [ 1999]. C20H25NO2. 311.42. I 7-Hydroxy-3-oxo- I 9-nor
l 7a-pregna-4,9-diene-21-nitrile. CAS-65928-58-7. INN. 

~

OH 

··CH CN 2 

. 

o* 

Doramapimod [2002] (dore a map' i mod). C31 H37N5O3. 527.66. 
(I) Urea, N-[3-( I, l-dimethylethyl)-1-( 4-methylphenyl)- IH-pyra
zol-5-yl]-N'-[ 4-[2-( 4-morpholinyl)ethoxy ]-1-naphthalenyl]-; (2) 
J-[3-(1, l-Dimethylethyl)-1-( 4-methylphenyl)- IH-pyrazol-5-yl]-3-
[ 4-[2-(morpholin-4-y l)ethoxy ]naphthalen-1-yl]urea. CAS-285983-
48-4. Treatment of rheumatoid arthritis, Crohn s disease, and 
psoriasis. (Boehringer Ingelheim) 

·•~ ~ ~,;:9' I 
0~0 

~ ¢
N ~ ~ I 

I 

H3C 

Elarofiban [1999] (el a roe fye' ban). C22H32N4O4 · H2O. 434.53. 
(I) 3-Pyridinepropanoic acid, ~-[[[ l-[l-oxo-3-( 4-piperidinyl)pro
py I ]-3-piperidinyl]carbonyl]amino ]-, [ S-(R* ,S*)]-, monohydrat~; 
(2) (S)-~-[ (R)-1-[3-( 4-Piperidyl)propionyl]nipecotamido ]-3-pyn
d i nepropion ic acid, monohydrate . CAS-221005-96-5; CAS-

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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J 98958-88-2 [ anhydrous]. INN. Treatment of thrombotic disorders 
(platelet fibrinogen receptor [GPilb/Jlla] antagonist). (R. W. 
Johnson) ◊RWJ-53308 

Elzasonan Citrate [2002] (el za sone' an). C22H23Cl2N30S · 
C6H80 7• 640.53 . (I) 3-Thiomorpholinone, 4-(3 ,4-dichlorphenyl)-
2-[[2-( 4-methyl-1-piperazinyl) phenyl]methylene )-, (2Z)-, 2-hy
droxy- 1,2,3-propanetricarboxylate (I: I); (2) (2Z)-4-(3,4-Dichlor
phenyl)-2-[2-( 4-methylpiperazin-1 -yl)benzylidene ]thiomorpholin-
3-one citrate (I: I). CAS-361343-20-6. Antidepressant (5-HT18 10 

receptor antagoni st). (Pfizer) ◊CP-448,18 7-10 

CH, 

I 

() 0 ;_, 

~NA) 
lJ l~ 

Emivirine [1999]. C 17H22 20 2• 286.37. 6-Benzyl- l-(ethoxy
methyl)-5-isopropyluracil.CAS-/ 49950-60- 7. I N. 

Epafipase [/999] (e paf i pase). C2016H3l07N5450 586S,4. (I) 6-400-
Deacetylase, l-alkyl-2-acetyllecithin (human); (2) 6-400-Deacety
lase, l-O-alkyl-2-acety 1-sn-glycero-3-phosphochol ine (human). 
Molecular weight is approximately 44,799 daltons. CAS-208576-
22-1 . INN. Antia/!ergenic; antiasthmatic (PAF antagonist [PAF 
acetylhydrolase]). (!COS) ◊rPAF-AH 

AAASFG:JTKI PRGNGPYSVG CTDI.IIFDiTN KGTFLRl YYP SOONC<lLDTL 

WIPNKEYFll:i LSKFLGTHWL ~ NILRLLFG SHTTPANWNS PLRPGEKYPL 

VVFSHQSAF RTLYSAIGID tASfGF IVAA VEHRDRSASA TVVFKDQSAA 

E!',JKS.LV~ RTLKCHETH IR•IEC'i RQRA KECSOALSLI LOI M;KP'/K 

NALDLKF[I-IE QLKDSIDRfK !AV !QjSFGG ATVIQTLSEO QRFRCGIALD 

AWMFPLGOEV YSRIPQPLFF INSEVFQVPA NI IKMKKCIS PDKERKHITI 

,GSVHc,/FI\D FTFATGKI IG HHLKLKGIJI D SN'/A I DLSNK ASLAFLQKhl 

SLHKDF[)(l','1l Cc! EGDOENL IPGTN! NTTN l)-IIHLc,/SSG IEKYN 

Ertiprotafib [2002] (er ti proe' ta fib) . C31 H27Br03S. 559.51. (!) 
Benzenepropanoic acid, a-[4-(9-bromo-2,3-dimethylnaphtho[2,3-
b )thien-4-yl)-2,6-dimethylphenoxy ]-, (aR)-; (2) (2R)-2-[4-(9-Bro
mo-2 ,3-dimethy I naphtho[2 ,3-b] thiophen-4-y 1)-2, 6-dimethy lphe
noxy ]-3-phenylpropionic acid. CAS-2 5 I 303-04-5. Trea tment of 
non-insulin dependent diabetes (protein tyrosine phosphatase J B 
inhibitor). (Wyeth-Ayerst) ◊PTP-112 

H02C,. ,/ ~ 
0~ 

s, 

Exemestane [ 1999]. C20H240 2. 296.40 . 6-Methyleneandrosta-1,4-
diene-3 , l 7-dione. CAS-107868-30-4 . INN; BAN. 

Opebacan [1999] (oh pe' bay kan). (l) 1-193-Bactericidal/per
meability-increasing protein [ I 32-alanine] (human); (2) 132-L-Al
anine-1-193-bactericidal/permeability-increasing protein (human). 
Molecular weight is approximately 21,000 daltons. CAS-206254-
79-7. INN; BAN. Antimicrobial for Gram negative bacterial infec
tions. (Xoma) <>rBPl-21 

VNPGVVVRIS QKGi.DYASOO GTAALQKELK RIKIPDVSDS 

FKIKHLGKGi VSFVSHDI RE FQPSSQISH VPNVGLKFSI 

5NANIKISGK WKAQKRFLKH SGNFDLSI EG HSI SADLKLG 

SNPTSGKPT I TASSCSSHIN SVHVHISKSK VGWLIQLFHK 

Kl ESALRNKH NsavdEKVrn SVSSELQPYF QTL 

'.C 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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Repifermin [1999]. C723H1131N209O204S5. 16,175.33 . 33-172-Ker
atinocyte growth factor 2 (human). CAS-219527-63-6. INN. 

SYNHLQGl)VR WRKLFSFTKY FLK I EKNGKV SGTKKE~PY SJ LE ITSVEJ 

GVVAVKAI NS NYYLAMNKKG KLYGSKEFNN OCKLKERI EE NGYITTYASFN 

l,QHNGRl)'IYV ALNGKG<\PRR GQKTRRKITTS AHFLPMVVHS 

Semaxanib [2000] (sem ax ' an ib). C15H14N2O. 238.29. (1) 2H
lndol-2-one, 3-[3,5-dimethyl-lH-pyrrol-2-yl)methylene]- 1,3-di
hydro-, (Z)-; (2) 3-[(Z)-(3 ,5-Dimethylpyrrol-2-yl)methylene]-2-in
dol inone. CAS-194413-58-6 . INN. Antineoplastic (anti
angiogenic by selective inhibition of vascular endothelial growth 
factor-mediated Flk-1 signaling). (Sugen) ◊SU5416 

0 
CH 3 

HN· ' 

~ 

CH3 

Tanomastat [1999]. C23H19C1O3S. 410.91. (S)-3-((4'-Chloro-4-
bipheny lyl)carbonyl]-2-((phenylthio )methyl]propionic acid. CAS
l79545-77-8. INN. 

~

Cl 

I 

H02C "" o-· 0 

Tilmacoxib [2002] (ti! mah kox' ib). C16H19FN2O3S. 338.40. (I) 
Benzenesul fonamide, 4-( 4-cyclohex y 1-2-methy 1-5-oxazo I y 1)-2-
fl uoro-; (2) 4-(4-Cyclohexyl-2-methyloxazol-5-yl)-2-fluorobenze
nesulfonamide. CAS-180200-68-4. INN. Treatment of osteoarthri
tis and rheumatoid arthritis (COX-2 inhibitor). (Japan Tobacco 
Inc., Japan); (Fuji Chemical Industry, Japan) ◊JTE-522; JTP-
19605; RWJ-57504 

0 0 

~I/ 
s 

'--.NH2 

NrO 
H3C 

Tolvaptan [1999] (tole' bap tan). C26H25CIN2O3. 448.95. (I) 
Benzamide, N-[ 4-( (7-chloro-2,3,4,5-tetrahydro-5-hydroxy- l H- l -
benzazepin-1-yl)carbonyl]-3-methylphenyl]-2-methyl-; (2) ( ± )-
4' -[(7-Chloro-2,3,4,5-tetrahydro-5-hydroxy- l H- l-benzazepin-1-
yl) carbonyl)-o-tolu-m-toluidide. CAS-150683-30-0. INN. Treat
ment of congestive heart failure and hyponatremia (vasopressin 
V2 receptor antagonist). (Otsuka America) ◊OPC-41061 

0 Ll 
~ ~ ,;---N C(: (~ OH 

Cl 

Voriconazole [1999]. C16H14F3N5O. 349.31. (cu?,PS)-o:-(2,4-Di
fluorophenyl)-5-fluoro-P-methyl-o:-(l H-1,2,4-triazol-1-ylmethyl)-
4-pyrimidineethanol. CAS-137234-62-9. INN; BAN. Vfend (Pfi
zer) ◊UK-109,496 

F~~ H\ -N 

H C 

~Ht:) 
'f=/ F N 

F 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 



Pharmacopeial Forum 
Vol. 29(1 ) [Jan.- Feb. 2003] NOMENCLATURE 345 

Revisions of United States Adopted Names (USAN) 
The following are revisions of existing United States Adopted Names (USAN) and other names. 

Amitriptyline Hydrochloride 

Change the first chemical name to read: 

o-erythro-Pentonamide, 2, 3,5-trideoxy-N-(2,3-dihydro-2-hy
droxy- lH-inden- l -yl)-5-[2-[[( l , l-d imethylethyl)amino]carbonyl]-
4-(3- pyridi ny lme th y l)- l -p iperaziny 1]2-(pheny !meth y l)- , 
( l ( IS,2R,5(S)]-, sulfate (1:1 ) (salt) . 

Change the chemical structure to read: 

. I ICI 

Amitriptylinoxide 

Change the chemical structure to read: 

Capsaicin 

Change the chemical structure to read: 

Dibotermin Alfa 

Change the name of the manufacturer to read: 

(Wyeth). 

Dolasetron Mesylate 

Change the chemical structure to read: 

H 

\ 

cfl<~·· "_ ... ··· H II H2c• ;·· 
0 ' N • 0 

H 

Eletriptan Hydrochloride 

Change the name to read: 

Eletriptan Hydrobromide 

Ethomoxane Hydrochloride 

Change the CAS numbers to read: 

CAS-6038-78-4; CAS-3570-46-5 [ethomoxane] 

Imafen Hydrochloride 

Change the CAS numbers to read: 

CAS-53361-24-3; CAS-59198-18-4 [imafen] 

lndinavir Sulfate 

Change the first chemical name to read: 

0 

II 
HO-S-CH3 

II 
0 

D-erythro-Pentonamide , 2,3 ,5-trideoxy-N-(2,3 -dihydro-2-hy
droxy-lH-inden- l -yl)-5-[2-[[( I, 1-dimethylethyl)amino ]carbonyl]-
4-(3-pyridiny lmethy l)- l -pi peraziny l ]2-(phenylmeth y l )- , 
[ l(IS,2R,5(S)]-, sulfate (I: 1) (salt). 

Octoxynol 9 

Add the following brand name and manufacturer to 
read: 

Triton X- 100 (Union Carbide) 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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Pemetrexed Disodium 

NOMENCLATURE 
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Phenoxybenzamine Hydrochloride 

Add the following chemical structure: Change the name of the manufacturer to read: 

(WellSpring Pharmaceutical Corporation). 

0 

H~O 
N / ON ■ 

0 H ONa 

0 
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Suggested United States Adopted Names 

The United States Adopted Names (USAN) program is the spe
cifically organized effort in the United States directed to producing 
simple and useful nonproprietary names for drugs while the drugs 
are still in the investigational stages. The American Medical Asso
ciation (AMA), the American Pharmaceutical Association 
(APhA), and the United States Pharrnacopeial Convention (USPC) 
jointly sponsor the USAN program with representation from the 
FDA. 

Each U.S. Adopted Name is chosen with the expectation that it 
will be suitable for prescribing and dispensing purposes and for 
designation as the title of the monograph, should the article be re
cognized in the official United States Pharmacopeia or National 
Formulary. A measure of the prestige and recognition of the value 
of the USAN program can be found in the following regulations 
published by the Commissioner of Food and Drugs and the Secre
tary of Health and Human Services in the Federal Register of Feb
ruary 1988. 

All who are concerned with the prescription, dispen
sing, use, sale or manufacture of drugs may, in the 
absence of the designation of an official name by 
the FDA, rely on the current compendia! name or 
the U.S. Adopted Name (USAN) listed in this vol
ume as being the established name in accordance 
with the Federal Food, Drug, and Cosmetic Act. 

A formal procedure 1 is followed by the USAN Council in select
ing an established name for a drug. The USAN Council Secretary 
is also an ex officio member of the International Nonproprietary 
Names (INN) Committee. USAN Guiding Principles are concor
dant with World Health Organization (WHO) principles, and all 
USANs for substances also named by the INN Committee are sys-

Suggested USAN 

Abrextrin 
Aprextrin 

Category 

Treatment of obesity 

Acofilcon 8 Hydrophilic contact lens 
material 

Adafeboviluss 
Cotafeboviluss 
Danofeboviluss 
Live Human Keratinocyte 

Fibroblast Skin Construct 
Live Human Skin Substitute 

(Human Keratinocytes , 
Fibroblasts, Bovine Collagen) 

Living Stratefied Human Kera-
tinocyte Fibroblast Construct 

Aquifocon A 

Arflurbifenil 
Arflurbifenpro 
Arflurbinifen 
Arflurbiprofen 

Artofisopam 

Treatment of skin ulcers 

Hydrophilic contact lens 
material 

Treatment of prostate and 
colorectal cancer 

Treatment of irritable bowel 
syndrome and Crohns disease; 
anti-anxiety 

1 
USP Dictionary of USAN and International Drug Names, Preface. 

2 
Ibid., Appendix Vil. 

tematically processed through the INN Committee. This ensures 
that, with very rare exceptions, USANs are identical to INNs and 
available for world-wide use. 

A suggestion for a USAN originates usually from a firm or an 
individual who has developed a substance of potential therapeutic 
utility to the point where there is a distinct possibility of its being 
marketed in the United States of America. Occasionally, the initia
tive is taken by the USAN Council in the form of a request to par
ties interested in a substance for which a nonproprietary name 
appears to be lacking. 

Submissions to the USAN Council are expected to conform to 
the established Guiding Principles2 and to be reasonably free from 
conflict with other names, including both trademarks and non
proprietary names. An effort is made to discourage the occasional, 
undesirable practice of incorporating in trademarks the syllables 
used in an established nonproprietary name, or syllables recom
mended for USAN. Such trademarks may act as a bar to the sub
sequent adoption of appropriate nonproprietary names for closely 
related drugs. 

The suggested nonproprietary names for the drugs described in 
the following list are under consideration by the USAN Council. 
The name(s) being considered for each drug substance, and the ap
plicable category, are separated by double spacing from the 
name(s) and category for the next listed drug substance. Where 
two or more names are being considered for the same drug sub
stance, the names are single-spaced, and the applicable category 
term is written only once to the right of the single-spaced group 
of names. 

Any comments or protests should be addressed to Sandra Yan 
Laan, Technical Associate, USAN Council, American Medical As
sociation, 515 North State Street, Chicago, Illinois 60610. 

Suggested USAN 

Asoprisnil 

Balacipladib 
Bicladib 
Ecocipladib 
Ecocladib 
Eficipladib 
Eicocladib 

Baltarabine 
Clofarabine 
Colfarabine 
Crofarabine 

Bantacurium Chloride 
Benecurium Chloride 
Brevicurium Chloride 
Brosacurium Chloride 

Belimumab 
Eblimumab 
Enablimumab 
Fetlimumab 

Cadenoson 
Redenoson 
Selodenoson 

Category 

Treatment of endometriosis, 
uterine fibroids, and possible 
adjunct to hormone replacement 
therapy 

Treatment of pain and sympto
matic management of arthritis 

Treatment of primary refractory 
or relapsed acute myelogenous 
leukemia (AML) or acute lym
phoblastic leukemia (ALL) in 
children and adults 

Induces muscle paralysis as a 
surgical adjunct; neuromuscu
lar blocker 

Treatment of auto-immune dis
ease 

Management of atrial fibrilla
tion and atrial flutter 
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Suggested USAN 

Capaprovir 
Cepaprovir 
Cepaprovirate 
Ciclocivirate 
Cicloprovirate 
Ciluprovir 

Carlizumab Pegol 
Certolizumab Pegol 
Melizumab Pegol 
Midrolizumab Pegol 
Santulizimab Pegol 

Cortuzumab 
Erbutuzumab 
Pertuzumab 

Delfacitabine 
Elvucitabine 
Forcitabine 

Denesbuvir 
Epanesbuvir 
Nesbuvir 

Desmoteplase 

Doconexent Ethyl Ester 
Edocatex 
Eidocate 
Ethyl Doconexentate 
Ethyl Icosapentate 
Icodocotate 
lcodonate 
lcosapent Ethyl Ester 
Idocosanate 
Omega-3-acid Ethyl Esters 
Omega-3 Marine Triglycerides 

Enterointestinotrophin 
Gluglycatide 
Tediglucon 
Teduglutide 
Tegludutide 
Trodiglucon 

Esobutynin Chloride 
Esoxybutynin Chloride 
Esoxybutynin Hydrochloride 

Ezadenoson 
Xodenosant 
Xodenoson 
Zadenosant 

NOMENCLATURE 

Category Suggested USAN 

Treatmen t of hepatitis C virus Galizumab 
infection Penlizumab 

Ralizumab 
Salizumab 
Talizumab 
Tanlizumab 

Treatment of rheumatoid arthri- Galyfilcon A 
tis and inflammatory bowel dis- Zenafilcon A 
ease, specifically Crohns 
disease Insulin Glulisine 

Ixabepilone 
Antineoplastic Ixepotilone 

Milamepilone 
Milepotilone 
Mixlamepone 

Treats hepatitis B virus (HBV) 
infection and HIV infection Lapatanib Ditosylate 

Lapatinib Ditosylate 
Lurotinib Ditosylate 

Treatment of hepatitis C Mefontinib Ditosylate 
Napatinib Ditosylate 

Lercanidipine Hydrochloride 

Treatment of acute myocardial 
infarction , acute ischemic 
stroke, pulmonary embolism, Levomepromazine 
and hemodialysis Methotrimeprazine 

Hypolipidemic Levomepromazi ne 
Hydrochloride 

Methotrimeprazine 
Hydrochloride 

Levomepromazine Maleate 
Methotrimeprazine Maleate 

Lumiliximab 
Riliximab 
Veriliximab 

Treatment of intestinal diseases Naprogecet 
Nosprogecet 
Panprogecet 
Paprogecet 
Piprogecet 
Sanprogecet 
Siprogecet 

Treatment of urinary inconti-
nence; antispasmodic/anticholi- Nelanicet 
nergic Nelanicline 

Nelaquixine 
Treatment of Parkinsons disease Veranicline 

Veraquixine 
Veriquixine 

Pixantrone 

Spradenofylline 
Spuradenel 
Stradefylline 
Stradesant 

Tiplactinib 
Tiplactinin 

Topixantrone 

Pharmacopeial Forum 
Vol. 29(1) [Jan.-Feb. 2003] 

Category 

A monoclonal antibody used to 
increase the threshold for pea-
nut-induced anaphylaxis 

Contact lens material 

Antidiabetic 

Antineoplastic; antimitotic 

Antineoplastic 

Antihypertensive compound; 
calcium channel blocker 

Analgesic 

Analgesic 

Analgesic 

Treatment of allergic asthma, al-
lergic rhinitis, chronic lympho-
cytic leukemia 

Oral contraceptive 

Smoking cessation 

Antineoplastic 

Treatment of Parkinsons disease 

Treatment of firinolytic impair-
ment 

Antineoplastic 

«:) 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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Suggested USAN 

Tzalapotide 

Yttrium Y 90 Epratu
zumab-DOTA 

Category 

Antineoplastic 

Radioimmunotherapy (RAJT) 
for nonHodgkins B-ce/1 lympho
ma patients 

Suggested USAN 
Yttrium Y 90 Labetu

zumab-DOTA 

'0 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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Category 

Radioimmunotherapy (RAIT) of 
CEA-expressing tumors in col
orectal, pancreatic, lung, breast, 
ovarian, and medullary thyroid 
cancer 
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Suggested International Nonproprietary Names 

International Nonproprietary Names (INN) are devised by the 
World Health Organization (WHO). INNs for substances originat
ing within the United States are applied for through the USAN 
Council. INN and USAN Guiding Principles are concordant, 
which assures that, with very few exceptions, INNs and USANs 
are identical. 

Under its charter, the WHO is empowered simply to recommend 
specific actions or procedures to its Member States. This limitation 
is incorporated into the WHO program concerned with the selec
tion of international non proprietary names for phannaceutical sub
stances, in that the WHO first publishes the selected names as 
proposals ("Proposed In ternational Nonproprietary Names"). A 
period of four months from the date of publication in WHO Drug 
Information is allowed for entering comments on, or objections to , 
any proposal on the part of Member States or other interested par
ties. In general, an objection reflects a belief that the proposal con
cerned is confusingly close to (i.e., conflicts with) a name already 
in use, perhaps in only a restricted area in which the party has a 
proprietary interest in the form of trademark rights . In the event 

Suggested INN Category 

Adenoferminogen Treatment of patients with stable 
Angiofenninogen angina of CCS classes 2 to 4 
Cardiofenninogen 

Afluprost Treatment of glaucoma and ocu-
Afprost far hypertension 

Asoprisnil Treatm ent of endometriosis and 
Mesocione uterine fibroids; possible ad-
Mesoprisnil junct to hormone replacement 

therapy 

Autologous Dendritic Cell Adjuvant therapy of renal cell 
Priming Vaccine carcinoma after surgical resec-
Autologous Tumorvaccine lion of the primary tumor and/ 
Renal Cell Carcinoma Vaccine or metasteses 

Belimumab Treatm en t of autoimmune dis-
ease 

Bilsafluor In vivo diagnostic agent of liver 
Cholyl-lysyl Fluorescein (dys)function 
Cholyusyl Fluorescein 

Calcimetriol Treatment of psoriasis 
Isocalcitol 
lsocalcitriol 
Procalcitol 

Cenorphine Opioid analgesic 
Valorphine 
Zanophine 

Ciclohexatreotide Treatment of acromegaly, gas-
Pansornreotide troenteropancreatic (GEP) neu-
Somatreotide roendocrine tumors 

Dablusagon Treatment of urinary inconti-
Dabluzagon nence 
Zoyanagon 

Dacethamate Antineoplastic 
Dacindolastat 
Hisdacamate 

that no objection is received, the WHO proceeds with listing and 
publishing the names so devised as recommendations ("Recom
mended International Nonproprietary Names"), which many 
Member States then recognize as the sole or preferred non
proprietary name for use within their respective territories. 

The names for the drugs that are categorized in the following list 
are under consideration for the selection of new Proposed Interna
tional Nonproprietary Names. The name(s) being considered for 
each drug substance, and the applicable category, are separated 
by double spacing from the name(s) and catego,y for the next 
listed drug substance. Where two or more names are being consid
ered for the same drug substance, the names are single-spaced, and 
the applicable category term is written only once to the right of the 
single-spaced group of names. 

Any comments or protests should be addressed to Sandra Van 
Laan, Technical Associate, USAN Council, American Medical As
sociation, 515 North State Street, Chicago, Illinois 606 I 0. 

Suggested INN Category 

Desmoteplase Treatment of acute myocardial 
infarction, acute ischemic 
stroke, pulmonary embolism , 
and hemodialysis 

Discmitoside Antineoplastic 
Discodennolide 
Distabmutide 

Elicoxib Treatm en t of osteoarthritis, 
lmicoxib rheumatoid arthritis and pain 
Jmocoxib 

Elsilimomab lmmunomodulator 
Licilimomab 

Elvucitabine Treatment of hepatitis B virus 
(HBV) infection and HIV infec-
tion 

Epitumomab Cituxetan Treatment of tumors of epithe-
Epitumomab Sulzetan lial origin 
Epitumomab Truzetan 

Esobutynin Chloride Treatment of urinary inconti-
nence; antispasmodic/anticholi-
nergic 

Etadekin Treatment of chronic injlamma-
Octadekin tory diseases such as Crohns 
Tadekin disease, rheumatoid arthritis, 

psoriasis and arteriosclerosis 

Euglicar Antidiabetic 
Tauglicar 

Exopentacin Antifungal agent 
Fungipentacin 
Micopentacin 

Gapomiboxepine Treatment of neurodegenerative 
Gapomioxepine diseases 
Migapoxepine 

Insulin Glulisine Antidiabetic 
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Suggested INN 

lxabepilone 

Lapatinib Ditosylate 

Neotripane 
Trifalane 
Trilifalane 

Odiparcil 

Pertuzumab 

Ponepristone 

Category 

Antineoplastic; antimitotic 

Antineoplastic 

Inhibitor of dopamine, noradre
naline and serotonin transpor
ter 

Anti-thrombotic 

Antineop/astic 

Regular and emergency contra
ceptive; treatment of uterine fi
broids 

Suggested INN 

Stradefylline 

Talizumab 

Vandeganib 

Veranicline Tartrate 
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Category 

Treatment of Parkinsons disease 

Treatment to increase the 
threshold for peanut-induced 
anaphylaxis from unintended in
gestion or exposure in children 
and adults with peanut allergy 

Anti-angiogenic agent for treat
ment of various forms of cancer 

Smoking cessation 
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This is a cumulative directory for the content of all issues of PF beginning with PF 29(1). 
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U.S. Pharmacopeia 
The Standard of Quality"' 

1260 l Twinbrook Parkway 

Rockville, MD 20852 

301-88 1-0666 

WWw.usp.org 

Dear Colleague: 

Happy New Year! As we begin 2003, I am pleased to look back at an important milestone, call 
attention to new initiatives, and look forward to upcoming achievements. 

Nearly 100% of orders filled at time of order. 
Last year we continued a remarkable record for filling orders without back orders, achieving a high of 
filling orders immediately 99.8% of the time. This is a significant improvement over prior years and 
moves us closer to our ultimate goal of having no back orders. 

New easier-to-read lined format and new "How To" information. 
We continue with improvements in our catalog to make it even more user-friendly. With new gray
screened hmizontal fields and lines to divide columns, we've made it even easier for you to align 
information and complete your orders quickly and accurately. If you have any additional suggestions 
for improving the usefulness of the catalog, please contact us. Also, while the basic procedures have 
not changed, we've edited and consolidated our "How to Order" information and moved it from the 
back of the catalog to the Introduction pages that follow. Please also note our new back-order policy in 
this section. 

What else are we doing to make your job easier? 
To provide the service and support you need to meet your high standards and make your job easier, 
USP has developed a new account management team. Account managers will meet with key accounts, 
help forecast product requirements, stay in touch to manage issues of concern, and take care of special 
requests. You will be hearing from an account manager in the near future. Watch for the unveiling of 
our exciting new sales and account management team in the March- April catalog. 

Meet us at Pittcon® in Orlando in March. 
USP will be exhibiting at the Pittcon® meeting this spring. Please stop by, find out the latest from 
USP, and learn how our presence adds to this important gathering. 

Price increase is now effective. 
As previously announced, prices in this catalog reflect a 4% increase, in line with the Consumer Price 
Index (CPI) for medical commodities. 

USP 26-NF 21 is now official and Pharmacopeial Forum (PF) is now online. 
The 2003 annual edition of USP- NF is now official and FDA-enforceable as of January 1, 2003. 
Make sure you and your colleagues are compliant with the latest pharmaceutical standards by securing 
your print, online, intranet, and/or CD format. Also, the new year marks the debut of Pharmacopeial 
Forum online. Learn more about it by scrolling to the PF content at www.usp.org/products. 

If you haven't taken advantage of USP education opportunities, make this the year. 
USP's Pharmacopeial Education program can help you better understand and apply official standards 
and test methods. Check out the course schedule on the following pages and find a date and subject 
that work for you, or ask us about a course at your site. 

Thank you for making USP an important part of your work. I wish you all the best in the new year. 

Sincerely, 

~~ p,~ 
Barbara B. Hubert 
Director, USP Sales and Marketing, Reference Standards and Education. 
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USING AND ORDERING USP REFERENCE STANDARDS 

Official Reference Standards 
USP Reference Standards are required for use in pharmacopeial 
assays and tests in the official standards publication, the United 

States Pharmacopeia- National Formulary (USP- NF). USP 
Reference Standards help to ensure compliance with the official, 
FDA-enforceable quality requirements in the USP-NF. The 
Reference Standards also lend themselves to many other 
applications, including measurements required to attain accurate 
and reproducible results in modern chromatographic and 
spectrophotometric methods. 

Rigorous Testing and Quality Control 
USP Reference Standards are selected for their high purity, 
critical characteristics, and suitability for the intended purpose. 
Unless a USP Reference Standard label states a specific potency 
or content, the USP Reference Standard is taken as being I 00% 
pure for the USP purposes for which it is provided. 

Heterogeneous substances, of natural origin, are also designated 
"Reference Standards" where needed. Usually these are the 
counterparts of international standards. 

USP Reference Standards are established through a process of 
rigorous testing, evaluation, and quality control (See page 5 for a 
process overview). They are independently tested in three or 
more laboratories- USP, FDA, and academic and industrial 
laboratories throughout the United States. The Reference 
Standards are released under the authority of USP's Board of 
Trustees, on the recommendation of the USP Reference 
Standards Expert Committee, which approves selection and 
suitability of each lot. 

Reference Standards Categories 
USP offers more than 1,350 Reference Standards for 
pharmaceuticals, excipients, and dietary supplements. On pages 
5-31 of this catalog, you'll find a full list of available USP and 
NF Reference Standards, with information updated through 
December 2002. The list includes: 

• 

• 

• 

• 

Reference Standards required by the current official edition 
of USP- NF. 
Reference Standards not required in the current USP-NF, 
but for which sufficient demand remains. 
Reference Standards specified in the current edition of the 
Food Chemicals Codex (FCC). 
Authentic Substances (AS}--highly purified samples of 
chemicals, including substances of abuse, required by 
analytical, clinical, pharmaceutical, and research 
laboratories. 

The distribution of controlled substances is subject to the 
regulations and licensing provisions of the Drug Enforcement 
Administration (DEA) of the U.S. Department ofJustice. 

USP also collaborates with the World Health Organization in its 
program to provide international biological standards and 
chemical reference materials for antibiotics, biologicals, and 
chemotherapeutic agents. Some USP Reference Standards are 
standardized in terms of the corresponding international 
standards. 

Proper Use of USP Reference Standards 
USP Reference Standards are provided primarily for quality 
control use in conducting the pharmacopeial assays and tests 
described in the USP-NF. Neither Reference Standards nor 
Authentic Substances are intended for use as drugs, dietary 
supplements, or medical devices . 

To serve its intended purpose, each USP Reference Standard 
must be properly stored, handled, and used. Users of USP 
Reference Standards should refer to General Chapter (11) in the 
USP- NF: 
Listing and directions in USP-NF 
• Refer to the list ofrevisions, additions, and deletions 

of individual USP Reference Standards in 
USP 26-NF 21. 
Individual USP or NF monographs specify the USP 
Reference Standard(s) required for assay and test 
procedures. The USP 26-NF 21 General Test Chapter (I I ) 
USP Reference Standards provides additional information 
and instructions for proper use and storage. 
Note that if specific instructions for use appearing on the 
label ofa USP Reference Standard differ from the 
instructions in Chapter ( 11 ), the instructions on the label 
take precedence. 

• Consult the cumulative updates to Reference Standards 
information provided in USP-NF Supplements and also in 
USP-NF Interim Revision Announcements, which are 
published in USP 's bimonthly journal, Pharmacopeial 

Forum . 

Suitability for use 
• The user must ascertain that the Reference Standards they 

are using are an official lot. 
• The user must determine the suitability of Reference 

Standards for applications and uses not in the USP-NF 

Search the latest USP Reference Standards e-catalog and order online at www.usp.org/refstd/. 
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USING AND ORDERING USP REFERENCE STANDARDS 

Storing 
• Ensure that the USP Reference Standards are stored in their 

original stoppered containers, according to any special label 
directions, away from heat and humidity, and protected 
from light. 

Weighing 
• Ensure that Reference Standard substances are accurately 

weighed-taking due account of relatively large errors 
potentially associated with weighing small masses-where 
it is directed that a standard solution or a standard 
preparation be prepared for a quantitative determination. 
See USP 26-NF 21 General Chapters (41) Weights and 
Balances and (31) Volumetric Apparatus, and USP- NF 
General Notices, for information regarding appropriate use 
of USP Reference Standards. 

Drying 

• Use a clean and dry vessel, and not the original container, as 
the drying vessel where a USP Reference Standard is 
required to be dried before use . 

• Make sure not to dry a specimen repeatedly at temperatures 
above 25 degrees. 

• Follow any special drying requirements specified on the 
Reference Standards label or in specific sections of USP or 
NF monographs (note that any specific instructions on the 
label or in the monograph supersede the usual instructions 
in Procedures under Tests and Assays in USP- NF General 
Notices). 

• Follow Method I under USP-NF General Chapter (921) 
Water Determination where the titrimetric determination of 
water is required at the time a Reference Standard is to be 
used . Instrumental or microanalytical methods are 
acceptable for this purpose. When using typical amounts, 
users must titrate about 50 mg of the Reference Standard 
with a fourfold dilution of the reagent. 

ORDERING USP REFERENCE STANDARDS 

Four convenient ways to order 
I. Phone: Call USP with your requirements: (800) 227-8772 
from the U.S. or Canada and (301) 881-0666 from other 
countries. 

2. Fax: Fax your orders to (301) 816-8148. 
3. Online: Order through the World Wide Web at 
http ://www.usp.org/refstd. Please note that DEA controlled 
substances cannot be ordered online. 

4. Mail: Send all mail orders to: 
U.S. Pharmacopeia 
Customer Service Department 
12601 Twinbrook Parkway 
Rockville, MD 20852, USA 

Order forms and purchase orders 
For fax and mail orders, please use the order form at the back of 
this catalog. Official purchase orders on company letterhead may 
also be used to order USP Reference Standards. The purchase 
orders must have billing and shipping addresses and should 
include the catalog number, the name of the official Reference 
Standard, and the number of units ordered. Lot numbers need 
not be specified on written purchase orders as USP only ships 
current official lots. 

Pricing 
USP Reference Standards must be ordered in whole units. Please 
note that one unit may include several individual containers. 

Reference Standards unit prices included in the product listings 
from pages 5-31 of this catalog are effective until December 31, 
2003. Please note that prices and package sizes are subject to 
change without notice. 

No Returns or Exchanges 
USP Reference Standards may not be returned or exchanged for 
refund. 

Quantity Discounts 
A 5% discount is allowed for 5-24 units of any one Reference 
Standard in a single order, and a 10% discount for 25 or more 
units of any one Reference Standard in a single order. These 
discounts are subject to change without notice. 

Shipping 
• Reference Standards orders can only be shipped to a street 

address and not to P.O. boxes. 
• Orders to the U.S. and Ontario, Canada are shipped via air 

courier ofUSP's choice at a charge of $9 or via air courier 
of the customer's choice at a charge of $25. 

• Non-controlled substance orders to Canadian provinces 
other than Ontario are shipped via air courier of USP's 
choice at a charge of U.S. $60. 

• Non-controlled substance orders to be shipped outside the U.S. 
and Canada are accepted directly by USP only when customs 
forms related to export are not required. They are shipped via 
air courier ofUSP's choice at a charge of U.S. $60. 

Search the latest USP Reference Standards e-catalog and order online at www.usp.org/refstd/. 
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USING AND ORDERING USP REFERENCE STANDARDS 

• Shipping in cold pack can be done at customer request for 

an extra charge. 

• Controlled substance orders to anywhere outside the U.S . are 

shipped via air courier with an additional charge of U.S. $195 . 

• An additional shipping charge may be assessed for 

dangerous goods shipments. 

• An additional shipping charge of $25 may be assessed for 

same-day shipments . 

Payment 
• Full payment in advance, in U.S. dollars, is required for all U.S. 

orders unless open account status has been granted by USP's 

Finance Department. To apply for open account status, an 

application can be requested by calling (301) 816-8177. 

• Full payment in advance, in U.S. dollars, is required for all 

non-U.S. orders. 

• Payment may be made by check, money orders, credit cards 

(VISA, MasterCard, American Express), and electronic wire 

transfer (please call (301) 816-8177 to get bank information for 

wire transfers). The customer is responsible for any bank fees 

and must include it in the payment. The customer is also 

responsible for any other fees such as customs duties, taxes, or 

tariffs. 

List Chemicals 

The following Reference Standards are "List Chemicals": 

Dihydroergotamine Mesy late 

* Ephedrine Sulfate 

Ergonovine Maleate 

Ergotamine Tartrate 

Methylergonovine Maleate 

Phenylpropanolamine Bitartrate 

Phenylpropanolamine HCI 

Pseudoephedrine HCI 

Pseudoephedrine Sulfate 

An organization in the United States seeking to purchase a List 

Chemical Reference Standard for resale to another customer 

must have a DEA registration (either a controlled substance or 

List Chemical registration). If an organization in the United 

States is purchasing the List Chemical Reference Standard for its 

own analytical use, it must provide USP with a letter on 

company letterhead describing the reason for the purchase. 

* Shipping this list chemical internationally requires a 15-day 

waiting period, but does not require an import permit. 

CONTROLLED DRUG SUBSTANCE ORDER 

DEA Requirements (U.S. Orders) 

For all orders for controlled drug substances-regulated by the 

U.S. Drug Enforcement Administration (DEA}-to be shipped 

within the U.S., a copy of the customer's current DEA 

Registration Certificate must be on file with USP. To order 

Schedule I and II standards, customers must submit, with their 

order forms or purchase orders, a DEA Form 222-C, properly 

completed . In addition, customers ordering DEA Schedules III 

and IV must provide appropriate DEA registration numbers for 

those schedules on their order forms or purchase orders. 

DEA Requirements (International Orders) 

For all international controlled drug substance orders, please 

contact Julie Smith at (301) 816-8164 or juls@usp.org. 

All orders for controlled drug substances-regulated by the U.S. 

Drug Enforcement Administration (DEA)-to be shipped 

outside the U.S. must be accompanied by: 

I . Full payment. 

2. An import permit (in English or with an English 

translation attached) valid at least 6 months from the 

date of its receipt by USP Customer Service. 

3. A statement of non-reexport and use for medical or 

scientific purposes (in English or with an English 

translation attached). 

4. Purchase Order or Price Quote given by USP. 

On receiving the order, USP takes 2-3 business days to: 

• Review all documents to make sure they are adequate 

and appropriate. 

• Complete and legally approve the required DEA forms. 

• Forward the forms to the DEA office to obtain the 

necessary Export Permits. 

USP cannot ship items without an Export Permit. While it typically 

takes 6-10 weeks to get the permit from the DEA, USP has no 

control over the time in which permits are issued. On receiving 

the Export Permit, USP completes processing of the order in 1-3 

days and ships out the materials through its freight forwarder. 

Controlled substances (Cl, CII, Clll, CIV, CV) shipped to an 

international address, including Canada, add $25 per unit. 

For controlled substance orders to be shipped to Mexico, in 

addition to the DEA processing period, an additional week is 

required to obtain a certificate from the Mexican Embassy, 

Search the latest USP Reference Standards e-catalog and order online at www.usp.org/refstd/. 
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authorizing the shipment to enter the country. Customers will 

pay an additional $114 to cover the fee charged by the Mexican 

Embassy per import permit. 

Back Orders 

USP will ship a back-ordered item if that item becomes available 

within 30 days of the date the order is placed if there is a valid 

open P.O. or payment for the item. If the order is more than 30 

days old when the item becomes available, the customer will 

receive a Notice of Availability (NOA), indicating that the item 

is available. Such items will be shipped only after USP receives 

written authorization by the customer. The order will be 

canceled if the Reference Standard does not become available 

within six months of the original order. 

Customers may send confirmation orders for back-ordered 

Reference Standards that subsequently become available. They 

must clearly designate the confirmation orders as such-USP is 

not responsible for duplication of orders not clearly designated. 

Search the latest USP Reference Standards e-catalog and order online at www.usp.org/refstd/. 
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HOW TO READ PRODUCT LISTINGS 

Column 1 (Catalog Number): Catalog number currently assigned 

to each Reference Standard and Authentic Substance. Please 

include this number in your orders. 

Column 2 (Former Catalog Number): Catalog numbers assigned 

prior to July 2002. These numbers are provided for your 

convenience so you can easily cross-reference current numbers 

against your earlier orders. 

Column 3 (Description): Product description as designated in 

USP- NF, the product label, and/or the Drug Enforcement 

Administration Control Schedule, as applicable. The quantity of 

material per container follows the name in parentheses (all materials 

are in single containers unless otherwise specified). 

Column 4 (Current Lot): Current lot designation of each official 

item being distributed as of the date of this catalog. If the current lot 

is blank, the item is not in distribution .. 

Column 5 (Change Code): Codes that identify any change in USP 

Reference Standards status or information since the Nov./Dec. 2002, 

official Catalog. Code interpretations are as follows: 

Change 

Code 

1 

2 
3 
4 

5 
6 

7 

8 

9 

10 

II 

Interpretation 

New Reference Standard 

New lot 

Change in package size or description 

Correction of typographical error 

New catalog number-use for all orders 

Previous lot no longer official; only current lot to 

be used 

Valid use date of previous lot extended 

Change in catalog number and/or name, see cross

reference section 

Discontinued 

Special pricing in effect 

Valid use date added for previous lot; next lot in 

preparation. 

Column 6 (Previous Lot/Valid Use Date): Identifies lots no longer 

being distributed. The indicated month and in parenthesis indicates 

the date (last day of the month) through which that lot was valid as 

an official USP Reference Standard. (e.g. "F-1 (06/00)" means lot 

F-1 is no longer being distributed, but was considered official 

through June 30, 2000.) 

(Column 7) CAS Number•: Chemical Abstracts Service number, 

when available, for USP Reference Standards and Authentic 

Substances. ln case of mixtures, typically, the CAS number of the 

analyte of interest is listed. 

Column 8 (Price) lists the price of the reference standard. 

• CAS numbers are provided for informational purposes only and 

their listing in the USP Reference Standards Catalog does not 

indicate official designation of any CAS number to a salt, isomer, 

hydration state, or other chemical form of any specific Reference 

Standard or Authentic Substance. 

Your official site for drug standards information. www.usp.org 
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Development Process for USP Reference Standards 

New monograph New application for an existing 
Reference Standard 

Bulk material is obtained 

Material is tested and characterized through 
collaborative testing involving a minimum of3 

labs-industry, FDA, and USP 

Data from the collaborative study are reviewed 
by USP staff scientists 

Compilation of collaborative study is sent to the USP 
Reference Standards Committee for evaluation 

USP Reference Standards Committee accepts, recommends 
further testing, or rejects the material 

Once approved, the material is subdivided and labeled 

Material passes through a series of quality control checks 
before release into USP inventory for distribution 

Online ordering. www.usp.org 
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USP and FCC Reference Standards and Authentic Substances 
- Previous 

cat. 
Former Curr. Change Lot/Valid CAS 
Cat. No. Description Lot Code* Use Date No. Price 

No, 
1000601 00060-1 Acebutolol Hvdrochloride (125 mq) F-1 [34381-68-51 $150 

1001003 00100-3 Acenocoumarol (200 mq) F [152-72-7] $150 

1001502 00150-2 Aceoromazine Maleate (250 mq) F-2 F-1 (05/02) [3598-37-61 $150 

1003009 00300-9 Acetaminophen (400 mg) J-1 J (05/02) [103-90-2] $119 

I (05/99) 
,· ~ 

00400-1 Acetanilide Melting Point Standard (500 mg) 1004001 L K (02/00) [103-84-4] $72 

~i 
(Aooroximatelv 114 deqreesl 

1005004 00500-4 Acetazolamide (2 q) J [59-66-5] $150 

~· • 1006007 00600-7 Acetohexamide (250 mq) H G-1 (06/99) [968-81-0] $150 

~:t 
1006506 00650-6 Acetohydroxamic Acid (200 mg) F-1 F (12/01) [546-88-3] $150 

~ 
00700-0 Acetoohenazine Maleate (200 mq) F-1 [5714-00-1 l $150 ,, 1007000 ... 

1008002 00800-2 alpha-d-2-Acetoxy-4-dimethylamino-1 ,2-diphenyl-3- G-3 n/f $468 

' 
methylbutane (125 mg) 

1008501 00850-1 Acetylcholine Chloride (200 mq) G [60-31-11 $150 

' 1009005 00900-5 Acetvlcvsteine (200 ma) H [616-91-11 $150 
; 

1009901 00990-1 Acetyltributvl Citrate (500 mq) F [77-90-7] $150 

1009923 00992-3 Acetvltriethvl Citrate (500 mq) F-1 F (05/02) [77-89-41 $150 
, ... 

1012065 01206-5 Acyclovir (300 mg) I (59277-89-3] $189 

i", 1012101 01210-1 Adenine (200 mq) G-1 G (6/00) [73-24-51 $150 

' 1012123 01212-3 Adenosine (200 mg) F1B058 F (04/03) [58-61-71 $150 

1012145 01214-5 Aqiqenin (25 mq) F n/f $150 

1012509 01250-9 L-Alanine (200 mq) F-2 F-1 (04/01) (56-41-7] $150 
. 
' 

1012553 01255-3 Albendazole (200 mq) G F-1 (01/00) [54965-21-81 $150 

1012600 01260-0 Albuterol (200 mq) I H(12/00) [18559-94-9] $150 
.., 

1012633 01263-3 Albuterol Sulfate (200 mq) J I (04/00) [51022-70-91 $150 

1012757 01275-7 Alclometasone Dipropionate (300 mq) H G (01/00) (66734-13-2] $150 
; 

1012906 01290-6 Alfentanil Hvdrochloride CII (500 mq) F0B016 [70879-28-61 $173 

1012950 
' 

01295-0 Alliin (25 mg) F [556-27-41 $1,466 

1013002 01300-2 Alloourinol (250 mq) 1-1 I (07/02) [315-30-01 $150 

. 1013024 01302-4 Allopurinol Related Compound A (50 mg) (3-Amino-4- G F-3 (05/02) n/f $468 

' carboxamidopyrazole Hemisulfate) F-2 (04/99) 

1013057 01305-7 S-Allvl-L-Cvsteine (25 mg) F n/f $468 

1014005 01400-5 Alphaprodine Hydrochloride CII (250 mq) F [561-78-41 $173 

1015008 01500-8 Alprazolam CIV (200 mq) H [28981-97-71 $173 

1016000 01600-0 Alprostadil (25 mg) H [745-65-3] $1,466 

1017105 01710-5 Altretamine (500 mal F [645-05-61 $150 

1 1017502 01750-2 Dried Aluminum Hydroxide Gel (200 mq) F-1 [21645-51-21 $150 

; 1018505 01850-5 Amantadine Hvdrochloride (200 ma) H G (04/01) [665-66-71 $150 
•. 1019202 01920-2 Amcinonide (200 mq) F-1 [51022-69-61 $150 

1019508 01950-8 Amikacin (200 mq) I H (08/00) [37517-28-5] $150 

1019701 01970-1 Amiloride Hvdrochloride (500 mq) H r 11440-83-41 $150 

· 1019756 01975-6 Aminobenzoate Potassium (200 mg) F-1 F (06/01) [138-84-1] $150 

' J019767 01976-7 Aminobenzoate Sodium (200 mq) F [55-06-61 $150 

1019803 01980-3 p-Aminobenzoic Acid (200 mq) H G (10/00) (150-13-0] $150 

J.020008 02000-8 Aminobutanol (500 ma) G-1 G (06/99) [13054-87-01 $374 

1021000 02100-0 Aminocaproic Acid (200 mq) F-4 [60-32-21 $150 

1021703 02170-3 N-(Aminocarbonyl)-N-[([5-nitro-2-furanyl]-methylene)- F-1 n/f $468 

- aminol-alvcine (25 ma) 

'See page I for Change Code Interpretation www.usp.org Note: Where the Current Lot is blank the item is not in distribuf 10n 

-
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USP and FCC Reference Standards and Authentic Substances 
I Previous 

Cat Former Curr. Change LoWalid CAS 
No. Cat. No. Description Lot Code* Use Date No. Price 

1022808 02280-8 2-Amino-5-chlorobenzoohenone (25 mg) I H-1 (01/03) 1719-59-51 $468 
1023403 02340-3 3-Amino-6-chloro-1-methvl-4-ohenvlcarbostyril (25 ma) I H (04/01) [5220-02-0] $468 
1025205 02520-5 Aminoglutethimide (200 mg) F 1125-84-81 $150 
1025307 02530-7 m-Aminoalutethimide 1100 ma) G F (05/01) n/f $468 
1025351 02535-1 Aminohioouric Acid {200 ma) F-1 [61-78-9] $150 
1025806 02580-6 2-[3-Amino-5-(n-methylacetamido)-2,4 ,6- F n/f $468 

triiodobenzamidol-2-deoxv-d-q lucose {25 mq) 

1026004 02600-4 m-Aminophenol (300 mg) F 1591-27-51 $468 
1026401 02640-1 Aminosalicylic Acid {125 mq) F-1 F (03/99) [65-49-6] $119 
1026605 02660-5 3-Amino-2,4,6-triiodobenzoic Acid (50 mq) G 13119-15-11 $468 
1027007 02700-7 5-Amino-2,4,6-triiodo-N-methYlisoohthalamic Acid (50 mg) F-1 [2280-89-91 $468 
1029002 02900-2 Amitriotvline Hydrochloride (200 mq) JOA004 I (03/03) 1549-18-81 $150 
1029909 02990-9 Ammonia Methacrvlate Cooolymer TYoe A (100 mg) F-1 F (06/01) [33434-24-11 $150 
1029910 02991-0 Ammonia Methacrvlate Cooolymer Tyoe B 1100 ma) F-1 F {05/00) [33434-24-1] $150 
1030001 03000-1 Amobarbital CII (200 mg) F-2 [57-43-21 $173 
1031004 03100-4 Amodiaauine Hydrochloride (500 mg) G-1 (04/03) [6398-98-71 $150 
1031401 03140-1 Amoxaoine (200 ma) G F-1 (04/02) [14028-44-5] $150 
1031503 03150-3 Amoxicillin (200 mq) I 161336-70-71 $150 
1032007 03200-7 Amohotericin B (125 mg) J-2 J-1 (07/02) 11397-89-31 $119 
1033000 03300-0 Amoicillin (Anhydrous) (200 ma) J-1 J {12/01) 169-53-41 $150 
1033203 03320-3 Ampicillin Sodium (125 mg) G-1 G (10/99) [69-52-3) $119 
1033407 03340-7 Ampicillin (Trihvdrate) (200 mq) G 17177-48-21 $150 
1034002 03400-2 Amprolium (200 ma) F-1 F (04/02) [121-25-5] $150 
1034308 03430-8 Amrinone (500 mg) G [60719-84-8) $150 
1034320 03432-0 Amrinone Related Compound A (100 mg) (5- F [627 49-46-6] $150 

carboxamidel3,4'-bioYridinl-6(1 Hl-one) 

1034341 03434-1 Amrinone Related Compound B (100 mg) (N-(1 ,6-dihydro- F-1 F (03/00) n/f $468 
6-oxo-(3,4'-bipyridine)-5-yl)-2-hydroxvpropanamide) 

1034363 03436-3 Amrinone Related Compound C (50 mg) (1,6-dihydro-6- F-1 F (05/00) n/f $150 
oxo-(3,4'-bioYridine)-5-carbonitrile) 

1036008 03600-8 Anileridine Hydrochloride CII (250 mg) F 1126-12-51 $173 
1036507 03650-7 3-Anilino-2-(3,4,5-trimethoxybenzyl) acrylonitrile (25 mg) G-1 [30078-48-9) $468 
1038003 03800-3 Antazoline Phosphate (200 mq) H G-1 (04/02) 1154-68-71 $150 
1039006 03900-6 Anthralin 1200 ma) 10B221 2 H (11/02) 11143-38-01 $150 
1040005 04000-5 Antipyrine (200 mg) G F-4 (09/01) 160-80-01 $150 
1040708 04070-8 Apiaenin-7-alucoside (30 ma) F n/f $468 
1041008 04100-8 Apomorphine Hydrochloride (250 mQ) H G (01/03) 141372-20-71 $156 
1041609 04160-9 Aoraclonidine Hydrochloride (100 ma) H0B112 2 G (06/03) 173218-79-81 $461 
1042000 04200-0 AProbarbital cm (200 mal /ASl F-1 177-02-11 $173 
1042500 04250-0 L-Arginine (200 mg) G-1 G (09/00) 174-79-31 $150 
1042601 04260-1 Arqinine Hydrochloride (125 mQ) GOB060 F-1 (05/03) 11119-34-21 $119 
1042703 04270-3 Arsanilic Acid (25 mQ) F [98-50-01 $150 
1043003 04300-3 Ascorbic Acid (1 Q) Mtamin C) QOB012 P (04/03) 150-81-71 $150 
1043706 04370-6 Aspartame (200 ma) H1B125 H {05/03) 122839-4 7-01 $150 
1043728 04372-8 Aspartame Related Compound A (75 mg) (5-Benzyl-3,6- H G-1 (10/99) [5262-10-2] $468 

dioxo-2-oioerazineacelic Acid) 

1043819 04381-9 Aspartic Acid (100 mg) FOB087 [6899-03-21 $150 
1044006 04400-6 Aspirin (500 ma) H G-1 (11/02) 150-78-21 $150 
1044301 04430-1 Astemizole (200 ma\ F 168844-77-91 $150 

*See page 1 for Change Code Interpretation www.usn.&rg Note: Where the Current Lot is blank the item is not in distributioll 
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cat Former Curr. Change LoWalid CAS 

No. 
Cat. No. Description Lot Code* Use Date No. Price 

1044403 04440-3 Atenolol (200 mo) H G /08/01) 129122-68-71 $150 

1044651 Atovaquone (200 mg) F0B190 [95233-18-41 $150 
-

1044662 Atovaquone Related Compound A (25 mg) (cis-2-(4-(4- F0B188 n/f $468 

chlorophenyl\cvclohexvll-3-hyd roxv-1 ,4-naphthoq uinone) 

1044800 Atracurium Besvlate (100 mo) F0B143 1 164228-81-51 $150 

1045009 04500-9 Atropine Sulfate (500 mg) M0B098 L-2 (04/03) (5908-99-6] $150 

L-1 (06/02) 

L/10/00) 

1045337 04533-7 Avobenzone (500 mo) F (09/03) 170356-09-11 $150 

1045508 04550-8 Aurothioglucose (100 mg) H0B224 2 G (10/03) (12192-57-3] $150 

F (12/01) 

1045600 04560-0 Azaerythromycin A (100 mg) G F-1 (02/02) (76801-85-9] $150 

F (02/99) 

1045756 04575-6 Azaperone (200 mo) F 11649-18-91 $150 

1045803 04580-3 Azatadine Maleate (200 mq) F-1 F (06/00) [3978-86-7) $150 

1046001 04600-1 Azathioprine (200 mo) H G-1 (02/00) 1446-86-61 $150 

1046056 04605-6 Azithromycin (100 mg) G F (06/00) 1117772-70-01 $150 

1046103 04610-3 Azlocillin Sodium (200 mq) F [37091-65-91 $150 

1046147 04614-7 Azoaminoolutethimide (100 mo) F n/f $468 

1046205 04620-5 Aztreonam (200 mq) F-1 [78110-38-0] $150 

1046307 04630-7 Aztreonam E-isomer (50 mo) F n/f $150 

1046409 04640-9 Open Rinq Aztreonam (50 mq) F [87500-7 4-1 I $150 

1047300 04730-0 Bacampicillin Hvdrochloride (200 mo) G0B053 F (11/02) 137661-08-81 $150 

1047503 04750-3 Bacitracin (1 q) (Susceptibility disk standard) G [1405-87-4) $150 

1048007 04800-7 Bacitracin Zinc (200 mg) N0A024 M-1 (11/02) (1405-89-6] $150 

M (02/00) 

1048200 04820-0 Baclofen (500 mq) I [1134-47-0) $150 

1048222 04822-2 Baclofen Related Compound A (50 mg) (4-(4- H n/f $374 

Chloroohenvll-2-ovrrolidinone) 

1048506 04850-6 Beclomethasone Dipropionate (200 mq) K J (12/00) [5534-09-8) $150 

1049000 04900-0 Bendroflumethiazide (200 mq) G-1 173--48-31 $150 

1050009 05000-9 Benoxinate Hydrochloride (200 mq) F-2 F-1 (10/99) [5987-82-6] $119 

1051001 05100-1 Benzalkonium Chloride (5 ml of approx. 10% aqueous K0B151 2 J (06/03) (8001-54-5] $150 

solution) 

1054000 05400-0 Benzocaine (500 mo) I 194--09-71 $150 

1055002 05500-2 Benzoic Acid (300 mq) F-5 F-4 (07/01) [65-85-0] $150 

1056005 05600-5 Benzonatate (1 q) 10B003 H (01/03) [104-31-4) $150 

1056504 05650-4 1,4-Benzoquinone (200 mg) G F-1 (11/01) (106-51-4] $150 

F /09/00) 

1057507 05750-7 Benzothiadiazine Related Compound A (100 mg) H0B069 G-4 (03/03) (121-30-2] $468 

/ 4-Amino-6-chloro-1 ,3-benzenedisulfonamide) 

1059003 05900-3 Benzphetamine Hydrochloride CIII (200 mg) (AS} F-1 [5411-22-3 l $173 

1060002 06000-2 Benzthiazide (200 mq) F [91-33-81 $150 

1061005 06100-5 Benztropine Mesylate (200 mg) H [132-17-2) $150 

1061901 06190-1 Benzyl Alcohol (500 mg/ampule) F0B106 (100-51-6] $150 

(10/03) 

1062008 06200-8 Benzvt Benzoate (5 q) I [120-51-4] $150 

1064003 06400-3 1-Benzvl-3-methvl-5-aminoovrazole Hvdrochloride (25 mo) F-1 159-63-21 $468 

1065006 06500-6 Bephenium Hvdroxvnaphthoate (500 mq) F [3818-50-6] $150 

*See page 1 for Change Code Interpretation www.usp .org Note: Where the Current Lot is blank the item is not in distribution 
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1065709 06570-9 Betaine Hvdrochloride (200 mg) F-1 F (11/02) 1590-46-51 $150 

1066009 06600-9 Betamethasone (200 mg) K-1 K (11/02) [378-44-91 $150 

1067001 06700-1 Betamethasone Acetate (500 mq) J0B079 2 I (08/03) (987-24-61 $150 

1067307 06730-7 Betamethasone Benzoate (200 mg) F-1 [22298-29-91 $150 

1067704 06770-4 Betamethasone Diorooionate (125 mq) J I (03/99) [5593-20-41 $119 

1068004 06800-4 Betamethasone Sodium Phosphate (500 mg) J0B043 1-1 (02/03) (151-73-5] $150 

I (01/01) 

1069007 06900-7 Betamethasone Valerate (200 mq) J I (05/00) [2152-44-51 $150 

1069903 06990-3 Betaxolol Hydrochloride (200 mg) G F-1 (06/00) 163659-19-81 $150 

1070006 07000-6 Betazole Hvdrochloride (200 mg) H [138-92-11 $150 

1071009 07100-9 Bethanechol Chloride (200 mq) G F-3 (07/01) [590-63-61 $150 

1071304 07130-4 Bile Salts (10 g) (Sodium Taurocholate) H-1 H (05/99) 1145-42-61 $119 

1071508 07150-8 Biotin (200 mg) H1B019 H (04/03) 158-85-51 $150 

1072001 07200-1 Bioeriden (200 mq) F-1 [514-65-81 $150 

1073004 07300-4 Bioeriden Hydrochloride (200 mq) F-3 F-2 (06/99) [1235-82-1 l $150 

1074007 07400-7 Bisacodyl (125 mg) I H-1 (02/99) 1603-50-91 $119 

1074700 07470-0 2,5-Bis(D-arabino-1,2,3,4-tetrahydoxybulyl)pyrazine F n/f $468 

(25mq) 

1075203 07520-3 Bis(2-ethylhexyl)maleate (250 mg) F-2 F-1 (01/01) [142-16-51 $468 

1075509 07550-9 o-Bis(di-n-oroovllcarbamvlbenzenesulfonamide (50 mg) F (57-66-91 $468 

1075531 07553-1 Bismuth Citrate (100 mg) F 1813-93-41 $150 

1075553 07555-3 Bismuth Subsalicvlate (100 mq) F [14882-18-91 $150 

1075757 07575-7 Bisoprolol Fumarate (200 mg) F0B038 [104344-23-21 $150 

1076002 07600-2 4 ,4'-Bis(1 , 2,3 ,6-tetrahydro-4-(2-oxo-1-benzimidazolinyl)- G (05/03) n/f $468 

1-ovridvllbutvroohenone (25 mq) 

1076308 07630-8 Bleomycin Sulfate (15 mq) I [9041 -93-41 $295 

1076352 07635-2 Bretylium Tosylate (200 mg) F-1 (61 -75-6] $150 

1076501 07650-1 Bromocriptine Mesylate (150 mg) I [22260-51-11 $150 

1077005 07700-5 Bromodiohenhydramine Hvdrochloride (200 mg) F-1 11808-12-41 $150 

1077708 07770-8 8-Bromotheophylline (400 mg) G F (07/02) [10381-75-61 $150 

1078008 07800-8 Brompheniramine Maleate (125 mg) 11A036 I (01/03) (980-71-2] $119 

H-1 (04/99) 

1078303 07830-3 Bumetanide (250 mg) H0B030 G (03/03) (28395-03-11 $150 

1078325 07832-5 Bumetanide Related Compound A (25 mg) (3-Amino-4- F-2 F-1 (05/00) n/f $468 

ohenoxv-5-sulfamovlbenzoic Acid) 

1078336 07833-6 Bumetanide Related Compound B (25 mg) (3-Nitro-4- F-2 [28328-53-2] $468 

phenoxv-5-sulfamoylbenzoic Acid) 

1078507 07850-7 Bupivacaine Hydrochloride (1 g) H G-2 (03/03) [14252-80-3] $150 

G-1 (08/02) 

1078700 07870-0 Buprenorphine Hydrochloride CIII (50 mg) F-1 3 F (02/99) (53152-21-91 $173 

1078711 07871-1 Buprenorphine Related Compound A (50 mg) (21-(3-(1- F n/f $150 

propenyl)]-7-alpha-( (S)-1-hydroxy-1,2,2-trimethylpropyl]-

6, 14-endo-ethano-6, 7,8, 14-tetrahvdroorioavine) 

1078802 07880-2 Busoirone Hydrochloride (200 mg) G [33386-08-21 $150 

1079000 07900-0 Butabarbital CIII (200 mq) G [125-40-61 $173 

1080000 08000-0 Butacaine Sulfate (600 mq) F [149-15-51 $150 

1081002 08100-2 Butalbital CIII (200 mg) G2B077 G-2 (06/03) (77-26-9] $173 

G (05/02) 

1081501 08150-1 Butamben (200 mq) F [94-25-71 $150 

*See page 1 for Change Code Interpretation www.USQ,Qig Note: Where the Current Lot is blank the item is not in distribution 
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', 1082300 08230-0 Butoconazole Nitrate (200 mg) F1B097 F (03/03) [64872-77-1) $150 -
1082504 08250-4 Butorphanol Tartrate CIV (500 mq) J I (06/00) 158786-99-51 $173 

-
1082800 08280-0 Monotertiary-butvl-p-benzoquinone (100 mq) (FCC) F [3602-55-9] $150 

-
1082901 08290-1 Butyl 3-(butylamino)--4-phenoxy-5-sulfamoylbenzoate F-1 n/f $468 -

(25mq) 

: 1083008 08300-8 2-tert-Butvl--4-hydroxyanisole (200 mg) K (09/03) [88-32--4) $150 -
- 1083100 08310-0 3-tert-Butvl--4-hydroxvanisole (200 mo) J 1-1 (09/01) 1121-00-61 $150 

( 1084000 08400-0 Butvlparaben (200 mq) H-1 H (09/01) 194-26-81 $150 
- ; 1085003 08500-3 Caffeine (200 mg) J I (06/02) [58-08-2) $150 
-

1086006 08600-6 Caffeine Melting Point Standard (1 g) (Approximately I [58-08-2) $88 
-

236 deqrees) - ,;; t 1086108 08610-8 Calcifediol (75 mg) G [63283-36-3) $150 
-

"· 1086356 08635-6 Calcium Ascorbate (200 mq) F-1 F (08/01) 15743-28-21 $150 
- ;; 

1086800 08680-0 Calcium Gluceptate (200 mo) F-1 F (09/00) [29039-00-7) $150 
-

1086902 08690-2 Calcium Lactobionate (200 mq) F-1 F(11/01l 1110638-68-11 $150 
-

1087009 08700-9 Calcium Pantothenate (200 mg) (Vitamin B5) N-1 N /06/00\ 1137-08-61 $150 

1087202 08720-2 Calcium Saccharate (200 mo) F 15793-89-51 $150 
- ' 1088001 08800-1 Candicidin (200 mq) F 11403-17--41 $150 -

~ 1089004 08900-4 Cannabidiol Cl (25 mg) (AS) F-2 113956-29-11 $173 
-

!',. 1090003 09000-3 Cannabinol Cl (25 mo) (AS) F-2 (05/02) 1521-35-71 $173 -
1091006 - 09100-6 Capreomycin Sulfate (200 mg) G F (06/01) [1405-37--4) $150 

- ,: 
1091108 09110-8 Capsaicin (100 mg) G-1 G (03/02) [404-86--4) $150 

F-1 (06/00) 

F (03/99) 
-

1091200 09120-0 Captopril (200 mo) H [62571-86-2) $150 
-

1091221 09122-1 Caotooril Disulfide (100 mq) G [64806-05-91 $468 -
' 1092009 09200-9 Carbachol (200 mg) G [51-83-2) $150 - ' 1093001 09300-1 Carbamazepine (100 mq) J 1-1 (02/00) 1298--46--4 l $150 

-
- 1093205 09320-5 Carbarsone (200 mg) F 1121-59-51 $150 

'. 
1093500 09350-0 Carbenicillin lndanvl Sodium (300 mq) G [26605-69-61 $150 

- 1094004 09400-4 Carbenicillin Monosodium Monohvdrate (200 mo) G-2 n/f $150 

I i 1095506 09550-6 Carbidooa (400 mq) I H (10/99) [38821--49-71 $150 -
i j 1095517 Carbidopa Related Compound A (50 mg) (3·0· H0B121 G (04/03) n/f $468 

- Methvlcarbidopa) 

I 1096000 09600-0 Carbinoxamine Maleate (200 mQ) H G-1 (11/02) [3505-38-2] $150 

- 1096407 09640-7 Carboolatin (100 mq) G F /03/00) [41575-94--41 $153 

) ' 1096509 09650-9 Carboprost Tromethamine (25 mo) F-1 F (02/01) [58551-69-21 $468 

- 1096600 09660-0 Carisoprodol (1 Q) G F-2 (05/02) [78-44--4) $150 

L 1096757 09675-7 Carteolol Hvdrochloride (200 mq) F-1 F (11/00) 151781-21-61 $150 

) 1096804 09680-4 Cathinone Hydrochloride Cl (50 mg) (alpha- I [76333-53-4] $468 

Aminopropiophenone Hydrochloride) 

- 1096906 09690-6 Cefaclor (400 mq) H [70356-03-51 $150 

L 1096917 09691-7 Cefaclor, Delta-3 Isomer (30 mo) G F-1 (02/00) n/f $150 

3 1097104 09710-4 Cefadroxil (125 mq) I H /04/99) 166592-87-81 $119 -
Q_ 1097308 09730-8 Cefamandole Lithium (200 mq) H n/f $150 

3 1097400 09740-0 Cefamandole Nafate (200 mg) H [42540--40-9) $150 

- 1097501 09750-1 Cefamandole Sodium (250 mq) F [30034-03-81 $150 

L 1097603 09760-3 Cefazolin (400 mg) K J (06/00) [25953-19-9] $150 

·ibutioo *See page I for Change Code Interpretation www.usp.org Note: Where the Current Lot is blank the item is not in distribuf 100 
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1097658 09765-8 Cefixime (500 ma) F [79350-37-11 $150 

1097771 09777-1 Cefmenoxime Hydrochloride (350 ma) F [75738-58-8] $150 

1097782 09778-2 Cefmetazole (200 mq) F-1 F (04/02) [56796-20-4 1 $150 

1097750 09775-0 Cefonicid Sodium (1 a) G [61270-78-81 $150 

1097705 09770-5 Cefoperazone Oihydrate (200 mq) H G (12/99\ [62893-19-0 1 $150 

1097807 09780-7 Ceforanide (200 mg) F-1 F (07/00) 160925-61 -31 $150 

1097909 09790-9 Cefotaxime Sodium (250 ma) I [64485-93-4] $119 

1097975 09797-5 Cefotetan (500 mq) G F (09/00) [69712-56-71 $150 

1098005 09800-5 Cefotiam HYdrochloride (325 mq) G0B050 F (01/03) [66309-69-11 $150 

1098049 09804-9 Cefprozil E-lsomer (50 ma) F-1 F (05/01) (121123-17-91 $150 

1098050 09805-0 Cefprozil Z-lsomer (200 mq) F [121123-17-91 $150 

1098107 09810-7 Cefoxitin (500 ma) I H (05/00) (35607-66-01 $150 

1098129 09812-9 Ceftazidime, Delta-3-lsomer (25 mq) G F (03/00) n/f $150 

1098130 09813-0 Ceftazidime Pentahydrate (300 mq) H G (12/99) 178439-06-21 $150 

1098173 09817-3 Ceftizoxime (200 ma) H 168401-81-0] $150 

1098184 09818-4 Ceftriaxone Sodium (350 mq) F (08/03) [104376-79-61 $150 

1098195 09819-5 Ceftriaxone Sodium E-lsomer (25 mg) H G (08/01) n/f $150 

F-1 (02/00) 

1098209 09820-9 Cefuroxime Sodium (200 ma) H G-1 (05/00) [56238-63-21 $150 

1098220 09822-0 Cefuroxime Axetil (500 mq) G F-1 (05/02) 164544-07-61 $150 

1098231 09823-1 Cefuroxime Axetil Oelta-3-lsomers (35 mg) H0B160 G (03/03) n/f $150 

1098300 09830-0 Cellulose Acetate (125 mq) F-1 F (11/99) [9004-35-71 $119 

1098355 09835-5 Cellulose Acetate Phthalate (125 ma) F-1 F (03/99) 19004-38-01 $119 

1098708 09870-8 Cephaeline Hydrobromide (200 mq) G-1 n/f $468 

1099008 09900-8 Ceohalexin (250 ma) 1-2 1-1 (03/00) [23325-78-21 $150 

1102000 10200-0 Ceohalothin Sodium (200 mg) I [58-71-9] $150 

1102408 10240-8 Cephapirin Benzathine (100 mq) F [97468-37-61 $150 

1102500 10250-0 Cephapirin Sodium (200 mq) 1-1 I (07/02) [24356-60-3] $150 

1102805 10280-5 Cephradine (200 mq) J I (04/00) 158456-86-31 $150 

1103003 10300-3 Cetvl Alcohol (100 mq) I H (03/99\ (36653-82-41 $150 

1104006 10400-6 Cetylpyridinium Chloride (500 mg) I H-1 (06/01) [6004-24-6] $150 

H (08/99) 

1106001 10600-1 Chlorambucil (125 mg) G F-1 (02/99) [305-03-3] $119 

1107004 10700-4 Chloramohenicol (200 ma) N M (03/00) [56-75-71 $150 

1107300 10730-0 Chloramohenicol Palmitate (200 ma\ G-1 1530-43-81 $150 

1107401 10740-1 Chloramphenicol Palmitate Nonpolymorph A (200 mq) F-1 1530-43-81 $468 

1107503 10750-3 Chloramohenicol Palmitate Polvmoroh A (200 ma) G F (08/99) 1530-43-81 $468 

1109000 10900-0 Chlordiazepoxide CIV (200 mg) 10B063 H-1 (03/03) (58-25-3] $173 

1110009 11000-9 Chlordiazepoxide Hydrochloride CIV (200 mq) G-4 [438-41-51 $173 

1110020 11002-0 Chlordiazepoxide Related Compound A (25 mg) (7-Chloro- G [963-39-3] $468 

1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one 

4-0xide) 

1112503 11250-3 Chlorobutanol (200 mq) G F-3 (12/01) 16001-64-51 $150 

1115556 11555-6 beta-Chloroaenin (20 ma) F n/f $150 

1117008 11700-8 Chloroprocaine Hydrochloride (200 ma) F-3 F-2 (03/99) [3858-89-71 $150 

1118000 11800-0 Chloroauine Phosohate (500 ma) I H (10/99) 150-63-51 $150 

1119309 11930-9 4'-Chloro-3'-sulfamoyl-2-benzophenone Carboxylic Acid F-3 n/f $468 

(100 ma) 

1121005 12100-5 Chlorothiazide (200 ma) H0B161 G (04/03) 158-94-61 $150 

*See page 1 for Change Code Interpretation WWW.USil..:.Qig Note: Where the Current Lot is blank the item is not in distribution 

Ja 

C, 
Ne 
11 

11 

11 

11 

1,1 

1· 

1 · 

1' 
1. 

1 · 

1 · 

1 · 

1' 



n.-Feb. 2003 Official USP Reference Standards Catalog 13 

t 
USP and FCC Reference Standards and Authentic Substances 

Previous 

CIL 
Former Curr. Change LoWalid CAS 

- Cat. No. Description Lot Code* Use Date No. Price 
No. 

f 1122008 12200-8 Chlorotrianisene (1 g) F (569-57-3] $150 

-
1122700 12270-0 Chloroxvlenol /125 ma) F-1 F (10/99) [88-04-01 $119 

-
1122722 12272-2 Chloroxylenol Related Compound A (50 mg) (2-chloro- F-1 [5538-41-0) $468 

- 3, 5-dimethylphenol) 
-

1123000 12300-0 Chloroheniramine Maleate /125 ma\ MOB020 L-1 (06/03) [113-92-81 $119 

-
1123102 12310-2 Chlorpheniramine Maleate Extended-Release Tablets F (06/03) [113-92-8) $150 

- (Drua Release Calibrator, Sinale-Unil) (60 Tablets) 
lll - " 1124003 12400-3 Chlorphenoxamine Hydrochloride (200 ma) F-1 [562-09-4] $150 

- 1 1125006 12500-6 Chlororomazine Hydrochloride /200 ma) J I /04/99\ [69-09-01 $150 

- • 1126009 12600-9 Chlorpropamide (200 ma) H [94-20-2] $150 

-
1127001 12700-1 Chlororothixene (200 mg) F-1 (113-59-7) $150 

- 1129007 12900-7 Chlortetracycline Hydrochloride (200 ma) J-1 J (02/02) 164-72-2] $150 

-
1130006 13000-6 Chlorthalidone /125 ma\ H-1 H (07/99) [77-36-1) $119 

- \ ~ 1130505 13050-5 Chlorzoxazone (500 ma) I H (07/01) 195-25-0] $150 
' -
' 1130527 13052-7 Chlorzoxazone Related Compound A (25 mg) (2-Amino- G-1 G (11/00) [95-85-2) $468 

- 4-chloroohenol) 

1131009 13100-9 Cholecalciferol (30 mg/ampule; 5 ampules) (Vitamin 03) MOB157 2 L (10/03) [67-97-0) $153 
- K (09/99) 
- i; 1131803 13180-3 Delta 4,6-cholestadienol (30 ma) F [14214-69-81 $150 

- I: 
,· 1132001 13200-1 Cholestervl Caprylate (200 ma) F [1182-42-9] $150 

-
1133004 13300-4 Cholestvramine Resin (500 ma) I [11041-12-61 $119 

-
1133503 13350-3 Cholic Acid (2 g) (AS) F3B159 F-2 (01/03) 181-25-4] $150 

-
1133638 13363-8 Chromium Picolinate (100 ma) F I 14639-25-91 $150 

-
1134007 13400-7 Chvmotrvosin (300 mg) I H (06/01) 19004-07-3] $150 

-
1134030 13403-0 Ciclopirox Olamine (125 mq) G /05/03\ 141621-49-21 $119 

-
1134051 13405-1 Cilastalin Ammonium Salt (100 mg) F-1 F (07/00) n/f $150 

-
1134062 13406-2 Cimelidine (200 mq) I 151481-61 -91 $150 

-
1134073 13407-3 Cimetidine Hvdrochloride (200 ma) F [70059-30-2) $150 

-
1134109 13410-9 Cinoxacin (200 mq) F [28657-80-91 $150 

-
1134313 13431-3 Ciprofloxacin (125 mQ) G-1 G (05/01) 185721-33-1 l $119 

1134324 13432-4 Ciprofloxacin Ethylenediamine Analog (25 mg) JOA030 I (01/03) n/f $150 
- H-1 (02/99) 
-

1134335 13433-5 Ciorofloxacin Hydrochloride (400 ma) H G (04/00) [86393-32-0) $150 
- 1134357 13435-7 Cisplatin (100 mQ) H G (03/01) [15663-27-1 l $150 
- 1134368 13436-8 Citric Acid (200 mq) F-1 F (07/02) [77-92-9) $150 
- 1134379 13437-9 Clarithromycin (75 ma) F-3 F-2 (09/01) 181103-11-9) $150 
- 1134380 13438-0 Clarithromycin Related Compound A (50 mg) (6,11-di-O- G F (04/01) n/f $150 
-
' 

methvlervthromvcin Al 
- 1134404 13440-4 Clavam-2-carboxvlate Potassium (1 Pellet) GOB225 2 F /10/03) n/f $468 
; 

1134426 13442-6 Clavulanate Lithium (200 mQ) I H (09/02) n/f $150 

1134506 13450-6 Clemastine Fumarate (250 ma) I H (10/00) [14976-57-9] $150 
-
I 1135000 13500-0 Clidinium Bromide (2 Q) G 13485-62-91 $150 
-
I 1135021 13502-1 Clidinium Bromide Related Compound A (250 mg) I [76201-95-1 J $468 
-
I (3-Hydroxv-1-methylauinuclindinium Bromide) 
-
I 1136002 13600-2 Clindamycin Hydrochloride (200 mg) G4A017 2 G-3 (07/03) [58207-19-5) $412 
-
I 

G-2 (05/99) 

1137005 13700-5 Clindamycin Palmitate Hydrochloride (200 ma) F-2 125507-04-41 $412 

-
-

bution *See page l for Change Code Interpretation www.usp.org Note: Where the Current Lot is blank the item is not in distribut ion 
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1138008 13800-8 Clindamycin Phosphate (125 mg) H-3 H-2 (07/03) (24729-96-2] $206 

H-1 /02/99) 
1138201 13820-1 Clioquinol (500 mg) M L-1 (01/03) [130-26-71 $150 
1138405 13840-5 Clobetasol Propionate (200 mq) F-1 F (10/01) (25122-46-7) $150 
1138427 13842-7 Clobetasol Propionate Related Compound A (50 mg) F-1 F (01/03) nit $150 

(9-alpha-fluoro-11 -beta-hydroxy-16-beta-methyl-3-oxo-
androsta-1,4-diene-17( R)-spiro-2'-[4'-chloro-5'-ethylfuran-
3'(2'H)-onel) 

1138507 13850-7 Clocortolone Pivalate (200 mg) G [34097-16-0] $150 
1138904 13890-4 Clofazimine (200 mq) F 12030-63-9] $150 
1139000 13900-0 Clofibrate (1 q) I H (04/01) [637-07-01 $150 
1140000 14000-0 Clomiphene Citrate (500 mg) H G-1 (10/99) [50-41-9] $150 
1140101 14010-1 Clomiphene Related Compound A (100 mg) ({E,Z)-2- F1B206 2 F (09/03) nit $150 

(4-(1 ,2-diphenylethenyl)phenoxy]-N ,N-diethylethanamine 
Hydrochloride) 

1140305 14030-5 Clonazeoam CIV (200 mq) G F-2 (01/00) [1622-61 -3) $173 
1140327 14032-7 Clonazepam Related Compound A (25 mg) (3-Amino-4- G-1 G (02/99) nit $468 

(2-chloroohenvll-6-nitrocarbostvril) 
1140338 14033-8 Clonazepam Related Compound B (25 mg) (2-Amino-2'- H G (04/01) (2011-66-7] $468 

chloro-5-nitrobenzophenone) 
1140407 14040-7 Clonidine Hvdrochloride /200 mq) G 14205-91 -8) $150 
1140509 14050-9 Clorazepate Dipotassium CIV (125 mg) G0B027 2 F-1 (06/03) I 57109-90-7] $173 

F (12/99) 
1140702 14070-2 Clorsulon (200 mq) F [60200-06-81 $150 
1141002 14100-2 Clotrimazole (200 mq) J I (05/99) [23593-7 5-1 l $119 
1141024 14102-4 Clotrimazole Related Compound A (25 mg) ((o- I H(10/01) (66774-02-5] $468 

chloroohenyl)diohenylmethanol) G-1 /02/99) 
1141909 14190-9 Cloxacillin Benzathine (200 mg) F-1 F (03/02) [23736-58-5] $150 
1142005 14200-5 Cloxacillin Sodium (200 mq) K [7081-44-91 $150 
1143008 14300-8 Cocaine Hydrochloride CII (250 mg) H-2 H-1 (02/99) [53-21-41 $173 
1143802 14380-2 Codeine N-Oxide Cl (50 mq) G0A034 F-1 (11/02) 13688-65-11 $173 
1144000 14400-0 Codeine Phosphate CII (100 mg) 1-1 I (09/02) [41444-62-6] $173 

H-1 (01/00) 
1145003 14500-3 Codeine Sulfate CII (250 mq) H-2 H-1 (01/02) 16854-40-61 $173 
1146006 14600-6 Colchicine /300 mq) J I (05/02) 164-86-8] $150 
1146505 14650-5 Colestipol Hydrochloride (200 mq) F-1 137296-80-31 $150 
1147009 14700-9 Colistimethate Sodium (200 mq) H (8068-28-8) $150 
1148001 14800-1 Col istin Sulfate (200 mq) G-1 G (09/99) [1264-72-81 $150 
1149004 14900-4 Corticotrooin (5.6 Units/vial ; 5 vials) M L (06/99) (9002-60-2) $119 . 
1150003 15000-3 Cortisone Acetate (150 mq) I [50-04-41 $150 
1150353 15035-3 Creatinine /100 mq) F 160-27-51 $150 
1150502 15050-2 Cromolvn Sodium /500 mq) J I (06/00) 115826-37-6) $150 
1150706 15070-6 Crospovidone (200 mq) G [9003-39-81 $150 
1151006 15100-6 Crotamiton /200 mq) H-1 H (07/00) 1483-63-6) $150 
1152009 15200-9 Cyanocobalamin (1 .5 g of mixture with mannitol ; N M-3 (08/99) (68-19-9] $150 

10.7 mcq/mq of mixture) Nitamin B12) 
1152508 15250-8 Cyclacillin /200 mq) G 13485-14-1 l $150 
11 53001 15300-1 Cyclizine (1 g) F [82-92-8] $150 
1154004 15400-4 Cyclizine Hydrochloride (200 mq) G 1303-25-31 $150 

*See page 1 for Change Code Interpretation www.USl2.:Qig Note: Where the Current Lot is blank the item is not in distributioll 
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1154503 15450-3 Cvclobenzaorine Hvdrochloride (200 mg) G0A013 F-3 (07/03) [6202-23-91 $150 

1154558 15455-8 Aloha Cyclodextrin (50 mo) F-1 F (10/00) [10016-20-31 $150 

1154569 15456-9 Beta Cvclodextrin 1250 ma) G F-1 112/02) [7585-39-91 $150 

1154707 15470-7 Cyclomethicone 4 (200 mo) F-2 F-1 (06/02) [69430-24-6 1 $150 

1154809 15480-9 Cyclomethicone 5 (125 mo) F-2 F-1 (09/99) [69430-24-6 1 $119 

1154900 15490-0 Cyclomethicone 6 (200 mg) F28024 F-1 (03/03) [69430-24-61 $150 

1156000 15600-0 Cyclooentolate Hydrochloride (300 mo) H G (04/00) 15870-29-1 l $150 

1157002 15700-2 Cycloohosohamide (500 mol J [6055-19-21 $119 

1157501 15750-1 2-Cvclooroovlmethylamino-5-chlorobenzophenone (50 mg) F [2955-38-61 $468 

1158005 15800-5 Cycloserine (200 mo) G [68-41 -71 $150 

1158504 15850-4 Cyclosporine (50 mg) H-1 H (11/02) [59865-13-3] $461 

G-2 (03/00) 

1158650 15865-0 Cyclosporine Resolution Mixture (25 mg) F [108027-45-8] $396 

(U) 

1159008 15900-8 Cyclothiazide (200 mal F-1 [2259-96-31 $150 

1161000 16100-0 Cyproheptadine Hydrochloride (500 mQ) G F-4 (11/02) [41354-29-41 $150 

1161509 16150-9 L-Cysteine Hydrochloride (200 mal H G (05/00) [7048-04-61 $150 

1162002 16200-2 Cvtarabine (250 mg) G-2 G-1 (07/00) [147-94-4] $150 

1162308 16230-8 Dacarbazine (125 mal H G (01/99) [4342-03-41 $119 

1162320 16232-0 Oacarbazine Related Compound A (50 mg) (5- G F (03/00) [72-40-2] $468 

aminoimidazole-4-carboxamide Hydrochloride) 

1162330 16233-0 Dacarbazine Related Compound B (100 mg) (2- F-1 F(12/01) [63907-29-9] $468 

azahypoxanthine) 

1162400 16240-0 Dactinomycin (50 ma) I [50-76-01 $411 

1162501 16250-1 Danazol (200 mg) H G (10/00) [17230-88-5] $150 

1164008 16400-8 Daosone (125 ma) G-3 G-2 (08/99) [80-08-01 $119 

1164700 16470-0 Oaunorubicin Hydrochloride (100 mg) K (11/03) [23541-50-6] $461 

J (08/00) 

1165000 16500-0 Decamethonium Bromide (250 mg) F [541-22-0] $150 

1166003 16600-3 Deferoxamine Mesvlate 1500 ma) I [138-14-71 $150 

1166309 16630-9 Dehydroacetic Acid (200 mo) F 1520-45-61 $150 

1166400 16640-0 Dehydrocarteolol Hvdrochloride (100 ma) F n/f $468 

1166502 16650-2 Oehydrocholic Acid (200 mo) F [81-23-21 $150 

1169001 16900-1 Demecarium Bromide (250 mal F [56-94-01 $150 

1170000 17000-0 Demeclocycline Hydrochloride (200 mQ) H G-1 (08/01) 164-73-31 $150 

1171003 17100-3 Denatonium Benzoate (200 mg) 108129 H (09/02) [86398-53-0] $150 

1171706 17170-6 Oesacetyl Diltiazem Hydrochloride (50 ma) I H (08/00) [23515-45-91 $468 

1172006 17200-6 Oesipramine Hydrochloride (125 mo) H-1 H (10/99) [58-28-61 $119 

1173009 17300-9 Oeslanoside (100 mg) H-1 [17598-65-11 $150 

1173508 17350-8 Desoximetasone (200 mal G [382-67-21 $150 

1174001 17400-1 Desoxvcorticosterone Acetate (200 mQ) I H (05/00) 156-47-31 $150 

1175004 17500-4 Desoxvcorticosterone Pivalate 1125 mg) G [808-48-0] $119 

1176007 17600-7 Dexamethasone (125 mo) J 150-02-21 $119 

1176506 17650-6 Oexamethasone Acetate (200 mal G F-1 (06/99) [55812-90-3] $150 

1177000 17700-0 Dexamethasone Phosphate (200 mg) J18070 J (08/03) [312-93-6] $150 

I (03/00) 

1178002 17800-2 Dexbromoheniramine Maleate 1200 mal J I (03/03) [2391-03-91 $150 

1179005 17900-5 Dexchlorpheniramine Maleate (500 mo) G1A025 G (12/02) 12438-32-61 $150 

*See page I for Change Code Interpretation www.usp .org Note: Where the Current Lot is blank the item is not in distribution 
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1179504 17950-4 Dexoanthenol (500 mg) I H (02/02) [81-13-01 $154 1179720 Dextran 40 System Suitability (200 ma) F0B181 [9004-54-0] $150 
1179763 Dextran 70 System Suitability (200 mo) F08182 [9004-54-01 $150 1180004 18000-4 Dextroamphetamine Sulfate CII (500 mg) H 7 G (08/03) [51-63-8] $181 

F-6 (12/99) 
1180503 18050-3 Dextromethorohan (2 al H G (06100) [125-71-3] $468 1181007 18100-7 Dextromethorohan Hydrobromide (500 mo) J08167 I (07/03) [6700-34-11 $150 
1181302 18130-2 Dextrose (500 mg) J-1 J (11 /02) [50-99-7] $119 

I (08/99) 
1181506 18150-6 Diacetvlated Monoolycerides (200 ma) G [68990-54-51 $150 1182000 18200-0 Diacetylfluorescein (200 mo) H G (01/02) [596-09-81 $150 1183002 18300-2 Diacetylmorphine Hydrochloride Cl (25 mg) (AS) (Heroin J 1-1 (10/99) [1502-95-0] $173 

Hydrochloride) 
1184005 18400-5 Diatrizoic Acid (100 ma) G [50978-11-51 $150 1184027 18402-7 Diatrizoic Acid Related Compound A (50 mg) (5- I H (02/00) (1713-07-1] $468 

Acetamido-3-amino-2,4,6-triiodobenzoic Acid) 
1185008 18500-8 Diazepam CIV (100 mg) I H (12/01) (439-14-51 $173 
1185020 18502-0 Diazepam Related Compound A (25 mg) (2-Methyl-amino- I H-1 (11/02) [1022-13-5] $468 

5-chlorobenzophenone) H (04/00) 
1186000 18600-0 Diazoxide (200 ma) G 1364-98-71 $150 1187003 18700-3 Dibucaine Hydrochloride (200 mg) I H-2 (01/03) (61 -12-1] $150 1187207 18720-7 Dichloralphenazone CIV (200 mo) F08010 (480-30-81 $173 1188006 18800-6 Dichlorohenamide (200 ma) G-1 1120-97-81 $150 1188800 18880-0 Diclofenac Sodium (200 mg) G-1 G (05/01) [15307-79-61 $150 
1188811 18881-1 Diclofenac Related Compound A (100 mg) (N-(2,6- H G (05/02) [15362-40-0] $471 

dichloroohenvllindolin-2-one) 
1189009 18900-9 Dicloxacillin Sodium (500 mo) 108142 H (05/03) [13412-64-11 $150 
1190008 19000-8 Dicumarol (200 ma) G [66-76-21 $150 
1191000 19100-0 Dicyclomine Hydrochloride (125 mg) H G (03/99) [67-92-51 $119 
1192003 19200-3 Dienestrol (125 ma\ I [84-17-31 $119 
1193006 19300-6 Diethylcarbamazine Citrate (200 mo) G-1 [1642-54-21 $150 
1193301 19330-1 Diethylene Glycol Monoethyl Ether (0.5 mUamoule) F08095 [111-90-01 $150 
1193505 19350-5 Diethyl Phthalate (200 mg) G F-1 (03/00) [84-66-2] $150 1194009 19400-9 Diethylpropion Hydrochloride CIV (200 mq) H [134-80-51 $173 1195001 19500-1 Diethylstilbestrol (200 mg) K-4 [56-53-1) $150 
1197007 19700-7 Diethyltoluamide (3 ol H [134-62-31 $119 
1197302 19730-2 Diflorasone Diacetate (200 ma) G F-1 (03/00) [33564-31 -7) $150 
1197506 19750-6 Diflunisal (200 mq) G [22494-42-41 $150 
1198000 19800-0 Diaitalis (3 g) F [8031-42-3) $150 
1199002 19900-2 Dioitoxin (200 mq) M [71-63-61 $150 1200000 20000-0 Diaoxin (250 mg) O0B096 N-1 /04/03) 120830-7 5-51 $150 1200600 20060-0 Dihydrocapsaicin (50 mg) F-1 F (01/00) [19408-84-5) $150 1200804 20080-4 Dihydrocodeine Bitartrate CII (200 mo) H G (03/01) 15965-13-91 $173 1201002 20100-2 17alpha-Dihydroequilin (50 mg) H [6639-99-2) $150 1202005 20200-5 Dihydroerootamine Mesylate (250 mo) (List Chemical) J08085 I (03/03) 16190-39-21 $150 1203008 20300-8 Dihydrostreptomycin Sulfate (200 mg) J [5490-27-7) $150 1204000 20400-0 Dihydrotachysterol (30 mq/amoule; 4 ampules) I 167-96-91 $150 1204102 20410-2 Dihydroxvacetone (250 mg) F 196-26-4) $150 
1205003 20500-3 Diltiazem Hydrochloride (200 mo) I (33286-22-51 $150 

*See page I for Change Code Interpretation www.US12.:Q.[g Note: Where the Current Lot is blank the item is not in distribution 
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1206006 20600-6 Dimenhydrinate (100 mo) J0B055 I (06/03) [523-87-5] $150 

1208001 20800-1 Dimethisoquin Hydrochloride (2 g) G 12773-92-41 $150 

1210105 21010-5 N-(3-Dimethylamino-propyl)-2-aza-8,8-diethyl-8- F (41992-23-8) $150 

aermaspiro [4:5]decane-1,3-dione (AS) 

1211006 21100-6 Dimethyl Sulfoxide (3 al F-3 F-2 (05/02) [67-68-51 $150 

1213001 21300-1 Dinoprost Tromethamine (50 mg) F [38562-01-5] $1,466 

1214004 21400-4 Dioxvbenzone (150 mo) F (10/03) [131-53-31 $150 

1216000 21600-0 Diohemanil Methylsulfate (500 ma) H [62-97-51 $150 

1217909 21790-9 Diphenhydramine Citrate (125 mg) H0B128 G (04/03) [88637-37-0] $119 

1218005 21800-5 Diohenhydramine Hydrochloride (200 ma) J0B013 I (07/03) [147-24-01 $150 

1219008 21900-8 Diohenoxvlate Hydrochloride CII /200 mal I H /03/02) 13810-80-81 $173 

1220302 22030-2 Dioivefrin Hydrochloride /200 mo) I H (06/99) [64019-93-81 $150 

1220506 22050-6 Dipyridamole (200 mg) H G-1 (01/99) [58-32-2] $150 

1220700 22070-0 Dirithromycin /200 mal F [62013-04-11 $150 

1221000 22100-0 Disodium Guanvlate /300 mal /FCC) F-1 15550-12-91 $150 

1222002 22200-2 Disodium lnosinate (500 mg) (FCC) F (4691-65-0] $150 

1222501 22250-1 Disoovramide Phosohate /200 mal H-1 H (03/02) [22059-60-51 $150 

1223005 22300-5 2,4-Disulfamyl-5-trifluoromethylaniline (125 mal G 1654-62-61 $468 

1224008 22400-8 Disulfiram (200 ma) F-3 F-2 (07/02) [97-77-8] $150 

1224507 22450-7 Dobutamine Hydrochloride /600 mal H-1 H /01/00) 149745-95-11 $150 

1224700 22470-0 Docusate Calcium (500 mo) H0B044 G-1 (07/02) (128-49-4] $150 

1224802 22480-2 Docusate Sodium (500 mg) J 1-1 (05/02) 1577-11-71 $150 

1224904 22490-4 Docusate Potassium (100 mo) F-1 F (11/99) [7 491-09-0] $150 

1225204 22520-4 Dopamine Hydrochloride /200 ma) G F-5 /05/02) 162-31-71 $150 

1225000 22500-0 Doxaoram Hydrochloride (200 mo) F-3 [7081-53-0] $150 

1225500 22550-0 Doxepin Hydrochloride (500 mg) I 11229-29-41 $150 

1225703 22570-3 Doxorubicin Hydrochloride (50 ma) K J (06/02) [25316-40-91 $461 

1226003 22600-3 Doxvcvcline Hyclate (200 mg) I H /01/00) 124390-14-51 $150 

1227006 22700-6 Doxvlamine Succinate (300 ma) H [562-10-7] $150 

1229001 22900-1 Droperidol (250 mg) H-1 H /04/99) 1548-73-21 $150 

1230000 23000-0 Dyclonine Hydrochloride (200 ma) G [536-43-6] $150 

1231003 23100-3 Dydrooesterone (200 mo) H (152-62-5] $150 

1231502 23150-2 Dyphylline (200 mg) G-2 G-1 /11/02) 1479-18-51 $150 

1231808 23180-8 Econazole Nitrate (200 mo) G [68797-31-9] $150 

1232006 23200-6 Edetate Calcium Disodium (200 mg) G-3 G-2 (11/99) [23411-34-9] $150 

1233009 23300-9 Edetate Disodium (200 ma) H G-2 /04/02) [6381-92-61 $150 

1233508 23350-8 Edetic Acid (200 mal F-1 [60-00-41 $150 

1234001 23400-1 Edrophonium Chloride (200 mg) H G (08/99) [116-38-1] $150 

1235004 23500-4 Emeline Hydrochloride (300 mal H0B201 2 G (05/03) 1316-42-7] $150 

1235274 23527-4 Enalaprilat (300 mg) I H (03/01) (84680-54-6) $119 

G (08/99) 

1235300 23530-0 Enalaoril Maleate /200 ma) J I /06/01) 176095-16-4 l $150 

1235503 23550-3 Endotoxin (10,000 USP Endotoxin Units) G-1 G (06/99) n/f $150 

1235809 23580-9 Enflurane (1 mLl G-1 G /02101) 113838-16-91 $150 

1236007 23600-7 Ephedrine Sulfate (200 mg) (List Chemical) H-2 H-1 (11/02) [134-72-5] $150 

1236506 23650-6 4-Epianhydrotetracycline Hydrochloride (50 mg) 1-1 I (06/00) [4465-65-0] $468 

1236801 23680-1 Eoilactose (200 mal G F-1 (06/00) 1103302-12-11 $468 

1237000 23700-0 Epinephrine Bitartrate (200 mg) 0 (51-42-3] $150 

,ution *See page 1 for Change Code Interpretation www.usp.org Note: Where the Current Lot is blank the item is not in distribution 
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1237509 23750-9 Eoitetracvcline Hvdrochloride (200 ma) F 123313-80-61 $468 

1238002 23800-2 Equilin (25 mg} I H-1 (05/00} [474-86-2] $150 

1239005 23900-5 Ergocalciferol (150 mg; 30 mg/ampule; 5 ampules) 0 N (12/99) [50-14-6] $162 

(Vitamin D2) 

1239504 23950-4 Eraoloid Mesvlates /300 ma) I H-1 /01/00) 18067-24-11 $150 

1240004 24000-4 Ergonovine Maleate (100 mg) (List Chemical) N M-1 (07/02) [129-51-11 $150 

1241007 24100-7 Eraosterol /50 mg) H 157-87-41 $150 

1241506 24150-6 Ergotamine Tartrate (150 mg) (List Chemical) H [379-79-31 $150 

1241550 24~55-0 Ergotaminine (100 mg) (List Chemical) F-1 [639-81 -6] $150 

1242000 24200-0 Ervthromvcin /250 ma) M L /08/99) 1114-07-81 $150 

1242010 24201-0 Erythromycin B (1 50 mg) G F-1 (09/01) [527-75-3] $150 

F (05/01) 

1242021 24202-1 Erythromycin C (50 mg) F-3 F-2 (01/03) n/f $150 

F-1 (02/02) 

F (02/99) 

1242032 24203-2 Erythromycin Related Compound N (50 mg) (N- F-1 F (09/99) n/f $150 

Demethvlervthromvcin Al 

1243002 24300-2 Ervthromvcin Estolate (200 ma) H G (01/03) 13521-62-81 $150 

1245008 24500-8 Ervthromvcin Ethvlsuccinate (200 ma) H G-1 (06/01) [1264-62-61 $150 

1246000 24600-0 Ervthromycin Gluceptate (200 mg) H G (07/03) (23067-13-2] $150 

1247003 24700-3 Ervthromvcin Lactobionate (200 mq) H-1 H (01/02) 13847-29-81 $150 

1248006 24800-6 Ervthromycin Stearate (200 mg) H0B187 2 G-1 (05/03) (643-22-1] $150 

1249009 24900-9 Ervthrosine Sodium (100 ma) F 149746-10-31 $150 

1250008 25000-8 Estradiol (500 mg) K1B007 K (04/03) [50-28-2] $150 

1251000 25100-0 Estradiol Benzoate (250 ma) (AS) G-1 150-50-01 $150 

1252003 25200-3 Estradiol Cypionate (200 mg) G-1 G (02/00) [313-06-4] $150 

1254009 25400-9 Estradiol Valerate (100 ma) L K (05/02) [979-32-81 $150 

1254508 25450-8 Estriol /100 ma) J 1-1 (06/01) 150-27-11 $150 

1255001 25500-1 Estrone (200 mg) K1B099 K (07/03) [53-16-7] $150 

J-1 (07/00) 

1255500 25550-0 Estrooioate (350 ma) I H (09/01) 17280-37-71 $150 

1256004 25600-4 Ethacrynic Acid (200 mg) F [58-54-8] $150 

1257007 25700-7 Ethambutol Hvdrochloride (200 ma) H G (08/02) 11070-11-71 $150 

1258305 25830-5 Ethchlorvynol CIV (0. 7 ml) F0B011 [113-18-8] $173 

1260001 26000-1 Ethinyl Estradiol (150 mg) P0B052 P (03/03) [57-63-6] $150 

0 (08/99) 

1261004 26100-4 Ethionamide (200 ma) H0B148 G (03/03) (536-33-41 $150 

1262801 26280-1 Ethooabate (125 ma) F 159-06-31 $150 

1262823 26282-3 Ethopabate Related Compound A (25 mg) (Methyl-4- F n/f $150 

acetamido-2-hydroxybenzoate) 

1263000 26300-0 Ethoorooazine Hvdrochloride (300 mq) G [1094-08-21 $150 

1264002 26400-2 Ethosuximide (125 mg) H G-2 (11/01) [77-67-8] $119 

G-1 (05/99) 

1264501 26450-1 Ethotoin (200 mg) F 186-35-11 $150 

1265005 26500-5 Ethoxzolamide (200 mq) F [452-35-71 $150 

1265504 26550-4 Ethvlcellulose (1 g) H-1 H (06/99) [9004-57-31 $150 

1266008 26600-8 Ethyl Maltol (1 g) (FCC) H [4940-11-81 $150 

1266507 26650-7 Ethvlnoreoineohrine Hvdrochloride (200 mq) F [3198-07-0] $150 

1267000 26700-0 Ethylparaben (200 mg) H 1120-47-81 $150 

*See page 1 for Change Code Interpretation WWW. USQ.,Qig Note: Where the Current Lot is blank the item is not in distributiod 
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1267500 26750-0 Ethvl Vanillin (200 mo) F-1 [121-32-41 $150 

1268003 26800-3 Ethynodiol Diacetate (200 mg) I0A033 H-1 (01/03) (297-76-7] $150 

H (04/01) 

1268502 26850-2 Etidronate Disodium (200 mg) G F-2 (02/03) [7 414-83-71 $150 

1268604 26860-4 Etidronic Acid Monohvdrate (1 ol G F-1 (05/99) [2809-21-4 1 $150 

1268706 26870-6 Etodolac (400 mg) G F(10/01) [41340-25-41 $150 

1268728 26872-8 Etodolac Related Compound A (25 mg) ((±)-8-ethyl-1- F-1 F (05/02) (109518-50-5] $150 

methyl-1,3,4,9-tetrahydropyrano (3,4-beta]-indole-1-acetic 

acid) 

1268808 26880-8 Etoooside (300 mo) G [33419-42-01 $119 

1268820 26882-0 Etoposide Related Compound A (25 mg) (4 '-De- 9 F-1 (01/03) nit $150 

methylepipodophyllotoxin 9-[4,6-O-(R)-ethylidene-alpha-D- F (04/01) 

glucopyranoside) DISCONTINUED, Order# 1268852 

1268852 Etoooside Resolution Mixture (30 mci) F0B209 1 [33419-42-01 $150 

1269006 26900-6 Evans Blue (200 mo\ G [314-13-61 $150 

1269200 26920-0 Famotidine (125 mg) H-1 H (11/02) (76824-35-6] $119 

G (03/99) 

1269389 26938-9 Felodioine (200 mci) F-1 F (09/02) [72509-76-31 $150 

1269390 Felodipine Related Compound A (100 mg) (ethyl methyl 4- F0B207 1 (96302-71-7] $468 

(2,3-dichlorophenyl)-2,6-dimethylpyridine-3,5-

dicarboxylate) 

1269403 26940-3 Fenbendazole (100 mcil F [43210-67-91 $468 

1269505 26950-5 Fenoprofen Calcium (500 mg) G-1 [53746-45-51 $150 

1269550 26955-0 Fenoorofen Sodium (500 mcil G F-1 (05/02) [66424-46-21 $150 

1270005 27000-5 Fentanyl Citrate CII (100 mg) J2B227 2 J-1 (09/03) (990-73-8] $173 

J (05/02) 

I (06/00) 

1270402 27040-2 Finasteride (200 mg) F [98319-26-71 $150 

1270800 27080-0 Flecainide Acetate (200 mol F-1 F (06/03) [54143-56-51 $150 

1270821 27082-1 Flecainide Related Compound A (75 mg) (3-[2,5-bis(2 ,2,2- F n/f $468 

trifluoroethoxy)phenyl]-1 , 5,6, 7 ,8,8a-hexahydroimidazo-

f1,5alovridine Hvdrochloridel 

1271008 27100-8 Floxuridine (250 mci) F-2 F-1 (08/01) [50-91-91 $150 

1272000 27200-0 Flucytosine (200 mg) F [2022-85-71 $150 

1273003 27300-3 Fludrocortisone Acetate (250 mci) H G (08/01\ [514-36-31 $150 

1274006 27400-6 Flumethasone Pivalate (200 mg) I H (01/02) [2002-29-11 $150 

1274505 27450-5 Flunisolide (200 mo) I H (01/01) [77326-96-61 $150 

1274607 27460-7 Flunixin Meglumine (300 mg) G F-1 (04/02) (42461-84-7] $150 

F (09/99) 

1275009 27500-9 Fluocinolone Acetonide (100 mo\ J 1(11/99) [67-73-2] $150 

1276001 27600-1 Fluocinonide (100 mci) I [356-12-71 $150 

1277004 27700-4 Fluorescein (200 mg) G0B171 2 F-1 (02/03) [2321-07-5] $150 

1277208 27720-8 Fluoride Dentifrice: Sodium Fluoride-Calcium F n/f $468 

Pvroohosohate (hicih beta-phase) (180 ol 

1277252 27725-2 Fluoride Dentifrice: Sodium Fluoride/Silica (4.5 oz) I H (04/99) n/f $440 

1277274 27727-4 Fluoride Dentifrice: Sodium Fluoride/Sodium Bicarbonate F n/f $468 

Powder /4 oz.\ 
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1277300 27730-0 Fluoride Dentifrice: Sodium Monofluorophosphate-Calcium G n/f $468 

Carbonate (4.6 oz.) 

1277354 27735-4 Fluoride Dentifrice: Sodium G n/f $468 

Monofluoroohosohate/Dicalcium Phosohate (4.6 oz.\ 

1277401 27740-1 Fluoride Dentifrice: Sodium Monofluorophosphate G-1 G (08/99) n/f $468 

(1000 ooml/Silica (5.25 oz.) 

1277423 27742-3 Fluoride Dentifrice: Sodium Monofluorophosphate F-1 F (07/99) n/f $468 

(1500 oom\/Silica (5.25 oz.\ 

1277456 27745-6 Fluoride Dentifrice: Stannous Fluoride-Silica (4 oz.\ H0B105 G (11/02\ n/f $468 

1278007 27800-7 Fluorometholone (200 mq) 10B184 2 H-1 111/02) 1426-13-11 $150 

1278109 27810-9 Fluorometholone Acetate (200 ma\ F [3801-06-7] $150 

1278302 27830-2 Fluoroauinolonic Acid (50 ma\ G F-1 (12/99) [86393-33-1 l $468 

1279000 27900-0 Fluorouracil (250 mq) H-1 H 101/02\ [51-21-81 $150 

1279804 27980-4 Fluoxetine Hvdrochloride (200 ma\ F-1 F (11/99\ [59333-67-4] $150 

1279815 27981-5 Fluoxetine Related Compound A (15 mg) (N -methyl-3- G F-1 (05/01) n/f $468 

phenyl-3-[(alpha,alpha,alpha-(trifluoro-m- F (06/00) 

tolvl\oxvloroovlamine Hvdrochloridel 

1279826 27982-6 Fluoxetine Related Compound B (5 ml of a 0.01 N HCI F-2 F-1 (09/02) [23580-89-4) $150 

solution, approx. 2 mg/ml) (N-rnethyl-3- F (09/00) 

ohenvloroovlamine\ 

1280009 28000-9 Fluoxvmesterone CIII (200 mq) G-2 G-1 104/00\ 176-43-71 $173 

1280803 28080-3 Fluohenazine Decanoate DiHvdrochloride (500 ma\ G F-1 (10/01\ n/f $153 

1281001 28100-1 Fluohenazine Enanthate DiHydrochloride 1125 ma\ H G 102/99\ [3105-68-81 $119 

1282004 28200-4 Fluohenazine Hvdrochloride (125 ma\ H [146-56-5] $119 

1284000 28400-0 Flurandrenolide (100 ma\ H /09/03\ 11524-88-5] $150 

1285002 28500-2 Flurazeoam Hydrochloride CIV (200 mq) I 11172-18-51 $173 

1285308 28530-8 Flurazepam Related Compound C (50 mg) (5-chloro-2-(2- H-1 n/f $468 

diethylaminoethyl(amino)-2'-fluorobenzophenone 

Hvdrochloride\ 

1285603 28560-3 Flurazepam Related Compound F (50 mg) (7-chloro-5-(2- H [2886-65-9) $468 

fluoroohenvl)-1,3-dihydro-2H-1,4-benzodiazeoin-2-one) 

1285750 28575-0 Flurbiorofen (200 ma\ G 15104-49-4] $150 

1285760 28576-0 Flurbiprofen Related Compound A (100 mg) (2-(4- H G (03/01) n/f $468 

Biohenvlvllorooionic Acid) 

1285807 28580-7 Flurbiorofen Sodium (200 ma\ F 156767-76-1] $150 

1285851 28585-1 Flutamide (200 ma\ G F-1 106/00\ 113311-84-71 $150 

1285862 28586-2 o-Flutamide (50 ma) F-1 F (01/00) n/f $150 

1286005 28600-5 Folic Acid /500 ma\ Nitamin M or Vitamin Bel p 0 107100\ 159-30-31 $150 

1286027 28602-7 Folic Acid Related ·compound A (50 mg) (Calcium H-1 H (01/00) [1492-18-8) $150 

Formvltetrahvdrofolate) 

1286209 28620-9 4-Formvlbenzenesulfonamide (50 ma) F n/f $468 

1286300 28630-0 10-Formvlfolic Acid 125 ma) F-1 1134-05-41 $150 

1286504 28650-4 Fructose (125 mg) 1-2 1-1 (11/02) [57-48-7) $119 

I /08/99\ 

1286708 28670-8 Fumaric Acid (200 mq) G-1 G /04/02\ 1110-17-81 $150 

1286800 28680-0 Furazolidone (200 ma\ G-2 G-1 /01/01\ 167-45-8] $150 

1287008 28700-8 Furosemide (125 mq) J 154-31-91 $119 
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1287020 28702-0 Furosemide Related Compound A (50 mg) (2-Chloro-4-N- J I (08/02) nit $468 

furfurylamino-5-sulfamoylbenzoic Acid) 

1287030 28703-0 Furosemide Related Compound B (100 mg) (4-Chloro-5- H G-3 (03/01) [3086-91-7) $468 

sulfamovlanthranilic Acid) 

1287303 28730-3 Gabapentin (250 mg) F [60142-96-3] $150 

1287325 28732-5 Gabapentin Related Compound A (100 mg) (3,3- F [64 7 44-50-9) $468 

oentamethvlene-5-butvrolactaml 

1287507 28750-7 Gadodiamide (500 mg) F 1131410-48-51 $150 

1287518 28751-8 Gadodiamide Related Compound A (50 mg) (gadolinium F nit $468 

sodium diethylenetriamine pentaacetic acid 

monomethvlamide ) 

1287529 28752-9 Gadodiamide Related Compound B (50 mg) (gadolinium F [131410-48-5) $468 

disodium diethylenetriamine pentaacetic acid) 

1287609 28760-9 Gadopentetate Monomeglumine (500 mg) F 192923-57-4 I $150 

1287631 28763-1 Gadoteridol (500 mo) F [120066-54-8] $150 

1287642 28764-2 Gadoteridol Related Compound A (50 mg) (10-(2- F0A002 [120041-08-9) $468 

hydroxypropyl)-1,4 , 7, 1 0-tetraazacyclododecane-1 ,4, 7-

triaacetic acid) 

1287653 Gadoteridol Related Compound B (50 mg) (1,4,7,10- F0B198 1 [112188-16-6) $468 

Tetraazacyclododecane-1,4, 7-triacetic acid, 

monogadolinium salt) 

1287664 Gadoteridol Related Compound C (50 mg) (1,4,7,10- F0B199 1 (220182-19-4) $468 

Tetraaza-1 1-oxo-bicylco(8.2.2)tetradecan-4, 7-diacetic 

acid) 

1287700 28770-0 Galactose (200 mg) F-4 F-3 (05/01) [59-23-4] $468 

1288000 28800-0 Gallamine Triethiodide (200 mo) F [65-29-2] $150 

1288500 28850-0 Gemfibrozil (200 mg) H 125812-30-01 $150 

1289003 28900-3 Gentamicin Sulfate (200 mo) K J-1 (04/00) [1405-41-01 $150 

1290002 29000-2 Gentian Violet (650 mg) F (548-62-9) $150 

1291005 29100-5 Gibberellic Acid (200 mg) (FCC) G F (04/01) 177-06-51 $150 

1291504 29150-4 Powdered Ginoer (500 mo) F nit $150 

1292008 29200-8 Gitoxin (50 mg} G F-3 (07/00) 14562-36-11 $468 

1292507 29250-7 Glioizide (125 ma) G [29094-61-9] $119 

1292609 29260-9 Glipizide Related Compound A (25 mg) (N-{2-((4- G-1 G (04/99) nit $468 

aminosulfonyl)phenyl)ethyl}-5-methyl-

pyrazinecarboxamide) 

1294003 29400-3 Glucagon (25 mg, 0.95 U/mg) H (16941-32-51 $150 

1294848 29484-8 L-aamma-Glutamvl-S-allvl-L-cvsteine (25 mo) F nit $649 

1295006 29500-6 Glutethimide CII (500 mg} F [77-21-4] $173 

1295505 29550-5 Glyburide (200 mg) G F-2 (11/02) (10238-21-81 $150 

1295607 29560-7 Glycerin (2 ml) G1A001 G (12/02) (56-81-5) $150 

F (04/99) 

1295709 29570-9 Glvcervl Behenate (200 mg} F3B113 F-2 (03/03} 118641-57-11 $150 

1295800 29580-0 Glvcine (200 mo) F-3 F-2 (02/00) [56-40-61 $150 

1296009 29600-9 Glvcopyrrolate (200 mg) G [596-51-0] $150 

1297001 29700-1 Human Chorionic Gonadotropin (1 vial, 5.760 USP Units H G (07/00) [9002-61 -3) $150 

oer oackaoe) 

1298004 29800-4 Gramicidin (200 mg} I H-1 (07/02) 11405-97-61 $150 

1299007 29900-7 Griseofulvin (200 ma) I H-1 (09/02) [126-07-81 $150 
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1299200 29920-0 Griseofulvin Penneabil itv Diameter (2 g) H (08/03) (126-07-8) $150 
1300004 30000-4 Guaiacol (1 ol K J (04/00) (90-05-11 $150 
1301007 30100-7 Guaifenesin (200 mg) I H {09/02) 193-14-11 $150 
1301404 30140-4 Guanabenz Acetate (200 mo) G F-1 (06/00) (23256-50-01 $150 
1301608 30160-8 Guanadrel Sulfate (200 mg) F-1 122195-34-21 $150 
1301801 30180-1 Guanethidine Monosulfate (200 mg) F [645-43-2) $150 
1302000 30200-0 Guanethidine Sulfate (500 mo) G-1 160-02-61 $150 
1302101 30210-1 Guanfacine Hydrochloride (125 mg) G0B123 F-1 (02/03) (29110-48-3) $119 

F {11/99) 

1302305 30230-5 Halazepam CIV (200 mg) F [23092-17-3] $173 
1302509 30250-9 Halcinonide (300 mo) F 13093-35-41 $150 
1303002 30300-2 Halooeridol (200 mg) I H-1 (05/02) (52-86-8) $150 
1303013 30301-3 Haloperidol Related Compound A (25 mg) (4,4-Bis((4-p- J (67987-08-0) $468 

chloroohenvll-4-hvdroxv-oioeridinol-butvroohenone\ 

1303308 30330-8 Haloprogin (200 mg) F [777-11-71 $150 
1303501 30350-1 Halothane (1 ml) F-1 (151-67-7) $150 
1304005 30400-5 Heparin Sodium (10 x 1 ml) K-5 K-4 (08/03) [9041-08-1) $150 

K-3 (02/99) 

1305008 30500-8 Hexachloroohene (500 mo) I H-2 (01/01) 170-30-41 $150 
1307003 30700-3 Hexobarbital CIII {500 mg) F 156-29-11 $173 
1308006 30800-6 Hexvlcaine Hvdrochloride (1 a\ F-1 (532-76-3] $150 
1308200 30820-0 Hexylene Glycol (125 mg) G F-2 (04/02) [107-41-5) $150 

F-1 (04/99) 
1308307 30830-7 Hexvlresorcinol (200 mo) F 1136-77-61 $150 
1308505 30850-5 L-Histidine (200 mg) G0A018 F-2 (01/03) [71 -00-1) $150 

F-1 (04/00) 
1309009 30900-9 Histamine DiHydrochloride {250 mo) L 156-92-81 $150 
1310008 31000-8 Homatrooine Hvdrobromide (200 ma\ H-1 H (08/02) [51-56-9) $150 
1311000 31100-0 Homatropine Methylbromide (250 mg) J 1-1 (06/01) [80-49-9) $150 

H-1 {10/01) 
1311408 31140-8 Homosalate (500 ma/amoule\ F0B102 1118-56-9) $150 
1312003 31200-3 Hyaluronidase (500 mg) H 19001-54-11 $150 
1313006 31300-6 Hvdralazine Hvdrochloride (200 ma\ K J-1 (09/02) [304-20-1) $150 
1314009 31400-9 Hydrochlorothiazide {200 mo) I H (05/02) 158-93-51 $150 
1315001 31500-1 Hydrocodone Bitartrate CII (250 mg) J0A026 1-1 (12/02) [34195-34-1] $173 

I (07/02) 

H-2 {11/99) 
1316004 31600-4 Hvdrocortisone (200 mo) M L (09/00) 150-23-71 $150 
1317007 31700-7 Hvdrocortisone Acetate {200 mg) K J {10/99) 150-03-31 $150 
1317302 31730-2 Hydrocortisone Butyrate (200 mg) H (13609-67-1) $150 
1318000 31800-0 Hvdrocortisone Cvoionate (200 mo) F 1508-99-61 $150 
1319002 31900-2 Hydrocortisone Hemisuccinate (200 mg) H G-3 (03/02) (83784-20-7) $150 

G-2 (08/99) 
1320001 32000-1 Hydrocortisone Phosphate Triethylamine (200 mo) F-1 n/f $150 
1321004 32100-4 Hvdrocortisone Valerate (200 ma) F-1 F (07/02) [57524-89-7) $150 
1322007 32200-7 Hydroflumethiazide {200 mg) F-2 1135-09-11 $150 
1323000 32300-0 Hvdromorohone Hvdrochloride en (50 ma\ I H-2 (03/01) (71-68-1) $173 
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1324002 32400-2 Hydroquinone (500 mg) G-1 8(11/01) [123-31-9] $150 

F-4 (02/99) 

1325005 32500-5 Hvdroxyamohetamine Hydrobromide (200 mg) G F /06/01\ [306-21-81 $150 

1327000 32700-0 Hydroxvchloroauine Sulfate (200 ma) I [747-36-41 $150 

1329006 32900-6 Hvdroxvorogesterone Caproate (200 mg) H [630-56-81 $150 

1329505 32950-5 9-Hydroxvpropantheline Bromide (50 ma) F-1 nit $468 

1329800 32980-0 Hvdroxvoropyl Cellulose (200 mg) F-1 [9004-64-2) $150 

1330005 33000-5 Hydroxvpropyl Methylcellulose (250 mg) G-1 G (02/02) [9004-65-31 $150 

1332000 33200-0 Hvdroxvurea (200 ma\ H G /01/00) [127-07-11 $150 

1333003 33300-3 Hydroxvzine Hydrochloride (500 mg) H [2192-20-31 $150 

1333058 33305-8 Hydroxyzine Related Compound A (25 mg) (p- H [303-26-4] $150 

Chlorobenzhydrvloioerazine) 

1334006 33400-6 Hydroxyzine Pamoate (500 mg) G-1 (01/03) [10246-75-0) $150 

1335009 33500-9 Hyoscyamine Sulfate (125 mg) G2A007 G-1 (08/02) [6835-16-1] $119 

G (10/99) 

1335202 33520-2 Hvoeroside (50 mg) F [482-36-01 $822 

1335304 33530-4 Hypromellose Phthalate (100 ma) F-1 F (12/00) [9050-31-11 $150 

1335508 33550-8 lbuorofen (750 ma) J I /06/02) [15687-27-11 $150 

1335701 33570-1 ldarubicin Hydrochloride (50 mg) G (11/03) [57852-57-0] $461 

F (06/00) 

1336001 33600-1 ldoxuridine (250 mg) H [54-42-21 $150 

1336205 33620-5 lfosfamide (500 mg) G F-1 (11/00) [3778-73-2] $150 

F (02/99) 

1336500 33650-0 lmidazole (200 mg) G [288-32-41 $468 

1336806 33680-6 lmidurea (200 ma) H G (10/99\ [39236-46-91 $150 

1337004 33700-4 lminodibenzyl (25 mg) H [494-19-91 $468 

1337809 33780-9 lmioenem Monohvdrate (100 ma) G F /01/01) [7 4431-23-51 $150 

1338007 33800-7 lmipramine Hydrochloride (200 mg) I H (09/01) [113-52-01 $150 

1338801 33880-1 lndapamide (250 mg) H G (07/02) [26807-65-8] $150 

1339000 33900-0 lndiaotindisulfonate Sodium (500 ma) H18153 2 H /06/03) [860-22-01 $150 

1340009 34000-9 lndocyanine Green (200 mg) 108045 H (09/01) [3599-32-41 $150 

1341001 34100-1 lndomethacin (200 ma) I H (05/99) [53-86-11 $150 

1342004 34200-4 Insulin (100 mg) H [9004-10-81 $150 

1342106 34210-6 Insulin Human (100 mg) H1A031 H(11/02) [11061-68-0] $150 

G /04/00\ 

1342208 34220-8 Insulin (Beef) (100 ma) F [11070-73-81 $150 

1342300 34230-0 Insulin (Pork) (100 mg) F [12584-58-61 $150 

1342503 34250-3 locetamic Acid (200 ma) F [16034-77-81 $150 

1343007 34300-7 lodioamide (200 ma) G [606-17-71 $150 

1343540 lodixanol Related Compound C (25 mg) (5-Acetyl[3-[[3 ,5- F0B236 1 nit $468 

bis[[2,3-dihydroxypropyl)amino]carbonyl]-2,4,6-

triiodophenyl]amino]-2-hydroxypropyl]amino]-N,N'-bis-(2,3-

dihydroxypropyl)-2,4, 6-triiodo-1 , 3-benzenedicarboxamide) 

1343550 lodixanol Related Compound D (50 mg) (5-[Acetyl(2- F0B231 1 [89797-00-2] $468 

hydroxy-3-methylpropyl)amino]-N,N'-bis(2,3-

dihydroxvpropyl)2,4 ,6-triiodo-1 ,3-benzenedicarboxamide) 
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1343561 lodixanol Related Compound E (25 mg) (5-1[3-[[3-[[(2,3- F0B229 1 n/f $468 

Dihydoxypropyl)amino]carbonyl]-5-[[amino]carbonyl]-2,4,6-

triiodophenyl](acetylimino)]-2-hydroxypropyl]-

(acetyl imino)]-N,N'-bis(2,3-dihydoxypropyl)-2 ,4,6-triiodo-

1,3-benzenedicarboxamide) 

1344305 34430-5 o-lodohioouric Acid (100 mq) F [147-58-01 $150 

1344509 34450-9 lodoQuinol (100 mq) H G (07/02) [83-73-81 $150 

1344600 34460-0 lohexol /100 mg) F-1 F /01/99) 166108-95-01 $119 

1344622 34462-2 lohexol Related Compound A (100 mg) (5-(acetylamino)- F-1 F(10/01) nit $468 

N,N-bis(2,3-dihydroxypropyl)-2,4,6-triiodo-1,3-

benzenedicarboxamide) 

1344644 34464-4 lohexol Related Compound B (50 mg) (5-amino-N,N '- F [76801-93-9] $468 

bis(2,3-dihydroxypropyl)-2,4, 6-tri iodo-1,3-

benzenedicarboxamide) 

1344666 34466-6 lohexol Related Compound C (100 mg) (N,N '-bis(2,3- F-1 2 F (09/03) n/f $150 

dihydroxvoropyl)-5-nitro-1,3-benzenedicarboxamide) 

1344702 34470-2 looamidol (200 mq) G [60166-93-01 $150 

1344724 34472-4 lopamidol Related Compound A (50 mg) (N ,N'-Bis-(1 ,3- G [60166-98-5] $468 

dihvdroxv-2-oroovll-5-amino-2 ,4,6-triiodoiso-ohthalamide) 

1344735 34473-5 lopamidol Related Compound B (100 mg) (5-Glycolamido- F nit $468 

N,N'-bis[2-hydroxy-1-(hydroxymethyl)ethyl]-2,4,6-

triiodoisophthalamide) 

1344804 34480-4 looromide (400 mq) F [73334-07-31 $150 

1344826 34482-6 lopromide Related Compound A (50 mg) (5-Amino-N,N'- F n/f $468 

bis(2,3-dihydroxypropyl)-2,4,6-triiodo-N-methyl-1,3-

benzenedicarboxamidel 

1344837 34483-7 lopromide Related Compound B (50 mg) (5-(Acetylamino)- F n/f $468 

N,N'-bis(2 ,3-dihydroxypropyl)-2,4,6-triiodo-N-methyl-1,3-

benzenedicarboxamide) 

1345002 34500-2 lothalamic Acid (200 mq) G 12276-90-61 $150 

1345104 34510-4 loversol (200 mq) F [87771-40-21 $150 

1345115 34511 -5 loversol Related Compound A (50 mg) (5-Amino-N,N'- F [76801 -93-9] $468 

bis(2,3-dihvdroxvpropvl)-2,4,6-triiodoisophthalamide) 

1345126 34512-6 loversol Related Compound B (50 mg) (N,N'-bis(2,3- F n/f $468 

dihydroxypropyl)-5-[(N-(2-hydroxyethyl)-

carbonvl)methoxvl-2,4,6-triiodoisophthalamide) 

1345159 34515-9 loxaqlic Acid /100 mq) F 159017-64-01 $150 

1345206 34520-6 loxilan (400 mq) F (107793-72-61 $150 

1345228 34522-8 loxilan Related Compound A (100 mg) (5-amino-2,4,6- F [22871-58-5] $468 

triiodo-3 N-(2-hvdroxvethvl)carbamovl benzoic acid) 

1346005 34600-5 lpodate Calcium (200 mq) F [1151 -11-71 $150 

1347008 34700-8 loodate Sodium (200 mq) F-1 11221-56-31 $150 

1347755 34775-5 lsoamvl Methoxvcinnamate (750 mQ/amoule) F0B017 171617-10-21 $150 

1348000 34800-0 lsocarboxazid (200 mq) F-1 [59-63-21 $150 

1348500 34850-0 lsoetharine Hvdrochloride (250 mq) F-2 12576-92-31 $150 

1349003 34900-3 lsoflurane (1 ml) H [26675-46-7] $150 

1349502 34950-2 L-lsoleucine (200 mq) F-2 F-1 (09/02) [73-32-51 $150 

1349604 34960-4 lsomalathion /50 mq\ F18107 F (01/03) [3344-12-51 $468 

1349659 34965-9 lsometheptene Mucate (200 mq) F 17492-31-11 $150 

1349706 34970-6 lsoniazid (200 mq) H (54-85-3] $150 
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l'.1350002 35000-2 lsopropamide Iodide (200 mg) F-2 171-81-8] $150 

1350400 35040-0 lsopropvl Mvristate (500 mg) I [110-27-01 $150 

1350603 35060-3 lsooroovl Palmitate (500 ma\ I H (10/99) [142-91-61 $150 

1351005 35100-5 lsoproterenol Hydrochloride (125 mg) K 151-30-9] $119 

1352008 35200-8 lsosorbide (75% solution , 1 al I H-2 (10/00) [652-67-51 $150 
·:• 1353000 35300-0 Diluted lsosorbide Dinitrate (500 mg of 25% mixture with 1-1 I (10/99) [87-33-2) $150 

mannitoll 

1353500 35350-0 lsotretinoin (200 ma\ I H (10/00) [4759-48-21 $150 

1354003 35400-3 lsoxsuprine Hydrochloride (200 mg) F-3 1579-56-6] $150 

1354207 35420-7 lsradipine (200 mg) G0B054 2 F (05/03) [75695-93-1 I $150 

1354218 35421-8 lsradipine Related Compound A (25 mg) (lsopropyl methyl F nit $150 

4-(4-benzofurazanvl\-2 ,6-dimethvl-3,5-ovridinecarboxvlate) 

1354309 lvermectin (200 mg) F0B196 1 170288-86-7] $150 ~, 1355006 35500-6 Kanamvcin Sulfate (200 ma) J I (06/99) [25389-94-01 $150 

1356009 35600-9 Ketamine Hydrochloride CIII (250 mg) G-2 G-1 (07100) (1867-66-9] $173 

1356508 35650-8 Ketoconazole (200 mg) G-3 G-2 (06/01) [65277-42-1 l $150 

G-1 (01/99) 
; 

1356632 35663-2 Ketoprofen (200 mg) G F-2 (05/99) [22071-15-41 $150 

' 1356643 35664-3 Ketoprofen Related Compound A (25 mg) (alpha-Methyl-3- G [107257-20-5) $468 ,, 
~ (4-methvlbenzovll benzeneacetic acid) ,, 

~; 1356665 35666-5 Ketorolac Tromethamine (200 ma) G F-2 (04/99) [74103-07-41 $150 

1356654 35665-4 Labetalol Hydrochloride (200 mg) G F-2 (01/02) [32780-64-6] $150 

F-1 (03/01) 

1356676 35667-6 Anhydrous Lactose (100 mg) G F (06/01) 163-42-3] $150 

1356687 35668-7 Lactitol (500 mg) F0B005 [81025-04-91 $150 

' 1356701 35670-1 Lactose Monohvdrate (500 ma\ G-1 G (08/02) [5989-81 -11 $150 

1356803 35680-3 Lactulose (1 g) H G-1 (08/00) 14618-18-2] $150 

~ C· 1356880 35688-0 Lanolin (20 g) F [8006-54-0] $150 
fr 1356905 35690-5 Lanolin Alcohols (5 g) F [8027-33-61 $150 

,' 1356971 Letrozole (200 ma) F0B170 [112809-51-51 $150 
;,-• 1356982 Letrozole Related Compound A (15 mg) (4,4'-(1 H-1,3,4- F0B168 nit $468 ,,, 

triazol-1-ylmethylene)dibenzonitrile) - j 

! 
1357001 35700-1 L-Leucine (200 mg) G-1 G (08/00) [61-90-51 $150 

I 1358004 35800-4 Leucovorin Calcium (500 mg) J-1 J (05/02) [1492-18-8] $154 ~ 

'-· 1359007 35900-7 Levallorphan Tartrate (200 mg) G-1 G (11/02) [71-82-91 $150 -
! :,- 1359302 35930-2 - Levamisole Hvdrochloride (125 mg) F-1 [16595-80-5] $119 

- :~ 1359506 35950-6 Levmetamfetamine CII (75 mg) F [33817-09-31 $173 
[;: 1359801 35980-1 Levobunolol Hvdrochloride (200 ma) G [27912-14-7] $150 

- ·; ~- 1359903 35990-3 Levocarnitine (400 mg) G0B197 2 F-2 (06/03) [541-15-1) $150 

- I F-1 (12/00) 

- 1359925 35992-5 Levocarnitine Related Compound A (100 mg) (3-carboxy- F-1 F (08/01 ) (6538-82-5] $150 
I N,N,N-trimethyl-2-propen-1-aminium chloride) -
' ,_. 1361009 36100-9 Levodopa (200 mg) I H (09/00) [59-92-71 $150 - j t 1361010 36101-0 - Levodopa Related Compound A (50 mg) (3-(3,4,6- K J (01/03) (27244-64-0] $468 

Trihvdroxvphenvl\-alanine) I (06/00) - t 
1362001 36200-1 Levo-alpha-acetylmethadol Hydrochloride CII (25 mg) (AS) F-1 (08/03) (43033-72-3) $173 -

' F (07/01) -
1362500 36250-0 Levonordefrin (200 ma) F-1 [829-74-31 $150 - : 1363004 36300-4 Levopropoxyphene Napsylate (200 mg) G [55557-30-7] $150 -

,utioD *See page I for Change Code Interpretation www.usp.org Note: Where the Current Lot is blank the item is not in distribut ion 



26 Official USP Reference Standards Catalog Jan.-Feb. 2003 [ Jar 

USP and FCC Reference Standards and Authentic Substances 
Previous 

Cat. Former Curr. Change Lot/Valid CAS 

No. Cat. No. Description Lot Code* Use Date No. Price 
Cat 

1364007 36400-7 Levorphanol Tartrate CII (500 mg) H G (03/01) [5985-38-6] $173 No. 

1365000 36500-0 Levothvroxine (500 mo) K J (10/00) 151-48-91 $150 137 

1366002 36600-2 Lidocaine (250 mQ) L [137-58-6] $150 1371 

1367005 36700-5 Lincomvcin Hydrochloride (200 mo) H-1 17179-49-91 $150 1371 

1367504 36750-4 Lindane (200 ma) F-2 158-89-91 $150 137 

1368008 36800-8 Liothyronine (250 mi:i) L K (08/01) [6893-02-3] $150 13T 

1368609 36860-9 Lisinopril (300 mo) I H (09/01) [83915-83-7) $150 137 

G (10/99) 137, 
- - --- -

1369000 I 36900-0 I Lithium Carbonate (300 mg) G0B031 F-2 (01/03) [554-13-2) $150 137' 

F-1 (01/01) 137' 

1370000 37000-0 Loperamide Hvdrochloride (200 ma\ G-2 G-1 (02/03\ 134552-83-51 $150 137' 

1370203 37020-3 Loracarbef (200 mg) F [121961-22-6] $150 137' 

1370225 37022-5 Loracarbef L-lsomer (25 mo) F n/f $150 138 

1370305 37030-5 Lorazepam CIV (200 ma) H0B023 G-2 (06/03\ 1846-49-11 $173 138 

1370327 37032-7 Lorazepam Related Compound A (25 mg) (7-Chloro-5-(o- G F-1 (06/01) [2848-96-6) $468 138 

chlorophenyl)-1,3-dihydro-3-acetoxy-2H-1 ,4- 138: 

benzodiazepin-2-one) 138: 

1370338 I 37033-8 I Lorazepam Related Compound B (25 mg) (2-Amino-2',5- F-2 [2958-36-3) $468 138-

dichlorobenzoohenone\ 138 

1370349 I 37034-9 I Lorazepam Related Compound C (25 mg) (6-Chloro-4-(o- H G (01/03) n/f $468 1381 

chlorophenvll-2-auinazolinecarboxaldehvde) F-3 (01/02) 138' 

1370350 I 37035-0 I Lorazepam Related Compound D (25 mg) (6-Chloro-4-(o- F-2 [54643-79-7) $468 13S: 

chlorophenvl)-2-auinazolinecarboxvlic Acid\ 138! 

1370360 I 37036-0 I Lorazepam Related Compound E (25 mg) (6-Chloro-4-(o- G F-3 (07/02) n/f $468 
1391 

chlorophenyl)-2-quinazoline Methanol) F-2 (04/99) 
139 

1370600 I 37060-0 I Lovastatin (125 mo) H 175330-75-51 $119 

1370611 I I Lovastatin Related Compound A (20 mg) (Butanoic acid, F0B235 1 n/f $468 
I •• I 139: 

2-methyl-, 1,2,3,4,4a, 7,8,8a-octahydro-3, 7-dimethyl-8-[2-

(tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl)-1 -
I I I I I I ■'· I 139: 

naphthalenyl ester, [1 S-[alpha(R*), 

3al ah,7beta,8beta 2s•,4s• , Bal ha beta -

1370702 I 37070-2 I Loxapine Succinate (125 mg) G0B026 F-2 (06/03) [27833-64-3) $119 

F-1 (07/01) 

F (03/99 

1371002 37100-2 Lvseroic Acid Diethvlamide Tartrate Cl (1 0 mq) (AS) (LSD) I 150-37-3 

1371501 37150-1 L-Lvsine Acetate (200 ma\ F 

1372005 37200-5 L-Lvsine Hvdrochloride (200 ma\ H G <07/00 

1373008 37300-8 Mafenide Acetate (200 mq) F 

1374000 37400-0 Maoaldrate (200 mo) F-1 

1374306 37430-6 Maonesium Salicvlate (200 mcil F-1 

1374408 37440-8 Malathion (500 ma\ F-1 

1374500 37450-0 Maleic Acid (300 ma\ G 

1374601 37460-1 Malic Acid (Racemic) (200 mg) G0B158 I I F-1 (04/03) I [617-48-1 

1374907 37490-7 Maltitol (200 mo) G 

1375003 37500-3 Maltol (4 g) (FCC) G F-1 (12/99\ [118-71-8 

1375058 37505-8 Mandelic Acid (500 ma) F 190-64-2 

1375105 37510-5 Mannitol (200 mo) H [69-65-8 

1375207 37520-7 Maprotiline Hydrochloride (200 mg) H G <07102 

1375309 37530-9 Mazindol CIV (350 mo) H G (02/03 

1375502 37550-2 Mebendazole (200 mg) G 

*See page 1 for Change Code Interpretation www.us12 .org Note: Where the Current Lot is blank the item is not in distrib 
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706 37570-6 Mebrofenin 100 m F $150 

006 37600-6 F-2 $150 

6505 37650-5 F-1 $150 

7009 37700-9 1-1 $150 

7508 37750-8 G $150 

37780-3 Me H $150 

37800-1 H-2 $150 

37900-4 F $150 

37960-5 F3A032 $150 

37910-6 I $150 

37930-0 G $150 

38100-6 H-3 $150 

38170-9 I0B049 $150 

38174-2 F0B103 $150 

38200-9 Me F $150 

38300-1 Me $173 

38400-4 F-1 $150 

38500-7 G $150 

38600-0 G $173 

1387002 38700-2 Me H $150 

1388005 38800-5 Me G $150 

1389008 38900-8 Me G-1 $173 
i68 

39000-7 1390007 Me F $150 

119 
1391000 39100-0 3-Mercapto-2-methylpropanoic Acid 1,2- G n/f $468 

468 
1392002 

Di hen leth !amine Salt 75 m 

39200-2 Mercaptopurine (500 mg) 1-1 I (07/02) [6112-76-1] $150 

H 12/99 

1392705 39270-5 Mesalamine (200 mg) G1 B001 G (01/03) [89-57-6] $150 

F-1 03/00 

119 
1393005 39300-5 1-1 $150 

1394008 39400-8 J 1-1 09/99 72-33-3 $150 

1395500 39550-0 F-3 $150 

1396003 39600-3 F-3 $150 

,150 1396400 39640-0 G0B140 $150 

;150 1396502 39650-2 G0B141 $150 

;150 1396604 39660-4 G1B088 $119 

i150 1397006 39700-6 Meth H $150 

i150 1398009 39800-9 Meth I0B163 $173 

;150 1399001 39900-1 I 51-57-0 $173 

i468 1401001 40100-1 F-1 53-46-3 $150 

6150 1402004 40200-4 Metha rilene Fu F-1 $150 

6150 1404000 40400-0 Metha alone Cl F-1 72-44-6 $173 

6150 1405002 40500-2 F-2 F-1 07/99 50-11-3 $173 

6150 1406005 40600-5 G-1 $150 

6150 1407008 40700-8 F-1 $150 

$150 1408000 40800-0 G $150 

i173 1409003 40900-3 G $150 

$150 1409502 40950-2 F $150 

istribution *See page 1 for Change Code Interpretation WWW. USQ.Org Note: Where the Current Lot is blank the item is not in distribution 
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1409604 40960-4 Methenamine Mandelate (200 mal F-2 F-1 (11 /00) [587-23-5] $150 

1410002 41000-2 Methicillin Sodium (500 mg) 11 B186 2 I (03/03) (7246-14-2) $150 

H (03/00) 

1411005 41100-5 Methimazole (200 mal G F (02/01 ) [60-56-0] $150 

1411504 41150-4 L-Methionine (200 ma) G F-2 (11 /99) [63-68-31 $150 

1412008 41200-8 Methocarbamol (200 mg) H-1 [532-03-61 $150 

1413000 41300-0 Methohexital CIV (500 ma) F-2 [18652-93-21 $173 

1414003 41400-3 Methotrexate (500 mQ) I [59-05-21 $150 

1415006 41500-6 Methotrimeprazine (125 mg) F-2 F-1 (05/99) [60-99-1] $119 

1416009 41600-9 Methoxamine Hydrochloride (200 mal F [61-16-51 $150 

1417001 41700-1 Methoxsalen (500 ma) H [298-81 -71 $150 

1418004 41800-4 Methoxyflurane (1 ml) G [76-38-0] $150 

1419007 41900-7 Methoxvohenamine Hvdrochloride (250 ma) F [5588-10-31 $150 

1420006 42000-6 3-Methoxvtyrosine (50 ma) H [300-48-11 $468 

1421009 42100-9 Methscooolamine Bromide (200 ma) G [155-41-91 $150 

1422001 42200-1 Methsuximide (500 ma) F-2 F-1 (08/99) [77-41-81 $150 

1424007 42400-7 Methyclothiazide (200 mg) G [135-07-9] $150 

1424018 42401-8 Methyclothiazide Related Compound A (100 mg) (4- G F-2 (12/00) n/f $468 

amino-6-chloro-N-3-methyl-m-benzenedisulfonamide) 

1424222 42422-2 Methyl Benzylidene Camphor (200 ma) F0B118 [36861-4 7-9] $150 

1424233 42423-3 Methyl Caorate (300 mal F [110-42-91 $150 

1424244 42424-4 Methyl Caoroate (300 ma) F [106-70-71 $150 

1424255 42425-5 Methyl Caorvlate (300 mg) F [111-11-5] $150 

1424506 42450-6 Methylcellulose (1 al (AS) G0B222 2 F-2 (05/03) [9004-67-51 $150 

1425000 42500-0 4-Methyl-2,5-dimethoxyamphetamine Hydrochloride Cl F (15589-00-1 I $173 

(25 ma) IASl (STPl 

1426002 42600-2 Methyldooa (500 ma) I [41372-08-11 $150 

1427005 42700-5 Methyldooate Hydrochloride (200 ma) G-2 [2508-79-41 $150 

1428008 42800-8 Methylene Blue (250 mg) G 17220-79-31 $150 

1429000 42900-0 Methylenedioxy-3,4-amphetamine Hydrochloride Cl F-1 (6292-91-7) $173 

(25 ma) (AS) (MDA) 

1430000 43000-0 Methylergonovine Maleate (50 mg) (List Chemical) J I (05/02) 157432-61 -81 $150 

1430305 43030-5 Methyl Laurate (500 ma) F [111 -82-01 $150 

1430327 43032-7 Methyl Linoleate (5 x 50 mg) F [112-63-0] $150 

1430349 43034-9 Methyl Linolenate (5 x 50 ma) F [301-00-81 $150 

1430509 43050-9 3-O-Methylmethyldopa (50 mg) G-1 n/f $468 

1431002 43100-2 Methyl 5-methyl-3-isoxazolecarboxvlate (25 ma) F-1 F (01/01) [59-63-21 $468 

1431501 43150-1 Methyl Myristate (300 ma) F [124-10-71 $150 

1431556 43155-6 Methyl Oleate (500 mg) F 1112-62-91 $150 

1431603 43160-3 Methyl Palmitate (300 ma) F [112-39-01 $150 

1431625 43162-5 Methyl Palmitoleate (300 mg) F n/f $150 

1432005 43200-5 Methylparaben (125 mg) J-1 J (11/02) [99-76-31 $119 

1433008 43300-8 Methylohenidate Hydrochloride CII (125 ma) I H (05/01) [298-59-91 $138 

1434000 43400-0 Methylphenidate Hydrochloride Ery1hro Isomer CII (50 mg) I0A006 (298-59-9) $468 

(09/03) 

H-1 (01/03) 

H (06/01) 
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1434022 43402-2 Methylphenidate Related Compound A (50 mg) (alpha- G F-2 (10/99) n/f $468 

Phenvl-2-oioeridineacetic Acid Hvdrochloride) 

1435003 43500-3 Methylprednisoione (200 mq) H [83-43-21 $150 

1436006 43600-6 Methvlorednisolone Acetate (200 mg) G-2 G-1 (02/00) [53-36-1] $150 

1437009 43700-9 Methylprednisolone Hemisuccinate (200 mq) H [2921-57-51 $150 

1437508 43750-8 Methyl Stearate (300 mg) F [112-61-8] $150 

1438001 43800-1 Methyitestosterone CIII (200 mq) J 1(11/01) [58-18-41 $173 

1440003 44000-3 Methysergide Maleate (200 mg) H [129-49-7] $150 

1440808 44080-8 Metoclooramide Hydrochloride (500 mq) G F-2 (06/99) [54143-57-61 $150 

1441006 44100-6 Metocurine Iodide (300 mq) G [7601 -55-0] $150 

1441200 44120-0 Metolazone (200 mq) F-1 (05/03) [17560-51-91 $150 

1441287 44128-7 Metoorolol Fumarate (200 mg) F [119637-66-0] $150 

1441301 44130-1 Metoprolol Tartrate (200 mq) H G-1 (11/99) [56392-17-71 $150 

1441505 44150-5 Metrizamide (500 mq) F [31112-62-61 $150 

1442009 44200-9 Metronidazoie /100 mg) I [443-48-1] $150 

1443001 44300-1 Metvrapone (200 mq) H G (06/01) [54-36-41 $150 

1443205 44320-5 Metyrosine (200 mg) F [672-87-7] $150 

1443250 44325-0 Mexiietine Hydrochloride (200 mq) F-2 F-1 (09/02) [5370-01-41 $150 

1443307 44330-7 Meziociilin Sodium (350 mq) G [59798-30-0] $150 

1443409 44340-9 Miconazole (200 mq) G-1 G (07/02) [22916-47-81 $150 

1443500 44350-0 Miconazole Nitrate (200 mq) I H (06/99) [22832-87-7] $150 

1444004 44400-4 Minocycline Hydrochloride /200 mal H-3 H-2 (07/02) [13614-98-71 $150 

1444208 44420-8 Minoxidil 1125 ma) H G (05/99) [38304-91-5] $119 

1444707 44470-7 Mitomycin (50 mq) K J (07/01) [50-07-71 $461 

1445007 44500-7 Mitotane (500 mq) F [53-19-01 $150 

1445200 44520-0 Mitoxantrone Hydrochloride (400 mq) H G (03/01) [70476-82-3] $479 

1445222 44522-2 Mitoxantrone Related Compound A Hydrochloride (30 mg) F-1 F (03/01) n/f $150 

(8-amino-1 ,4-dihydroxy-5[[2-[(2-

hydroxyethyl)amino ]ethyl]amino ]-9, 10-anthracenedione 

Hydrochloride) 

1445459 44545-9 Molindone Hydrochloride (500 mq) F [15622-65-81 $150 

1445470 44547-0 Mometasone Furoate (200 mg) GOB073 F-1 (04/03) [83919-23-7] $150 

F (02/01) 

1445506 44550-6 Monobenzone 1200 ma\ F [103-16-2] $150 

1445801 44580-1 Mono- and Di-acetvlated Monoqlvcerides (200 mq) F [68990-54-5] $150 

1446000 44600-0 Monoglycerides (125 mg) H [68990-53-41 $119 

1446804 44680-4 Monostearvl Maleate /100 mq\ G F-2 (04/00) [2424-62-6] $468 

1446950 44695-0 Moricizine Hydrochloride (1 00 mg) F [29560-58-51 $150 

1447002 44700-2 Morphine Monohydrate CII (50 mg) (AS) G [6009-81 -0] $173 

1448005 44800-5 Morphine Sulfate (Pentahydrate) CII (500 mg) LOB056 K (06/03) [6211 -15-0] $277 

J-1 (07/00) 

1448504 44850-4 Moxalactam Disodium (500 mg) F-1 [64953-12-41 $150 

1448901 44890-1 Muoirocin (50 mq) F-1 F 103/02\ [12650-69-0] $150 

1448923 44892-3 Mupirocin Lithium (100 mg) G F (02/01 ) [73346-79-91 $150 

1449008 44900-8 Myristvl Alcohol (1 q) G F (02/02) [112-72-1] $150 

1449700 44970-0 Nadolol (200 mg) F-3 F-2 (04/02) [42200-33-91 $150 

1450007 45000-7 Nafciilin Sodium (200 mq) H [7177-50-6] $150 

1450404 45040-4 Naftifine Hydrochloride (200 mg) F [654 73-14-51 $150 

ion *See page 1 for Change Code Interpretation www. usp.org Note: Where the Current Lot is blank the item is not in distribution 
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1451000 45100-0 Nalidixic Acid (200 mg) G [389-08-2] $150 

1452002 45200--2 Nalorphine Hydrochloride CIII (250 mg) I [57-29--4] $173 

1453005 45300-5 Naloxone (125 mg) L0B124 K-1 (12/02) (465-65-6] $119 

K (07/01) 

1453504 45350-4 Naltrexone (200 mg) G1B039 G (02/03) [16590--41-3] $150 

1453526 45352-6 Naltrexone Related Compound A CII (30 mg) (N-(3- F n/f $173 

butenyl)-noroxvmorphone Hydrochloride) 

1454008 45400-8 Nandrolone CIII (50 ma) F-3 [434-22-01 $468 

1455000 45500--0 Nandrolone Decanoate CIII (250 mg) I [360-70-3] $173 

1456003 45600-3 Nandrolone Phenpropionate CIII (250 mg) H [62-90-8] $173 

1457006 45700-6 Naphazoline Hvdrochloride (200 ma) K [550-99-21 $150 

1457301 45730-1 Naproxen (200 mg) 1-1 I (03/03) (22204-53-1] $150 

H-1 (01/01) 

1457403 45740-3 Naproxen Sodium (200 ma) I [26159-34-21 $150 

1457505 45750-5 Natamycin (200 mg) I H (11/99) [7681-93-8] $150 

1458009 45800-9 Neomycin Sulfate (200 mg) L-2 L-1 (09/01) (1405-10-3] $150 

L (02/99) 

1459001 45900-1 Neostiamine Bromide (200 ma) G [114-80-71 $150 

1460000 46000-0 Neostiamine Methylsulfate (200 ma) I H (07/00) [51-60-5] $150 

1460500 46050-0 Nelilmicin Sulfate (500 mg) H G (05/02) [56391-57-2] $150 

1461003 46100-3 Niacin (200 ma) H-1 [59--67-61 $150 

1462006 46200-6 Niacinamide (500 ma) (Vitamin B3) M-1 M (02/01) [98-92-0] $150 

1463304 46330-4 Nicotine Bitartrate Dihvdrate (500 ma) G F (05/99) [128758-70-31 $150 

1463508 46350-8 Nifedipine (125 mg) 1-1 [21829-25--4 l $119 

1463600 46360-0 Nifedipine NitrophenvlPvridine Analoa (25 ma) K J (04/01) n/f $468 

1463701 46370-1 Nifedipine NitrosophenvlPvridine Analoa (25 ma) K J (07/02) n/f $468 

1464001 46400-1 Nitrofurantoin (500 ma) J 1-1 (11/02) [67-20-9] $150 

1465004 46500-4 Nitrofurazone (200 ma) H-1 H (09/01) [59-87-01 $150 

1465503 46550-3 Nitrofurfural Di acetate (100 mq) F-1 [92-55-71 $468 

1466007 46600-7 Nitrofurazone Related Compound A (500 mg) (5-Nitro-2- H0B100 2,8 G (07/03) n/f $468 

furfuraldazine) 

1466506 46650--6 Diluted Nitroglycerin (5 ampules, approx. 200 mg of a G (55-63-0] $150 

0.948% solution in propylene alvcol each) 

1467804 46780-4 Nizatidine (200 mal G F-1 (06/00) [76963--41-21 $150 

1467950 46795-0 Nonoxvnol 9 (0.5 ml) H-1 H (03/02) [26027-38-3] $150 

1468002 46800-2 Nonoxvnol 10 (200 ma) F [26027-38-31 $150 

1468400 46840-0 Nordazepam CIV (50 mg) (7-Chloro-1,3-dihydro-5-phenyl- H1B035 H (03/03) (1088-11-5] $468 

2H-1,4-benzodiazePin-2-one) G <03/00) 

1468501 46850-1 Norepinephrine Bitartrate (125 ma) H [69815--49-2] $119 

1469005 46900-5 Norethindrone (200 mg) J1B065 J-1 (05/03) (68-22--4] $150 

J (07/02) 

1-1 (03/01) 

1470004 47000-4 Norethindrone Acetate (100 mg) J0B072 I (04/03) [51-98-9] $150 

H (06/99) 

1471007 47100-7 Norethvnodrel (200 ma) G [68-23-51 $150 

1471506 47150-6 Norfloxacin (200 mg) H G (04/01) [70458-96-7] $150 

1472000 47200-0 Noraestrel (125 ma) I H (05/99) [6533-00-21 $119 

1473002 47300-2 Noroxvmorphone Hydrochloride CII (50 ma) H n/f $468 

1474005 47400-5 NortriPtvline Hydrochloride (200 mg) I H <04/00) [894-71-31 $150 

*See page 1 for Change Code Interpretation WWW. USQ.&Ig Note: Where the Current Lot is blank the item is not in distributio, 
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1474504 47450-4 Noscapine (500 mQ) G [128-62-11 $150 

1475008 47500-8 Novobiocin (200 ma) G-2 1303-81-1] $150 

1476000 47600-0 Nylidrin Hydrochloride (200 mQ) F-2 [849-55-81 $150 

1477003 47700-3 Nystatin (200 mg) N18004 N (01/03) [1400-61-9] $150 

1477411 47741-1 Octocrvlene (500 mQ) F0B104 16197-30-41 $150 

1477502 47750-2 Octoxynol 9 (200 mQ) G F-2 (07/00) [9002-93-1] $150 

1477808 47780-8 Octvldodecanol (200 ma) G F-1 (07/99) 15333-42-6] $150 

1477900 47790-0 Octvl Methoxvcinnamate (500 mg) F0B032 [5466-77-3] $150 

1477943 47794-3 Octvl Salicylate (400 mQ) F0B091 1118-60-51 $150 

1478108 47810-8 Ofloxacin (200 mg) F-2 F-1 (08/02) [82419-36-1] $150 

1478505 47850-5 Omeprazole (200 mg) H G-1 (04/02) [73590-58-6] $150 

G (09/01) 

1479009 47900-9 Orphenadrine Citrate (200 ma) G F-4 (05/02) 14682-36-41 $150 

1481000 48100-0 Oxacillin Sodium (200 mQ) J I (03/02) [7240-38-2] $150 

1481500 48150-0 Oxamniauine (200 mcil F 121738-42-11 $150 

1481703 48170-3 Oxamniquine Related Compound A (25 mg) (1,2,3,4- F n/f $468 

tetrahydro-2-isopropylaminomethyl-7-nitro-6-

auinolinemethyl methanesulfonate) 

1481805 48180-5 Oxamniquine Related Compound B (25 mg) (1 ,2,3,4- F ntf $468 

tetrahydro-2-isopropylaminomethyl-5-nitro-6-

auinolinemethanol) 

1482003 48200-3 Oxandrolone CIII (50 ma) G0B220 2 F-4 (07/03) [53-39-41 $173 

1483006 48300-6 Oxazepam CIV (200 mg) G-1 G (12/00) [604-75-1] $173 

1483505 48350-5 Qxprenolol Hvdrochloride (200 ma) H 16452-73-91 $150 

1484009 48400-9 Ox1riphylline (500 mQ) G [4499-40-51 $150 

1485001 48500-1 Oxvbenzone (150 ma) G F-2 (12/99) 1131-57-71 $150 

1485103 48510-3 Oxybutynin Chloride (200 mQ) G-1 G (11/02) [1508-65-2] $150 

1485114 48511-4 Oxybutynin Related Compound A (100 mg) G F-2 (01/00) [4335-77-7] $468 

{Phenylcyclohexvlglycolic Acid) 

148519~ 48519-1 Oxycodone CII (200 mg) 108046 H (01/03) [76-42-6] $173 

G-1 (01/01) 

1486004 48600-4 Oxymetazoline Hydrochloride (200 mg) I [2315-02-8] $150 

1487007 48700-7 Oxvmetholone CIII (200 mcil G (10/03) 1434-07-11 $173 

1488000 48800-0 Oxymorphone CII (500 mg) H0B214 2 G (03/03) [76-41-5] $173 

1489002 48900-2 Oxvohenbutazone (1 al H [7081-38-1] $150 

1490103 49010-3 Oxvauinoline Sulfate (200 mci) F-1 F (07/02) 1134-31-61 $150 

1491004 49100-4 Oxvtetracvcline (200 mg) 1-1 [6153-64-61 $150 

1491300 49130-0 Oxytocin (5 vials , 46 USP units per vial) F (50-56-6] $150 

1491503 49150-3 Padimate O (300 ma) H0B154 G (04/03) [21245-02-3] $150 

1492007 49200-7 Palmitic Acid (500 mci) I 157-10-31 $150 

1493000 49300-0 Pamoic Acid (250 ma) G-4 G-3 (01/03) 1130-85-8] $150 

1494057 49405-7 Pancreatin Amylase and Protease (2 Q) I H (10/00) 18049-47-61 $150 

1494079 49407-9 Pancreatin Lioase (2 al I H-1 (03/01) 18049-47-6] $150 

1494501 49450-1 Panthenol , Racemic (200 mg) G F-1 (02/00) [16485-10-21 $150 

1494807 49480-7 Pantolactone (500 ma) F 1599-04-21 $468 

1495005 49500-5 Papain (1 Q) H G (12/01) [9001-73-41 $150 

1496008 49600-8 Papaverine Hvdrochloride (200 mal H 161-25-61 $150 

1497000 49700-0 Paramethadione (500 mQ) G [115-67-31 $150 

*See page 1 for Change Code Interpretation www.usp.org Note: Where the Current Lot is blank the item is not in distribution 
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1498003 49800-3 Paramethasone Acetate (200 ma) G F-1 (05/01) (1597-82-6] $150 

1498706 49870-6 Parbendazole (200 mg) F r14255-87-91 $150 

1499006 49900-6 Paravline Hvdrochloride (200 mg) F-1 (306-07-0] $150 

1500003 50000-3 Paromomvcin Sulfate (125 ma) G F-3 (01/01) r1263-89-41 $150 

1500229 Paroxetine Related Compound A (20 mg) (trans-4-(p- F0B172 n/f $468 

methoxyphenyl)-3-( (3 ,4-

methvlenedioxv\ohenoxvlmethvloioeridine Hvdrochloride) 

1500230 Paroxetine Related Compound B (20 mg) (trans-4-phenyl- F0B189 n/f $468 

3-([(3,4-methvlenedioxv)ohenoxvlmethvloioeridine acetate) 

1500240 Paroxetine Related Compound C (25 mg) ((+)-trans- F0B192 (130855-30-0] $468 

oaroxetine Hvdrochloride) 

1500400 50040-0 Parthenolide (25 mq) F [20554-84-1 J $150 

1500502 50050-2 Particle Count Set (2 blanks and 2 suspensions) I H (09/02) n/f $468 

1500808 50080-8 Penbutolol Sulfate (200 ma) F (38363-32-5) $150 

1501006 50100-6 Penicillamine (200 mq) H [52-67-51 $150 

1501108 50110-8 Penicillamine Disulfide (100 ma) H G (07/00) [20902-45-8] $468 

1502009 50200-9 Penicillin G Benzathine (200 mq) J f41372-02-51 $150 

1502508 50250-8 Penicillin G Potassium (200 mg) I H (02199) [113-98-41 $150 

1502552 50255-2 Penicillin G Procaine (200 mg) F-1 F (03/99) [6130-64-9] $150 

1502701 50270-1 Penicillin G Sodium (200 ma) L-3 L-2 (09/01) [69-57-81 $150 

1504489 50448-9 Penicillin V (200 mg) F f87-08-11 $150 

1504503 50450-3 Penicillin V Potassium (200 ma) G-1 G (06/00) [132-98-91 $150 

1505007 50500-7 Pentazocine CIV (500 ma) H G-1 (11/00) [359-83-1] $173 

1505506 50550-6 Pentetic Acid (100 mq) F-1 F (09/01) f67-43-61 $150 

1507002 50700-2 Pentobarbital CII (200 ma) H-2 H-1 (08/02) (76-74-41 $173 

1508901 Pentoxvfvlline (200 mq) F0B202 1 f6493-05-61 $150 

1510007 51000-7 Peosin (5 g) F-2 (9001-75-61 $150 

1510801 51080-1 Perflubron (0.5 ml) F [423-55-21 $150 

1510845 51084-5 Peraolide Mesvlate (200 ma\ F (66104-23-2] $187 

1510867 51086-7 Perqolide Sulfoxide (50 mq) F0B014 [72822-01-61 $187 

1511000 51100-0 Perohenazine (200 mg) I (10/03) [58-39-9] $150 

1511203 51120-3 Perphenazine Sulfoxide (100 mq) G-1 G (07/02) r10078-25-81 $468 

1512002 51200-2 Phenacemide (250 ma) F [63-98-9] $150 

1513005 51300-5 Phenacetin (500 mg) H-1 H (09/00) f62-44-21 $150 

1514008 51400-8 Phenacetin Melting Point Standard (500 mg) H3A009 H-2 (02/03) (62-44-2] $88 

(Aooroximatelv 135 dearees) H-1 (06/01) 

1515000 51500-0 Phenazopyridine Hydrochloride (200 mg) G-4 f136-40-31 $150 

1516003 51600-3 Phencvclidine Hvdrochloride CII (25 ma) (AS) G1B025 G (12/02\ [956-90-11 $173 

1516502 51650-2 Phendimetrazine Tartrate CIII (350 mg) G F (01/01) f50-58-81 $173 

1517006 51700-6 Phenelzine Sulfate (200 ma) G F-1 (04/02) [156-51-41 $150 

1517301 51730-1 D-Phenethicillin Potassium /200 ma\ F n/f $468 

1517607 51760-7 L-Phenethicillin Potassium /200 ma\ F n/f $150 

1520000 52000-0 Phenformin Hydrochloride (200 mq) G f834-28-6l $150 

1522006 52200-6 Phenindione (250 ma) F (83-12-5] $150 

1522301 52230-1 Pheniramine Maleate (100 mq) F f132-20-71 $150 

1523009 52300-9 Phenmetrazine Hvdrochloride CII (200 ma) F-2 [1707-14-8] $173 

1524001 52400-1 Phenobarbital CIV (200 mg) J f50-06-61 $173 

1524908 52490-8 Phenolphthalein (250 mg) F-3 (77-09-81 $150 

1525004 52500-4 Phenolsulfonphthalein (100 mq) F-2 [143-74-81 $150 · 

*See page I for Change Code Interpretation www.uSlhQI& Note: Where the Current Lot is blank the item is not in distribution 
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1526007 52600-7 Phenoxvbenzamine Hydrochloride (250 mal G [63-92-31 $150 

1527000 52700-0 Phenprocoumon (200 ma) F-1 [435-97-21 $150 

1528002 52800-2 Phensuximide (500 mal G F-1 (03/01) 186-34-01 $150 

1528501 52850-1 Phentermine Hydrochloride CIV (200 ma) G (08/03) [1197-21-3] $173 

1529005 52900-5 Phentolamine Hydrochloride (300 mg) F 173-05-21 $150 

1530004 53000-4 Phentolamine Mesylate (200 ma) I 165-28-11 $150 

1530503 53050-3 L-Phenvlalanine (200 ma) H G (02/02) [63-91-2) $150 

1530809 53080-9 Phenylbenzimidazole Sulfonic Acid (200 mg) F (27503-81-71 $150 

1531007 53100-7 Phenylbutazone (250 ma) J0A008 1-1 (02/03) [50-33-91 $150 

1533002 53300-2 Phenylephrine Hydrochloride (125 mg) K J (02/99) (61-76-7) $119 

1533308 53330-8 5-Phenylhydantoin (100 ma) F 189-24-71 $468 

1533851 53385-1 Phenylpropanediol (100 mg) F n/f $468 

1533909 53390-9 Phenylpropanolamine Bitartrate (100 ma) (List Chemical) F 167244-90-01 $150 

1534005 53400-5 Phenylpropanolamine Hydrochloride (250 mg) J I (02/02) [154-41-6] $150 

!List Chemical) 

1535008 53500-8 Phenvtoin (200 ma) 1-1 I (04/01) 157-41-01 $150 

1535507 53550-7 Phenytoin Sodium (200 mg) H G (05/99) (630-93-3) $150 

1535700 53570-0 Phosphated Riboflavin (50 ma) G [6184-17-41 $119 

1537003 53700-3 Physostiamine Salicylate (200 mg) H-1 H (06/00) [57-64-7] $150 

1538006 53800-6 Phvtonadione (500 ma) (Vitamin K1 l M-1 M (09/01) [84-80-01 $150 

1538505 53850-5 Pilocaroine (300 mal F (92-13-7) $150 

1538902 53890-2 Pilocarpine Hydrochloride (200 mg) H [54-71-71 $150 

1539009 53900-9 Pilocaroine Nitrate (200 mal I 1148-72-11 $150 

1539508 53950-8 Pimozide (200 ma) G [2062-78-41 $150 

1539701 53970-1 Pindolol (200 ma) H-1 [13523-86-9) $150 

1541000 54100-0 Piperacetazine (250 ma) F [3819-00-91 $150 

1541500 54150-0 Piperacillin (500 ma) H 166258-76-21 $150 

1541703 54170-3 Piperazine Adipate (200 mg) F [142-88-11 $150 

1541805 54180-5 Piperazine Citrate (200 ma) F [144-29-61 $150 

1541907 54190-7 Piperazine DiHydrochloride (200 ma) F [142-64-31 $150 

1542003 54200-3 Piperazine Phosphate (200 mg) F (14538-56-8) $150 

1543006 54300-6 Piperidolate Hydrochloride (200 ma) F 1129-77-11 $150 

1544508 54450-8 Piroxicam (200 ma) H G (01/99) [36322-90-41 $150 

1545205 54520-5 Plicamycin (50 mg) H G (04/00) [18378-89-7) $461 

1545409 54540-9 Polacrilex Resin (100 ma) F n/f $150 

1545500 54550-0 Polacrilin Potassium (200 ma) F-2 F-1 (09/00) n/f $150 

1546300 54630-0 Polydimethylsiloxane (500 mg) G-5 G-4 (06/01) [9016-00-61 $150 

1546707 54670-7 Polyethylene, Hiah Density (3 strips) G F-1 (04/01) 19002-88-4] $150 

1546809 54680-9 Polyethylene, Low Density (3 strips) G F-2 (12/99) [9002-88-41 $150 

1546853 54685-3 Polvethvlene Oxide (100 ma) F-1 [25322-68-3] $150 

1546900 54690-0 Polyethylene Terephthalate (PET) (3 Strips) F [25038-59-91 $150 

1546922 54692-2 Polvethvlene Terephthalate G (PETGl (3 Strips) F [25640-14-61 $150 

1547007 54700-7 Polymyxin 8 Sulfate (200 mg) K J-1 (09/99) [1405-20-51 $150 

1547404 54740-4 Polyoxvl 50 Stearate (200 mal F (9004-99-3) $150 

1547903 54790-3 Polyoxvl 40 Stearate (200 ma) F-2 F-1 (05/00) 19004-99-31 $150 

1548000 54800-0 Polythiazide (200 mg) F-1 [346-18-91 $150 

1550001 55000-1 Potassium Gluconate (200 ma) G 1299-27-41 $150 

*See page l for Change Code Interpretation www.usp .org Note: Where the Current Lot is blank the item is not in distribution 
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1551004 55100-4 Potassium Guaiacolsulfonate (500 mg) 1-1 (07/03) (78247-49-1] $150 

I (11/00) 

1551150 55115-0 Potassium Sucrose Octasulfate (300 mg) H0B119 G-1 (04/03) (76578-81-9] $150 

G (02/01) 

1551300 55130-0 Potassium Trichloroammineplatinate (20 mg) H0B149 G-1 (01/03) I 13820-91-2] $468 

G (07/99) 

1551503 55150-3 Povidone (100 mg) F-1 F(11/01) [9003-39-8) $150 

1553000 55300-0 Pralidoxime Chloride (200 mg) G-2 G-1 (03/01) (51-15-0] $150 

G (08/99) 

1554002 55400-2 Pramoxine Hydrochloride (500 mg) I H (11/02) [637-58-11 $150 

1554501 55450-1 Prazepam CIV (500 mg) F-1 (11/02) [2955-38-6] $173 

1554603 55460-3 Praziquantel (200 mg) G F-3 (07/02) [55268-7 4-1 l $150 

F-2 (09/00) 

1554658 55465-8 Praziquantel Related Compound A (50 mg) (2-benzoyi- F-1 n/f $468 

1,2,3,6,7, 11 b-hexahydro-4 H-pyrazino (2, 1-a]isoquinolin--4-

one) 

1554669 55466-9 Praziquantei Related Compound B (50 mg) (2- F-2 F-1 (06/00) n/f $468 

(cyclohexylcarbonyl)-2,3,6, 7-tetrahydro-4 H-pyrazino [2, 1-

alisoquinolin-4-one) 

1554670 55467-0 Praziquantel Related Compound C (50 mg) (2-(N- F-2 F-1 (06/00) n/f $468 

formylhexahydrohippuroyl-1,2 ,3,4-tetrahydroisoq uinolin-1-

one) 

1554705 55470-5 Prazosin Hydrochloride (500 mq) G-1 G (02/01) 119237-84-41 $150 

1555005 55500-5 Prednisolone (200 mg) M L-1 (04/02) [50-24-8) $150 

1556008 55600-8 Prednisolone Acetate (200 mg) J 1-1 (02/02) 152-21-11 $150 

1556507 55650-7 Prednisolone Hemisuccinate (125 mg) H-1 H (02/99) [2920-86-71 $119 

1558003 55800-3 Prednisolone Tebutate (200 ma\ F [7681-14-31 $150 

1559006 55900-6 Prednisone (250 mg) L K-1 (01/02) (53-03-2) $150 

K (02/00) 

1559505 55950-5 Prednisone Tablets (Dissolution Calibrator, Disintegrating) N M (09/02) (53-03-2] $173 

(30 tablets) L (11/00) 

1561008 56100-8 Prilocaine Hydrochloride (200 mg) F-2 [1786-81-81 $150 

1561507 56150-7 Primaquine Phosphate (200 mg) F-1 163-45-61 $150 

1562000 56200-0 Primidone (200 mg) G F-6 (04/99) [125-33-71 $150 

1563003 56300-3 Probenecid (200 mq) I0A011 H-1 (03/03) [57-66-91 $150 

1563309 56330-9 Probucol (200 mg) G F-1 (01/02) [23288-49-5) $150 

1563320 56332-0 Probucol Related Compound A (25 mg) (2,2',6,6'-tetra-tert- F-1 n/f $468 

butyldiphenoquinone) 

1563331 56333-1 Probucol Related Compound B (25 mg) (4,4'-dithio-bis(2,6- F-2 F-1 (08/03) n/f $468 

di-tert-butylphenol)) 

1563342 56334-2 Probucol Related Compound C (25 mg) (4-[(3,5-di-tert- F-2 F-1 (05/00) n/f $468 

butyl-2-hydroxyphenylthio)isopropylidenethio]-2 ,6-di-tert-

butvlohenol) 

1563502 56350-2 Procainamide Hydrochloride (200 mq) H1B117 2 H (04/03) [614-39-1) $150 

1564006 56400-6 Procaine Hydrochloride (200 mq) H [51-05-81 $150 

1565009 56500-9 Procarbazine Hydrochloride (200 mg) F [366-70-1) $150 

1566001 56600-1 Prochloroerazine Maleate (200 ma\ H-1 184-02-61 $150 

1567004 56700-4 Procyclidine Hydrochloride (200 mg) G [1508-76-5) $150 

1568007 56800-7 Progesterone (200 mg) H-5 H-4 (07/02) [57-83-0) $119 

1568506 56850-6 L-Proline (200 ma\ F-2 F-1 (01/02) 1147-85-31 $150 

*See page 1 for Change Code Interpretation WWW.USILQig Note: Where the Current Lot is blank the item is not in distriburiod 
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1569000 56900-0 Promazine Hvdrochloride (200 ma) G /10/03) [53-60-11 $150 

1570009 57000-9 Promethazine Hydrochloride (500 mQ) K J-1 (10/00) [58-33-31 $150 

1570304 57030-4 Prooafenone Hvdrochloride /200 mal G F-1 /01/01) [34183-22-71 $150 

1570508 57050-8 Propantheline Bromide (200 mQ) I0A019 H (11/02) [50-34-01 $150 

1571001 57100-1 Proparacaine Hvdrochloride (200 mal G [5875-06-9] $150 

1573007 57300-7 Propoxycaine Hydrochloride (200 mQ) F [550-83-41 $150 

1574000 57400-0 Propoxyphene Hydrochloride CII (1 Q) K 11639-60-71 $173 

1575002 57500-2 Propoxyphene Napsylate CII (1 Q) H 126570-10-5] $173 

1575206 57520-6 Propoxyphene Related Compound A (50 mg) (alpha-d-4- G-5 n/f $468 

dimethylamino-1,2-diphenyl-3-methyl-2-butanol 

Hydrochloride) 

1576005 57600-5 Prooranolol Hvdrochloride (200 mg) H-1 H (09/01) [318-98-91 $150 

1576504 57650-4 Propylene Carbonate (200 mq) F [108-32-71 $150 

1576708 57670-8 Proovlene Glycol (1 ml) H G /02/99) [57-55-61 $150 

1576720 57672-0 Propylene Glycol Diacetate (250 mQ) F [623-84-71 $150 

1576800 57680-0 Proovl Gallate /200 mal G-1 G /01/03) [121-79-91 $150 

1577008 57700-8 Propylparaben (200 mQ) I H (02/00) [94-13-3] $150 

1578000 57800-0 Propylthiouracil (200 mq) G F-1 (01/00) [51-52-51 $150 

1578500 57850-0 Prostaalandin A 1 /25 mal H0B108 G /04/03) [14152-28-41 $509 

1580002 58000-2 Protriptyline Hydrochloride (200 mQ) F-1 [1225-55-41 $150 

1581005 58100-5 Pseudoeohedrine Hvdrochloride (125 mal (List Chemical) J I /05/02) [345-78-81 $119 

1581504 58150-4 Pseudoephedrine Sulfate (200 mQ) (List Chemical) G F-2 (05/02) [7 460-12-01 $150 

1584003 58400-3 Pvrantel Pamoate /1 al I H-1 /04/00) [22204-24-61 $150 

1585006 58500-6 Pyrazinamide (200 mQ) G F-2 (02/00) [98-96-41 $150 

1586009 58600-9 Pvridostiamine Bromide (200 ma) H [101-26-81 $150 

1587001 58700-1 Pyridoxine Hydrochloride (200 mQ) (Vitamin B6) p 0-1 (04/00) [58-56-0] $150 

1588004 58800-4 Pvrilamine Maleate (200 mq) H [59-33-61 $150 

1589007 58900-7 Pyrimethamine (200 mg) H G (07/02) [58-14-0] $150 

1592001 59200-1 Pyrvinium Pamoate (500 mq) G [3546-41-61 $150 

1592205 59220-5 Quazepam CIV (200 mQ) F [36735-22-51 $173 

1592227 59222-7 Quazepam Related Compound A (30 mg) (7-Chloro-1- F n/f $468 

(2,2 ,2-trifluoroethyl)-5-(2-fluorophenyl)-1,3-dihydro-2H-1,4-

benzodiazepine-2-one) 

1592409 59240-9 Quercetin (500 mq) F0B015 [6151-25-31 $150 

1593004 59300-4 Quinacrine Hydrochloride (200 mQ) F-1 [6151-30-01 $150 

1594007 59400-7 Quinethazone (1.5 g) G [73-49-4] $150 

1594506 59450-6 Quinic Acid (200 mq) F m-95-21 $150 

1595000 59500-0 Quinidine Gluconate /200 mal H1A028 H (04/03) [7054-25-31 $150 

1595509 59550-9 Quinidine Sulfate (500 mq) H-1 H /12/99) 16591-63-51 $150 

1597005 59700-5 Quinine Sulfate (200 mQ) H [6119-70-61 $150 

1597504 59750-4 Quininone (50 mg) G-1 [84-31-11 $468 

1598008 59800-8 3-Quinuclidinyl Benzilate (25 mq) H G/11/01) [6581-06-21 $495 

1598405 59840-5 Ranitidine Hydrochloride (200 mg) G [66357-59-31 $150 

1598507 59850-7 Ranitidine Related Compound A (50 mg) (5-[[(2- H G (01/01) [91224-69-0] $150 

aminoethyl)thio]methyl]-N,N-dimethyl-2-furanmethanamine 

hemifumarate) 

*See page 1 for Change Code Interpretation www.usp.org Note: Where the Current Lot is blank the item is not in distribution 
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1598609 I 59860-9 Ranitidine Related Compound B (50 mg) (N,N '-bis[2-[[[5- G F-4 (04/02) r12126-78-4J I $468 

[(dimethylamino)methyl]-2-furanyl]methyl]thio]ethyl]-2· 

nitro-1, 1-ethenediamine 

1598700 I 59870-0 I Ranitidine Related Compound C (50 mg) (N-[2-[[[5- I I I I H (05/01 ) I [73851-10-41 I $150 

[(dimethylamino)methyl]-2-furanyl]methyl]sulfinyl]ethyl]-N• 

methyl-2-nitro-1, 1-ethenediamine) 

1599000 59900-0 Rauwolfia Seroentina (15 al G [8063-17 -OJ $150 

1601000 60100-0 Reserpine (200 mg) N 150-55-51 $150 

1602003 60200-3 Resorcinol (200 ma) H-1 H (04/01) [108-46-31 $150 

1602706 60270-6 Ribavirin (200 ma) H G (08/01) [36791-04-51 $278 

1603006 60300-6 Riboflavin (500 mg) (Vitamin 82) M-1 M (11/00) [83-88-5] $150 

1603800 60380-0 Rifabutin (50 mg) GOB040 F (11/02) [72559-06-91 $150 

1604009 60400-9 Rifampin (300 mg) J I (09/00) 113292-46-11 $150 

1604202 60420-2 Rifamoin Quinone (50 ma) H G (12/01) (13983-13-61 $150 

1604600 60460-0 Rimexolone (100 ma) F [49697-38-31 $150 

1604701 60470-1 Ritodrine Hydrochloride (200 ma) G-1 [23239-51-2] $150 

1606208 60620-8 Roxarsone (200 ma) F [121-19-71 $150 

1606503 60650-3 Rutin (100 ma) F [153-18-4] $150 

1607007 60700-7 Saccharin (200 mg) G-3 G-2 (12/01) 181-07-21 $150 

1608000 60800-0 Salicvlamide (200 ma) F-4 F-3 (05/03) [65-45-21 $150 

1609002 60900-2 Salicylic Acid (125 mg) J28147 J-1 (08/03) [69-72-7] $119 

J (10/02) 

I (07/99) 

I [69-72-7] I $150 1609501 I 60950-1 I Salicylic Acid Tablets (Dissolution Calibrator, Non- 10 I I N (02/02) 

33 tablets 

1609807 60980-7 Salsalate (125 mg) G [552-94-3] $119 

1609829 60982-9 Saauinavir Mesvlate (200 ma) FOB008 r 149845-06-71 $150 

1609831 60983-1 Saquinavir Related Compound A (25 mg) (N-tert-butyl- FOB009 nit $468 

decahydro-2-[2(R)-hydroxy-4-phenyl-3(S)-[[N-(2· 

quinolylcarbonyl)-D-asparaginyl]amino]buty1]·(4aS,8aS)· 

is 

1610001 61000-1 Scooolamine Hydrobromide (250 ma) JOB051 I j 1-1 (01/03 

1611004 61100-4 Secobarbital CII (200 mg) H 

1611900 61190-0 Seleailine Hvdrochloride (200 ma) G 

1611955 61195-5 Selenomethionine (100 ma) FOB006 

1612007 61200-7 Sennosides (250 mg) H 

1612506 61250-6 L-Serine (200 ma) G F-3 (11/00 

1612608 61260-8 Silver Sulfadiazine (200 mg) I H (04/01 

1612630 61263-0 Silybin (50 ma) F 

1612641 61264-1 Silydianin (20 mg) F 

1612652 61265-2 Simethicone (50 g) G F (07/00 

1612700 61270-0 Simvastatin (200 mg) H18093 I I H 07/03 

G (02/02) 

1612801 61280-1 H I 
I F-1 (05/99 

G (10/00 

1613509 61350-9 G-1 

1613600 61360-0 F 

1614002 61400-2 H-1 H (05/01 

*See page 1 for Change Code Interpretation WWW. USQ.,Qrg Note: Where the Current Lot is blank the item is not in distribu 
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61430-8 H $150 

61450-1 H $150 

61460-3 F-1 $150 

61470-5 Sodium Ste G $150 

61600-8 1,4-Sorbitan (200 mg) I0A003 $150 

G 02100 

61700-0 Sorbitol 125 m H $119 

61800-3 F-2 $150 

61900-6 ironolacto J-1 $119 

61950-5 ualane G-1 $150 

62000-5 Stanozol F-3 $173 

62100-8 J $150 

62200-0 H-1 $119 

62300-3 J0B195 2 $150 

62350-2 Sue H $150 

62360-4 Succin lmonocholine Chloride G $468 

62362-6 Sucralose 400 m G0B028 F 04/03 $150 

62363-7 Sucrose (100 mg) H0B002 G-1 (03/03) $150 

G 05/99 

62364-8 Sufentanil Citrate CII (25 mg) H0B208 2 G (05/03) (60561-17-3] $173 

F-1 (04/02) 

F 09/99 

62367-0 Sulbactam 250 m G $150 

62368-1 F-1 F 05/02 $150 

62370-6 G $150 

62380-8 G-1 $150 

62400-6 I H 08/01 $150 

62450-5 F $150 

62500-9 I $150 

62600-1 F-3 F-2 03/99 $150 

62650-0 F-2 F-1 07/02 $150 

62800-7 H 127-79-7 $150 

62900-0 G-3 57-68-1 $150 

63000-9 F-3 F-2 01/03 144-82-1 $150 

63100-1 1-1 I 04/02 $150 

63150-0 H G 11/01 n/f $468 

63200-4 Sulfanilamide 5 N 63-74-1 $150 

63300-7 Sulfanilamide Melting Point Standard (500 mg) J-1 J (09/99) (63-74-1] $72 

63350-6 G F-2 09/00 121-57-3 $468 

63400-0 H 144-83-2 $150 

63500-2 Sulfapyridine Melting Point Standard (1 g) (Approximately J I (07/00) [144-83-2] $88 

1635206 63520-6 F0A005 59-40-5 $150 

150 1636005 63600-5 G-2 G-1 06/99 $119 

150 1636504 63650-4 H G 08/00 72-14-0 $150 

150 1637008 63700-8 G 57-96-5 $150 

150 1638000 63800-0 J 1-1 06/99 $150 

stributioD 'See page I for Change Code Interpretation WWW.US[l.Org Note: Where the Current Lot is blank the item is not in distribution 
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1639003 63900-3 Sulfisoxazole Acetyl (200 mq) H-1 [80-74-0) $150 

1640002 64000-2 Sulfisoxazole Diolamine (500 mq) F [4299-60-91 $150 

1642008 64200-8 Sulindac (200 mq) H G-1 (12/01) [38194-50-2) $150 

1642507 64250-7 Suorofen (200 mq) F 140828-46-41 $150 

1643000 64300-0 Talbutal CIII (250 mq) F [115-44-6) $173 

1643306 64330-6 Tamoxifen Citrate (200 mg) H G-2 (09/01) [54965-24-1 J $150 

G-1 (05/00) 

1643408 64340-8 Temazepam CIV (200 mg) G F (12/99) [846-50-41 $173 

1643500 64350-0 Terbutaline Sulfate (125 mq) H G (04/99) [23031-32-51 $119 

1643703 64370-3 Terconazole (200 mg) G-2 G-1(04/01) [67915-31-5] $150 

G (03/99) 

1643805 64380-5 Terfenadine (200 mQ\ H G 112/99\ [50679-08-81 $150 

1643907 64390-7 Terfenadine Related Compound A (100 mg) (1-[4-(1 , 1- G n/f $150 

dimethylethyl)phenyl]-4-[4-(hydroxydiphenylmethyl)-1-

oioeridinYll-1-butanone) 

1643929 64392-9 Terfenadine Related Compound B (50 mg) (Terfenadine- F n/f $468 

N-oxide) 

1644003 64400-3 Terpin Hydrate (750 mg) G [2451-01-6) $150 

1645006 64500-6 Testolactone CIII (125 mq) F-1 [968-93-41 $138 

1646009 64600-9 Testosterone CIII (125 mq) I 158-22-01 $138 

1647001 64700-1 Testosterone Cypionate cm (200 mg) G-1 G (08/01) [58-20-8) $173 

1648004 64800-4 Testosterone Enanthate cm (200 mq) J [315-37-71 $173 

1649007 64900-7 Testosterone Prooionate cm (200 mq\ L K-1 111/01) (57-85-2) $173 

1650006 65000-6 Tetracaine Hydrochloride (200 mq) J 1136-47-01 $150 

1651009 65100-9 Tetracycline Hydrochloride (200 mq) K 164-75-51 $150 

1652001 65200-1 Tetrahydrozoline Hydrochloride (200 mq) G1A015 G (03/03) [522-48-51 $150 

1653004 65300-4 Theoohylline (200 mq) I [58-55-91 $150 

1653106 65310-6 Theophylline Extended-Release Beads (Drug Release F-1 [58-55-9] $150 

Calibrator, Multiple Unit) (20 Q) 

1655000 65500-0 Thiabendazole (100 mg) G0A027 F-1 (04/03) [148-79-8] $150 

F (04/01) 

1656002 65600-2 Thiamine Hydrochloride (500 mg) (Vitamin B1 0 N (11/02) [67-03-8] $150 

Hydrochloride) 
M-1 (04/99) 

1656308 65630-8 Thiamylal CIII (200 mq) F [77-27-01 $173 

1657005 65700-5 Thiethylperazine Malate (200 mq) G F-1 (09/00) [52239-63-1 J $150 

1658008 65800-8 Thiethyloerazine Maleate (200 mq) F-1 [1179-69-71 $150 

1659000 65900-0 Thimerosal (500 mq) H G (12/99) [54-64-8] $150 

1660000 66000-0 Thioquanine (200 mc::i) F-1 [154-42-71 $150 

1661002 66100-2 Thiooental cm (250 mq) I [76-75-5) $173 

1662504 66250-4 Thioridazine (200 mq) H [50-52-21 $150 

1663008 66300-8 Thioridazine Hydrochloride (200 mq) H [130-61-0) $150 

1663700 66370-0 Thiostreoton 1200 ma\ F1B022 F (11/02) 11393-48-21 $150 

1664000 66400-0 Thioteoa (500 mq) I H (01/99) [52-24-41 $150 

1665003 66500-3 Thiothixene (250 mq) G 13313-26-6 I $150 

1666006 66600-6 (E)-Thiothixene (100 mq) H G-1 (05/00) [3313-27-7] $468 

1667100 66710-0 Thonzonium Bromide (200 mq) F [553-08-21 $150 

1667202 66720-2 L-Threonine (200 mq) G F-3 (12/00) [72-19-51 $150 

1667279 66727-9 Thromboplaslin, Human Recombinant (set) (1 vial F [9002-05-5] $150 

Thromboplastin and 1 vial Diluent) 

*See page 1 for Change Code Interpretation WWW.US.11.Q[,g Note: Where the Current Lot is blank the item is not in distribution 
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66730-4 Ticarcillin Monosodium Monoh drate 200m H G-1 03/99 74682-62-5 $150 

66740-6 G-1 26921-17-5 $150 

66743-9 Tioconazole 200 m H G 04/02 65899-73-2 $150 

66745-0 Tioconazole Related Compound A (25 mg) (1-[2,4- G nit $468 

Dichloro-beta-[(3-thenyl)-oxy]phenethyl]imidazole 

H drochloride 

66746-1 Tioconazole Related Compound B (25 mg) (1-[2,4- G n/f $468 

Dichloro-beta-[(2,5-dichloro-3-

then Io 

66747-2 Tioconazole Related Compound C (25 mg) (1-[2,4- G n/f $468 

Dichloro-beta-[(5-bromo-2-chloro-3-thenyl)-oxy]-

henet 

66750-8 Tobram 
$150 

66755-2 F-1 35891-93-1 $119 

66760-0 Al ha To Alcohol M $150 

66770-1 Al ha To itamin E Acetate K 7695-91-2 $150 

66780-3 Alpha Tocopheryl Acid Succinate (250 mg) (Vitamin E F-5 (4345-03-3] $150 

Succinate 

66800-1 G-2 G-1 06/00 1156-19-0 $150 

66900-4 F 59-97-2 $150 

67000-3 
H 06/00 64-77-7 $150 

67050-2 I0B064 H 09/03 64490-92-2 $150 

67100-6 Tolnaftate 200 m I 2398-96-1 $150 

67200-9 Toluenesulfonamides, ortho and para (200 mg of each F-4 F-3 (11/99) [88-19-7] (o) $468 

SU 
70-55-3 

67230-4 T F0B090 56211-40-6 $150 

67231-5 Torsemide Related Compound A (75 mg) (4-[(3- F0B071 n/f $468 

67232-6 Torsemide Related Compound B (75 mg) (N-[(n- F0B083 nlf $468 

butylamino)carbonyl]-4-[(3-methylphenyl }amino]-3-

ridinesulfonamide 

67233-7 Torsemide Related Compound C (75 mg) (N- F0B078 n/f $468 

[(ethylamino)carbonyl]-4-[(3-methylphenyl)amino]-3-

ridinesulfonamide 

67280-3 Trans latin 25 m G 14913-33-8 $468 

67350-0 Trazodone H drochloride F-2 25332-39-2 $150 

67400-4 Tretinoin (30 mg/ampule; 5 ampules) 1-1 I (01/02) [302-79-4] $150 

H 06/01 

67500-7 G-1 G 06/01 102-76-1 $150 

67600-0 H-1 124-94-7 $150 

1677002 67700-2 K J 03/99 76-25-5 $150 

1678005 67800-5 G 67-78-7 $150 

1679008 67900-8 Triamcinol G $119 

1680007 68000-7 Triamtere 
$150 

1680506 68050-6 Triaz H0B041 G-1 03/03 $173 

1680608 68060-8 F 77-94-1 $150 

1680801 68080-1 F 52-68-6 $150 

1681000 68100-0 H $150 

1682206 Triclosan 200 m F0B135 $150 

*See page 1 for Change Code Interpretation www.usg.org Note: Where the Current Lot is blank the item is not in distribution 
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1683005 68300-5 Tridihexethyl Chloride (200 mg) F-1 [4310-35-4] $150 

1683504 68350-4 Trientine Hydrochloride (125 mg) 
F-1 (09/03) [38260-01-4] $119 

F (08/96) 

1683606 68360-6 Triethyl Citrate /500 ma) F-1 F /03/02) [77-93-01 $150 

1685000 68500-0 Trifluooerazine Hydrochloride (200 ma) H0A010 G (03/03) [440-17-5] $150 

1685500 68550-0 2-[N-(2,2,2-Trifluoro-ethyl)amino-5]-chlorobenzophenone F n/f $468 

(25ma) 

1686003 68600-3 Trifluoromazine Hydrochloride /200 ma) F-1 11098-60-81 $150 

1686309 68630-9 Trifluridine (200 mg) F [70-00-8] $150 

1686310 68631-0 Trifluridine Related Compound A (20 mg) (5-Carboxy-2'- F [14599-46-3] $468 

deoxyuridine) 

1687006 68700-6 Trihexvohenidyl Hydrochloride (200 ma) J I (07/01) 152-49-31 $150 

1689001 68900-1 Trimeprazine Tartrate (200 mg) F-3 F-2 (08/01) 14330-99-81 $150 

1690000 69000-0 Trimethadione (200 mg) G 1127-48-0l $150 

1692006 69200-6 Trimethobenzamide Hydrochloride (500 ma) H-2 H-1 (06/02) 1554-92-71 $150 

1692505 69250-5 Trimethoprim (300 ma) I [738-70-5] $150 

1693009 69300-9 Trioxsalen (200 ma) G [3902-71-4] $150 

1694001 69400-1 Trioelennamine Citrate /200 ma) G F (02/03) 16138-56-31 $150 

1695004 69500-4 Tripelennamine Hydrochloride (200 mg) J [154-69-81 $150 

1696007 69600-7 Triprolidine Hydrochloride (500 mg) I H-1 (02/02) 16138-79-01 $150 

1696109 69610-9 Triprolidine Hydrochloride Z Isomer (100 ma) G F-1 (02/02) n/f $468 

1696200 69620-0 Trisalicylic Acid /100 ma) G F-1 /10/99) n/f $468 

1697000 69700-0 Troleandomycin (250 mg) F-1 12751-09-91 $150 

1698002 69800-2 Tromethamine (125 ma) G F-3 (07/99) [77-86-11 $119 

1699005 69900-5 Tropicamide (125 mg) G-1 G /02/99) 11508-75-41 $119 

1700002 70000-2 Trvosin Crvstallized (300 ma) H G (12/99) 19002-07-71 $150 

1700501 70050-1 L-Trvptophan (200 mg) G-1 G /09/00) 173-22-31 $150 

1702008 70200-8 Tubocurarine Chloride (250 ma) K-1 16989-98-61 $150 

1704003 70400-3 Tyloxapol (600 mg) H G (02/00) [25301-02-4] $150 

1704502 70450-2 Tyrooanoate Sodium /500 ma) F 17246-21-11 $150 

1705006 70500-6 L-Tyrosine (500 ma) J [60-18-4] $150 

1705301 Ubidecarenone /200 ma) F0B191 1303-98-01 $150 

1705312 Ubidecarenone for System Suitability (25 mg) F0B194 1303-98-01 $150 

1705505 70550-5 Undecylenic Acid (200 ma) G-1 G (01/02) 1112-38-91 $150 

1705800 70580-0 Uracil Arabinoside (50 ma) G F-1 /06/99) 13083-77-01 $150 

1706009 70600-9 Uracil Mustard (500 ma) F [66-75-1] $150 

1707806 70780-6 Ursodiol (125 mg) G F-1 (11/01) [128-13-2] $150 

F /09/99) 

1707908 70790-8 Valerenic Acid (25 ma) F [3569-10-6] $669 

1708503 70850-3 L-Valine (200 mg) F-2 F-1 (05/02) 172-18-41 $150 

1708707 70870-7 Valproic Acid (500 mg) J 1-1 (11/00) (99-66-11 $150 

1708729 70872-9 Valproic Acid Related Compound A (0.25 ml) (diallylacetic F1B156 F (01/03) (99-67-2] $150 

acid) 

1709007 70900-7 Vancomycin Hydrochloride (4 vials , each vial contains L K (08/01) [1404-93-9] $150 

100,500 mca ofvancomycin activitv\ 

1710006 71000-6 Vanillin (200 ma) I H (04/99) [121-33-5] $150 

1711009 71100-9 Vanillin Melting Point Standard (1 g) (Approximately J 1-1 (03/03) [121-33-5] $88 

82 dearees\ 
I (11/00) 

*See page I for Change Code Interpretation WWW.USQ:.Qig Note: Where the Current Lot is blank the item is not in distributiod 
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1711166 Vecuronium Bromide Related Compound A (25 mg) F0B178 n/f $468 

(3alpha, 17beta-diacetyl-oxy-2beta, 16beta-bispiperidinyl-

5alpha-androstan) 

1711202 71120-2 Verapamil Hydrochloride (200 ma) G F-4 (06/00) (152-11-41 $150 

1711304 71130-4 Verapamil Related Compound A (50 mg) (3,4-Dimethoxy- H G (01/01) nit $468 

alpha-[3-(methylamino)propyl]-alpha-(1-methylethyl)-

benzeneacetonitrile monoHvdrochloridel 

1711406 71140-6 Verapamil Related Compound B (50 mg) (alpha-[2-[[2- G [1794-55-4] $150 

(3,4-dimethoxyphenyl)-ethyl]methylamino]ethyl]-3,4-

dimethoxy-alpha-(1-methylethyl)-benzeneacetonitrile 

monoHvdrochloride) 

1711508 71150-8 Vidarabine (200 mg) G-1 (24356-66-9] $150 

1713004 71300-4 Vinblasline Sulfate (50 ma/ampule) L K (05/99) [143-67-91 $340 

1714007 71400-7 Vincrisline Sulfate (50 mg/ampule) O0B062 N (01/03) (2068-78-2] $461 

M /04/99) 

1715000 71500-0 Viomycin Sulfate (200 ma) F [37883-00-41 $150 

1716002 71600-2 Vitamin A (24 capsules each containing vitamin A acetate u [127-47-9] $150 

in cottonseed oil) 

1717504 71750-4 Vitamin D Assay System Suitability (1.5 a) F (67-97-0] $150 

1719000 71900-0 Warfarin (200 ma) H-2 H-1 (11/01) 181-81-21 $150 

1719102 71910-2 Warfarin Related Compound A (50 mg) (3-(o- G (37209-23-7] $150 

hydroxvohenyl)-5-phenyl-2-cyclohexen-1-one) 

1720000 72000-0 Xanthanoic Acid (100 ma) G-1 G (12/00) 182-07-51 $468 

1720203 72020-3 Xanthone (100 ma) F-1 [90-47-1] $468 

1720407 72040-7 Xvlazine (200 ma) F 17361-61-71 $150 

1720429 72042-9 Xylazine Hydrochloride F [23076-35-9] $150 

1720600 72060-0 Xylitol (1 g) G0B037 F-3 (11/02) [87-99-0] $150 

F-2 /05/00) 

1721002 72100-2 Xvlometazoline Hvdrochloride /125 mal 10B101 H-1 (05/03) 11218-35-5] $119 

1722005 72200-5 Xylose (1 a) F 158-86-6] $150 

1724000 72400-0 Yohimbine Hydrochloride (200 mg) F (65-19-0] $150 

1724306 72430-6 Zalcitabine (200 ma) F 17 481-89-21 $150 

1724317 Zalcitabine Related Compound A (50 mg) (2',3'-Didehydro- F0B234 1 (7481-88-1] $468 

2' ,3' -dideoxvcv1idine) 

1724500 72450-0 Zidovudine (400 mg) G F (09/01) [30516-87-11 $150 

1724521 72452-1 Zidovudine Related Compound B (25 mg) (3'-chloro-3'- G0B116 F-1 (03/03) (25526-94-7] $150 

deoxy1hymidine) F (06/01) 

1724532 72453-2 Zidovudine Related Compound C (100 ma) (thvminel F-1 F (09/01) 165-71-41 $468 

1724805 72480-5 Zolazepam Hydrochloride (500 mg) F-1 F (05/02) 133754-49-31 $150 

ibution *See page l for Change Code Interpretation www.usp .org Note: Where the Current Lot is blank the item is not in distribution 
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CROSS REFERENCE LIST 

Former 

Cat. No. 

00200-6 

02200-3 

02250-2 

02380-0 

02420-2 

02240-6 

02460-0 

02490-5 

02610-6 

02620-8 

06300-0 

07350-3 

07480-1 

07500-4 

08650-5 

11230-0 

11310-9 

11320-0 

11330-2 

11400-0 

11500-2 

11510-4 

11550-1 

Former Description/Cross Reference 

5-Acetamido-3-amino-2,4,6-triiodobenzoic Acid (50 mg) 

3-Amino-4-carboxamidopyrazole Hemisulfate (50 mg) 

Limit Test 

4-Amino-6-chloro-1 ,3-benzenedisulfonamide (100 mg) 

2-Amino-2'-chloro-5-nitrobenzophenone (25 mg) 

Cat. No. 

1184027 

1013024 

1057507 

1140338 

4-Amino-6-chloro-N-3-methyl-m-benzenedisulfonamide I 1424018 

100 mo) (Limit Test 

2-Amino-4-chlorophenol (50 mg) (Limit Test) I 1130527 

3-Amino-4-(2-chloro-phenyl)-6-nitrocarbostyril (25 mg) I 1140327 

Limit Test 

2-Amino-2' ,5-dichlorobenzophenone (25 mg) (Limit Test) I 1370338 

3-Amino-4-phenoxy-5-sulfamoylbenzoic Acid (25 mg) 11078325 

Limit Test 

alpha-Aminopropiophenone HCI (50 mg) (Limit Test) 

5-Benzyl-3,6-dioxo-2-piperazineacetic Acid (250 mg) 

Limit Test 

2-(4-Biphenylyl)propionic Acid (100 mg) (Limit Test) 

N,N'-Bis-(1,3-dihydroxy-2-propyl)-5-amino-2,4,6-

triiodoisophthalamide (50 mg) (Limit Test 

4,4'-Bis[4-(p-chlorophenyl)-4-hydroxypiperidino]

butvrophenone (25 mo) (Limit Test 

Calcium Formyltetrahydrofolate (50 mg) (AS) (For 

Oualitiative Use Onl 

p-Chlorobenzhydrylpiperazine (25 mg) 

1096804 

1043728 

1285760 

1344724 

1303013 

1286027 

1333058 

6-Chloro-4-(o-chloro-phenyl)-2-quinazolinecarboxaldehyde I 1370349 

25 mol (Limit Test 

4-(o-chloro-phenyl)-2-quinazolinecarboxylic Acid 

Limit Test 

4-(o-chloro-phenyl)-2-quinazoline Methanol 

1370350 

1370360 

1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one I 1468400 

Limit Test 

2-Chloro-4-N-furfuryl-amino-5-sulfamolybenzoic acid 

50 mo) (Limit Test 

2-Chloro-3,5-dimethyl-phenol (50 mg) (Limit Test) 

1110020 

1287020 

1122722 

New Description 

Diatrizoic Acid Related Compound A (50 mg) (5-Acetamido-

3-amino-2,4,6-triiodobenzoic Acid 

Allopurinol Related Compound A (50 mg) (3-Amino-4-

carboxamidopyrazole Hemisulfate 

Benzothiadiazine Related Compound A (100 mg) (4-Amino-

6-chloro-1,3-benzenedisulfonamide 

Clonazepam Related Compound B (25 mg) (2-Amino-2'

chloro-5-nitrobenzophenone 

Methyclothiazide Related Compound A (100 mg) (4-Amino-

6-chloro-N-3-methyl-m-benzenedisulfonamide 

Chlorzoxazone Related Compound A (25 mg) ( 2-Amino-4-

chlorophenol 

Clonazepam Related Compound A (25 mg) (3-Amino-4-(2-

chlorophenyl)-6-nitrocarbostvril 

Lorazepam Related Compound B (25 mg) (2-Amino-2',5-

dichlorobenzophenone 

Bumetanide Related Compound A (25 mg) (3-Amino-4-

henoxv-5-sulfamoylbenzoic Acid 

Cathinone HCI Cl (50 mg) (alpha-Aminopropiophenone 

HCI 

Aspartame Related Compound A (75 mg) (5-Benzyl-3,6-

dioxo-2-piperazineacetic Acid 

Flurbiprofen Related Compound A (100 mg) (2-(4-

Biphenvlvl)propionic Acid 

lopamidol Related Compound A (50 mg) (N,N'-Bis-(1,3-

dihydroxv-2-propyl)-5-amino-2,4,6-triiodoisophthalamide 

Haloperidol Related Compound A (25 mg) (4,4-Bis[4-p

chlorophenyl)-4-hydro 

Folic Acid Related Compound A (50 mg) (Calcium 

Formvltetrahvdrofolate 

Hydroxyzine Related Compound A (25 mg) (p

Chlorobenzhydrylpiperazine 

Lorazepam Related Compound C (25 mg) (6-Chloro-4-(o

chlorophenyl)-2-quinazolinecarboxaldehyde 

Lorazepam Related Compound D (25 mg) (6-Chloro-4-(o

chlorophenvl)-2-quinazolinecarboxvlic Acid 

Lorazepam Related Compound E (25 mg) (6-Chloro-4-(o· 

chlorophenyl)-2-quinazoline Methanol 

Nordazepam CIV (50 mg) (7-Chloro-1 ,3-dihydro-5-phenyl-

2H-1,4-benzodiazepin-2-one 

Chlordiazepoxide Related Compound A (25 mg) (7-Chloro-

1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one 4-oxide 

Furosemide Related Compound A (50 mg) (2-Chloro-4-N· 

furfurvlamino-5-sulfamoylbenzoic Acid 

Chloroxylenol Related Compound A (50 mg) (2-Chloro-3,5-

dimethyl-phenol 

*See page 1 for Change Code Interpretation www.usp.org Note: Where the Current Lot is blank the item is not in di 
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CROSS REFERENCE LIST 

1268820 

32720-4 

33010·7 

42420-0 

42430-2 

46660-8 

49400-2 

53180-1 

53350-1 

54500-1 

61500-5 

68800-9 

Former Description/Cross Reference Cat. No. 

(o-Chlorophenyl)diphenyl-methanol (25 mg) (Limit Test) 1141024 

4-(4-Chlorophenyl)-2-pyrrolidinone (75 mg) (Limit Test) 1048222 

4-Chloro-5-sulfamoylanthranilic Acid (100 mg) (Limit Test) 11287030 

Cyclosporine U (25 mg) I 1158650 

alpha-d-4-Dimethylamino-1,2-diphenyl-3-methyl-2-butanol I 1575206 

HCI (125 mg) (Limit Test 

Etoposide Related Compound A (25 mg) (4"· 11268852 

Demethylepipodophyllotoxin 9-[ 4,6-0-( R)-ethylidene-alpha-

3-Hydroxy-1-methylquinuclidinium Bromide (250 mg) I 1135021 

I Methylcellulose Phthalate (100 m 1335304 

Melting Point Standard - Acetanilide (500 mg; approximately! 1004001 

114 deorees 

Melting Point Standard • Caffeine ( 1 g; approximately 236 11086006 

deorees 

Melting Point Standard - Phenacetin (500 mg; I 1514008 

approximately 135 degrees 

Melting Point Standard • Sulfanilamide (1 g; approximately I 1633007 

165 degrees 

Melting Point Standard • Sulfapyridine (2 g; approximately I 1635002 

191 deorees 

Melting Point Standard - Vanillin (1 g; approximately 82 I 1711009 

deorees 

2-Methylamino-5-chlorobenzophenone (25 mg) (Limit Test) I 1185020 

3-O-Methylcarbidopa (50 mg) 

3-Nitro-4-phenoxy-5-sulfamoylbenzoic Acid (25 mg) 

Limit Test 

Pancreatin (2 g) 

Phenylcyclohexylglycolic Acid ( 100 mg) (Limit Test) 

alpha-Phenyl-2-piperidineacetic Acid HCI (50 mg) 

Plastic, Neoative Control 

Sodium Taurocholate (20 

3-(3,4,6-Trihydroxyphenyl)-alanine (50 mg) (Limit Test) 

Vitamin B1 Hydrochloride 

1095517 

1078336 

1494057 

and/or 

1494079 

1485114 

1434022 

1546707 

1071304 

1361010 

1656002 

New Description 

Clotrimazole Related Compound A (25 mg) ((o

Chlorophenyl)diphenyl-methanol 

Baclofen Related Compound A (50 mg) (4-(4· 

Furosemide Related Compound B (100 mg) (4-Chloro-5-

sulfamoylanthranilic Acid 

Cyclosporine Resolution Mixture (25 mg) (Replaces Cat. 

No. 15870-8 Cyclosporine U (25 m 

Propoxyphene Related Compound A (50 mg) (alpha-d-4-

Dimethylamino-1,2-diphenyl-3-methyl-2-butanol HCI 

Etoposide Resolution Mixture (30 mg) (Replaces Cat. No. 

1268820, Etoposide Related Compound A) 

Clidinium Bromide Related Compound A (250 mg) (3· 

Acetanilide Melting Point Standard (500 mg) (Approximately 

114 degrees 

Caffeine Melting Point Standard (1 g) (Approximately 236 

deorees 

Phenacetin Melting Point Standard (500 mg) (Approximately 

135 deorees 

Sulfanilamide Melting Point Standard (500 mg) 

rees· 

Sulfapyridine Melting Point Standard (1 g) (Approximately 

191 deorees 

Vanillin Melting Point Standard (1 g) (Approximately 82 

deorees 

Diazepam Related Compound A (25 mg) (2-Methylamino-5-

chlorobenzophenone 

Carbidopa Related Compound A (50 mg) (3-O

Methylcarbidopa 

Bumetanide Related Compound B (25 mg) (3-Nitro-4-

henoxv-5-sulfamoylbenzoic Acid 

Pancreatin Amylase and Protease (2 g) and/or 

Pancreatin Lipase (2 g) 

Oxybutynin Related Compound A (100 mg) 

colic Acid 

Methylphenidate Related Compound A (50 mg) (alpha

Ph 

Pol 

Bil 

Levodopa Related Compound A (50 mg) (3-(3,4,6-

Trihvdr 

Thiamine HCI (500 mo) (Vitamin B1 Hydrochloride 

distributi1 *See page 1 for Change Code Interpretation www.usp.org Note: Where the Current Lot is blank the item is not in distribution 
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CROSS REFERENCE LIST 

Former 

Cat. No. Former Description/Cross Reference Cat. No. New Description 

Vitamin 82 1603006 Riboflavin (500 ma) (Vitamin 82) 

Vitamin 83 1462006 Niacinamide (500 ma) (Vitamin 83) 

Vitamin 85 1087009 Calcium Pantothenate (200 ma) (Vitamin 85) 

Vitamin 86 1587001 Pyridoxine HCI (200 ma) (Vitamin 86) 

Vitamin 812 1152009 Cyanocobalamin (1.5 g of mixture with mannitol; 10.7 

mcq/mg of mixture) (Vitamin 812) 

Vitamim Be 1286005 Folic Acid (500 mg) (Vitamin M or Vitamin Be) 

Vitamin C 1043003 Ascorbic Acid (1 al (Vitamin Cl 

Vitamin D2 1239005 Ergocalciferol (150 mg; 30 mg/ampule; 5 ampules) 

'Vitamin D2) 

Vitamin D3 1131009 Cholecalciferol (30 ma/amoul; 5 amouls) (Vitamin D3) 

Vitamin E Alcohol 1667600 Aloha Tocooherol (250 ma) (Vitamin E Alcohol) 

Vitamin E Acetate 1667701 Alpha Tocopheryl Acetate (250 mg) (Vitamin E Acetate) 

Vitamin E Acid Succinate 1667803 Alpha Tocopheryl Acid Succinate (250 mg) (Vitamin E 

Succinate) 

Vitamin K1 1538006 Phvtonadione (500 ma) (Vitamin K1) 

Vitamin K3 1381006 Menadione (200 ma) (Vitamin K3) 

Vitamin M 1286005 Folic Acid /500 ma) (Vitamin M or Vitamin Be) 

*See page 1 for Change Code Interpretation WWW. USQ:..Qrg Note: Where the Current Lot is blank the item is not in distributiodt 
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DIETARY SUPPLEMENT REFERENCE STANDARDS AVAILABLE FROM USP 

Former 
Former 

No. Cat. No. Description Curr. Lot Price Cat. No. Cat. No. Description Curr. Lot Price 

GARLIC 

AMINO ACIDS 1012145 01214-5 F $150 

1012509 01250-9 L-Alanine (200 ma) F-2 $150 

1021000 02100-0 Aminocaproic Acid (200 mg) F-4 $150 

1012950 01295-0 

1115556 11555-6 

1294848 29484-8 

F 

F 

L-gamma-Glutamyl-S-allyl-L- F 

$1,466 

$150 

$649 

1042500 04250-0 L-Aroinine (200 mg) G-1 $150 

: 1042601 04260-1 Arginine Hydrochloride (125 G0B060 $119 1411504 41150-4 G $150 

n,ql 

1161509 16150-9 L-Cysteine Hydrochloride H $150 

(200 mal 

FEVERFEW 

I 1500400 I 50040-0 I Parthenolide (25 mg) $150 

1295800 29580-0 Glycine (200 mg) F-3 $150 

1308505 30850-5 L-Histidine (200 mal G0A018 $150 

GARLIC FLUID EXTRACT 

I 1013057 I 01305-7 I S-Allyl-L-Cysteine (25 mg) I F $468 

1349502 34950-2 L-lsoleucine (200 mg) F-2 $150 GINGER 

1357001 35700-1 L-Leucine (200 mg) G-1 $150 1091108 09110-8 G-1 $150 

1359903 35990-3 Levocamitine (400 mg) $150 1291504 29150-4 F $150 

1359925 35992-5 Levocamitine Related F-1 $150 

Compound A (100 mg) (3-
GINKGO 

carboxy-N,N,N-trimethyl-2-
1592409 59240-9 F0B015 $150 

orooen-1-aminium chloride) 
1606503 60650-3 F $150 

1371501 37150-1 L-Lvsine Acetate (200 mal F $150 MILK THISTLE 

1372005 37200-5 L-Lysine Hydrochloride (200 H $150 1612630 61263-0 F $150 

mal 1612641 61264-1 F $150 

1411504 41150-4 L-Methionine (200 mo) G $150 SAW PALMETTO 

i 1530503 53050-3 L-Phenvlalanine (200 mo) H $150 

i 1568506 56850-6 L-Proline (200 ma) F-2 $150 

1612506 61250-6 L-Serine (200 mal G $150 

1667202 66720-2 L-Threonine (200 mQ) G $150 

i 1700501 70050-1 L-Trvotoohan (200 mg) G-1 $150 

1705006 70500-6 L-Tvrosine (500 mg) J $150 

I 1708503 70850-3 L-Valine (200 mal F-2 $150 

1424233 42423-3 

1424244 42424-4 

1424255 42425-5 

1430305 43030-5 

1430327 43032-7 

1430349 43034-9 Meth I Li 

1431501 43150-1 Me IM 

F 

F 

F 

F 

F 

F 

F 

$150 

$150 

$150 

$150 

$150 

$150 

$150 

BOTANICALS 
1431556 43155-6 Me 10 

1431603 43160-3 

F 

F 

$150 

$150 

1431625 43162-5 F $150 

CHAMOMILE 

~040708 I 04070-8 I Apigenin-7-Glucoside (30 mg) I F $468 
1437508 43750-8 F $150 

ST. JOHN'S WORT 

CAPSAICIN/CAPSICUM I 1335202 I 33520-2 I Hyperoside (50 mg) $822 

$150 
VALERIAN 

$150 

CRANBERRY LIQUID 
I 1707908 I 70790-8 I Valerenic Acid (25 mg) $669 

1134368 13436-8 F-1 $150 VITAMINS-MINERALS 
1181302 18130-2 Dextrose 500 J-1 $119 

1286504 28650-4 Fructose 125 1-2 

1374601 37460-1 Malic Acid (Racemic) (200 G0B158 

$119 

$150 
1043003 04300-3 Ascorbic Acid (1 g) (Vitamin O0B012 

C 

$150 

1071508 07150-8 Biotin 200 H1B019 $150 

1594506 59450-6 F $150 1086356 08635-6 F-1 $150 

1617000 61700-0 H 

1623637 62363-7 H0B002 

$119 

$150 
1087009 08700-9 Calcium Pantothenate (200 N-1 

Vitamin B5 

$150 

~stributi~ *See page 1 for Change Code Interpretation www.usp.org Note: Where the Current Lot is blank the item is not in distribution 
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DIETARY SUPPLEMENT REFERENCE STANDARDS AVAILABLE FROM USP 

Former 
Cat. No. lcat. No. Description 

VITAMINS-MINERALS Cont. 

1131009 13100-9 Cholecalciferol (30 

mg/ampule; 5 ampules) 

(Vitamin D3) 

1131803 13180-3 Delta 4,6-cholestadienol (30 

mg) 

1152009 15200-9 Cyanocobalamin (1.5 g of 

mixture with mannitol; 10.7 

mcg/mg of mixture) (Vitamin 

812) 

1179504 17950-4 Dexpanthenol (500 mg) 

1239005 23900-5 Ergocalciferol (150 mg; 30 

mg/ampule; 5 ampules) 

(Vitamin D2l 

1241007 24100-7 Ergosterol (50 mg) 

1286005 28600-5 Folic Acid (500 mg) (Vitamin 

M or Vitamin Bel 

1286027 28602-7 Folic Acid Related Compound 

A (50 mg) (Calcium 

F ormyltetrahydrofolate l 

1381006 38100-6 Menadione (200 mg) (Vitamin 

K3) 
1461003 46100-3 Niacin (200 mo) 
1462006 46200-6 Niacinamide (500 mg) 

(Vitamin B3) 

*See page 1 for Change Code Interpretation 

Curr. Lot 

M0B157 

F 

N 

I 

0 

H 
p 

H-1 

H-3 

H-1 
M-1 

Former 
Price Cat. No. Cat. No. Description Curr. Lot Price 

1494501 49450-1 Racemic Panthenol (200 mo) G $150 
1494807 49480-7 Pantolactone (500 mal F $468 
1538006 53800-6 Phytonadione (500 mg) M-1 $150 

(Vitamin K1) 

$153 1550001 55000-1 Potassium Gluconate (200 G $150 
mal 

1587001 58700-1 Pyridoxine Hydrochloride (200 p $150 
mal (Vitamin B6) 

$150 1603006 60300-6 Riboflavin (500 mg) (Vitamin M-1 $150 
B2) 

$150 
1613509 61350-9 Sodium Ascorbate (200 mg) G-1 $150 
1614002 61400-2 Sodium Fluoride (1 g) H-1 $150 
1656002 65600-2 Thiamine Hydrochloride (500 0 $150 

mg) (Vitamin B1 
Hydrochloride) 

$154 
1667600 66760--0 Alpha Tocopherol (250 mg) M $150 

(Vitamin E Alcohol) 
$162 1667701 66770-1 Alpha Tocopheryl Acetate K $150 

(250 mal (Vitamin E Acetate) 
1667803 66780-3 Alpha Tocopheryl Acid F-5 $150 

$150 
Succinate (250 mg) (Vitamin 
E Succinatel 

$150 1716002 71600-2 Vitamin A (24 capsules each u $150 
containing vitamin A acetate 
in cottonseed oil) 

$150 1717504 71750-4 Vitamin D Assay System F $150 
Suitability (1 .5 q) 

$150 OTHER DIETARY SUPPLEMENTS 

$150 1133638 13363-8 F $150 

$150 1150353 15035-3 F $150 
1611955 61195-5 F0B006 $150 

www.usp.org Note: Where the Current Lot is blank the item is not in distribution 
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CONTROLLED SUBSTANCES REFERENCE ST AND ARDS AVAILABLE FROM USP 

Former Curr. Cal Former Curr. 

Cal No. Descrl tlon Lot Price No. Cal No. Descrl tlon Lot Price 

01290-6 Alfentanil HCI CII (500 mg) F0B016 $166 1370305 37030-5 Lorazepam CIV (200 mg) H0B023 $173 

01290-6 Allentanil Hydrochloride CII (500 mg) F0B016 $173 1371002 37100-2 Lysergic Acid Dielhylamide Tartrate (LSD) Cl $173 

01400-5 Alphaprodine Hydrochloride CII (250 mg) F $173 (10 mg) (AS)) 

01500-8 Alprazolam CIV (200 mg) H $173 1375309 37530-9 Mazindol CIV (350 mg) H $173 

03000-1 Amobarbital CII (200 mg) F-2 S173 1383001 3830o-1 Meperidine Hydrochloride CII (200 mg) $173 

03600-8 Anileridine Hydrochloride CII (250 mg) F $173 1386000 38600-0 Mephobarbital CIV (250 mg) G $173 

04200-0 Aprobarbital CIII (200 mg) (AS) F-1 $173 1389008 38900-8 Meprobamate CIV (200 mg) G-1 $173 

05900-3 Benzphetamine Hydrochloride CIII (200 mg) F-1 $173 1398009 39800-9 Methadone Hydrochloride CII (200 mg) 10B163 $173 

(AS) 1399001 39900-1 Melhamphetamine Hydrochloride CII (125 mg) $173 

07870-0 Buprenorphine Hydrochloride CIII (50 mg) F-1 $173 1404000 40400-0 Melhaqualone Cl (500 mg) F-1 $173 

07900-0 Butabarbital CIII (200 mg) G $173 1405002 40500-2 Melharbital CIII (200 mg) F-2 $173 

08100-2 Butalbital CIII (200 mg) G2B077 $173 1413000 4130o-0 Methohexital CIV (500 mg) F-2 $173 

08250-4 Butorphanol Tartrate CIV (500 mg) S173 1425000 42500-0 4-Methyl-2,5-dimelhoxyamphetamine F $173 

08900-4 Cannabidiol Cl (25 mg) (AS) F-2 $173 Hydrochloride (STP) Cl (25 mg) (AS) 

09000-3 Cannabinol Cl (25 mg) (AS) $173 1429000 42900-0 Melhylenedioxy-3,4-amphetamine F-1 $173 

09680-4 Cathinone Hydrochloride Cl (50 mg) (alpha- $468 Hydrochloride (MDA) Cl (25 mg) (AS) 

Aminopropiophenone Hydrochloride) 1447002 44700-2 G $173 

10900-0 Chlordiazepoxide CIV (200 mg) 10B063 $173 
1448005 44800-5 L0B056 $277 

11000-9 Chlordiazepoxide Hydrochloride CIV (200 mg) G-4 $173 
1452002 45200-2 $173 

14030-5 Clonazepam CIV (200 mg) G $173 
1453526 45352-6 Naltrexone Related Compound A CII (30 mg) F $173 

14050-9 Ctorazepate Dipotassium CIV (125 mg) GOBW $173 

14050-9 Clorazepate Dipotassium CIV (125 mg) GOBW $173 1454008 45400-8 F-3 $468 

1430o-8 Cocaine Hydrochloride CII (250 mg) H-2 $173 1455000 45500-0 $173 

14380-2 Codeine N-Oxide Cl (50 mg) G0A!l34 $173 1456003 45600-3 H $173 

14400-0 Codeine Phosphate CII (100 mg) 1-1 $173 1468400 46840-0 Nordazepam CIV (50 mg) (7-Chloro-1,3- H1B035 $468 

14S00-3 Codeine Sullate CII (250 mg) H-2 $173 

18000-4 Dextroamphetamine Sulfate CII (500 mg) H $181 1473002 47300-2 H $468 

18300-2 Diacety1morphine Hydrochloride (Heroin J $173 1482003 48200-3 Oxandrotone CIII (50 mg) G0B22 $173 

Hydrochloride) Cl (25 mg) (AS) 0 

18S00-8 Diazepam CIV (100 mg) $173 1483006 48300-6 G-1 $173 

1187207 18720-7 Dichloralphenazone CIV (200 mg) F0B010 $173 1485191 48519-1 10B046 $173 

1194009 19400-9 Diethylpropion Hydrochloride CtV (200 mg) H $173 1487007 48700-7 $173 

1200804 20080-4 Dihydrocodeine Bitartrate CII (200 mg) H $173 1488000 48800-0 H0B214 $173 

1219008 21900-8 Diphenoxylate Hydrochloride CII (200 mg) $173 1505007 50500-7 H $173 

1258305 25830-5 EthchloNynol CIV (0.7 ml) F0B011 $173 1507002 50700-2 H-2 $173 

1270005 27000-5 Fentany1 Citrate CII (100 mg) J2B227 $173 1516003 51600-3 G18l5 $173 

1280009 28000-9 Fluoxymesterone CIII (200 mg) G-2 $173 1516502 51650-2 G $173 

1285002 28S00-2 Flurazepam Hydrochloride CIV (200 mg) $173 1523009 52300-9 F-2 $173 

1295006 29500-6 Glutethimide CII (500 mg) F $173 1524001 52400-1 $173 

1302305 30230-5 Halazepam CIV (200 mg) F $173 1528501 52850-1 G $173 

1307003 30700-3 Hexobarbital CIII (500 mg) F $173 1554501 55450-1 $173 

1315001 31500-1 Hydrocodone Bitartrate CII (250 mg) J0A026 $173 1574000 57400-0 K $173 

1323000 3230o-0 Hydromorphone Hydrochloride CII (50 mg) $173 1575002 57500-2 H $173 

1356009 35S00-9 Ketamine Hydrochloride CIII (250 mg) G-2 $173 1592205 59220-5 F $173 

1359506 35950-6 Levmetamfetamine CII (75 mg) F $173 1611004 61100-4 H $173 

1362001 36200-1 Levo-alpha-acety1melhadol Hydrochloride CII S173 1620005 62000-5 F-3 $173 

(25 mg) (AS) 1623648 62364-8 H0B208 $173 

1364007 36400-7 Levorphanol Tartrate CII (500 mg) H $173 1643000 64300-0 F $173 

tributioP 
1643408 64340-8 G $173 

*See page 1 for Change Code Interpretation WWW.USQ.org Note: Where the Current Lot is blank the item is not in distribution 
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CONTROLLED SUBSTANCES REFERENCE ST AN DAROS AVAILABLE FROM USP 

Cat Former Curr. Cal Former Curr. 

No. Cal No. Description Lot Price No. Cal No. Descrlotfon Lot 

1645006 6450().6 Testolactone GIii (125 ma\ F-1 $138 1649007 64900-7 Testosterone ProDionate Clll 1200 mg) L 

1646009 64600-9 Testosterone GIii (125 ma\ I $138 1656308 65630-8 Thiamvlal CUI (200 ma) F 

1647001 64700-1 Testosterone Cypionate GIii (200 mg) G-1 $173 1661002 66100-2 

1648004 64800-4 Testosterone Enanthate GIii (200 mg) J $173 1680506 68050-6 I Triazolam CIV (200 mg) I H0B041 

*See page 1 for Change Code Interpretation www.usQ.:.Qrg Note: Where the Current Lot is blank the item is not in 
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A~L UNDER □NE COVER. 

EASY Ta FIND. 

The USP Dictionary of USAN and International 

Drug Names. For the answers to those critical 

questions that come up every day. For the details 

you want to get right. Instantly, and easily. 

Whether it's drug names (brand, generic, or 

other), formulas, manufacturers, therapeutic 

categories, CAS numbers, or more, get them 

from a single source-the USP Dictionary. 

Arranged in a well-organized and cross-refer

enced format. No other resource is as current, 

complete, or easy to use. 
THE USP 

DICTIONARY ••• The dictionary from USP. The industry's trusted 

leader in standards and information since t 820. 
ESSENTIAL 

THE 2002 EDITION IS CURRENTLY AVAILABLE, THE 2003 EDITION WILL 

PUBLISH IN APRIL RESERVE YOUR COPY TODAY, CALL 1-B00-227·B772 

□R 30 1 ·BB 1 ·0666, 
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1cial USP Reference Standards m Prices Effective January 1, 2003 
Order Form 

ase print names, Catalog Numbers (please do not list Former Catalog Numbers), and prices as listed in the Reference 
ndards Catalog. (For controlled substances-Cl, CII , CIII , CIV, CV-shipping to a foreign address, please add $25.00 per 

it and provide appropriate paperwork. Call USP Customer Service at 301-881-0666 for a list of required documents.) 

Prices subject to change. USP Reference Standards are not returnable for exchange or refund. 
Quantity Discounts: 5-24 of same item ordered at one time=5% discount; 25 or more of same item 
ordered at one time=10% discount. 

" Maryland residents add 5% sales tax. 

.,.. Domestic orders are shipped via air courier (courier chosen by USP) at a charge of $9 to a STREET 
ADDRESS ONLY (no P.O. boxes). Customers may choose their own courier at a shipping charge of $25. 
All shipping charges are per total order . 

.... Foreign orders are shipped via air courier. Charges are per total order and in U.S. dollars. 
Canadian orders from Ontario for noncontrolled substances are shipped at a charge of $9 (courier 
chosen by USP) to a STREET ADDRESS ONLY (no P.O. boxes). Customers may choose their own 
courier at a shipping charge of $25. Orders for noncontrolled substances from all other Canadian 
provinces are shipped at a charge of $60. Canadian orders for controlled substances will be shipped 
at a charge of $195. 

Orders from outside the U.S. and Canada are shipped at the following charges: 
$60 for noncontrolled substances and $195 for controlled substances. 

NAME 

ORGANIZATION 

ADDRESS (WE CANNOT DELIVER TO A P.O. BOX) 

CITY 
( 
TI:LEPHONE 

) 
FAX NUMBER 

STATE 

0 Charge my: □ MasterCard □ VISA D Amex 

ACCOUNT NUMBER 

CARDHOLDER'S NAME 

CARDHOLDER'S SIGNATURE 

ZIP COUNTRY 

E-MAIL 

EXPIRATION DATE 

D Enclosed is my check for$. ______ _ . Make checks payable to USP (in U.S. dollars, 
microcoded, and drawn on a U.S. bank). 

D Bill me. (Available for U.S. orders only. Prior credit approval required for orders exceeding $2,000. For 
credit approval, call 1-800-227-8772, ext. 8177; or 301-881-0666, ext. 8177; or e-mail em@usp.org.) 

P.O. # (REQUIRED: INCLUDE P.O. WITH ORDER.) SIGNATURE 

TOTAL 

TOTAL LESS DISCOUNTS* 

TAX** + 

DOMESTIC SHIPPING*** + 

FOREIGN SHIPPING**** + 

GRAND TOTAL 

GGAZRE 

D USP Reference Standards Catalog on Internet: 
www.usp.org/dsd/refstd/ 

.Z 800-227-8772 or 301-881-0666 

a 
181 

Fax order form to 301-816-8148 

Completed order form with payment can be 
mailed to: USP 

Customer Service Department 
12601 Twinbrook Parkway 
Rockville, MD 20852 
USA 

0 I expect to be ordering reference standards on 
a regular basis. Please add my name to the USP 
Reference Standards Catalog mailing list. 

□ Please send me information on USP products. 

2 D Please send bank information for wire transfer. 

I 



2003 USP Standards Publications Order Form 

• Item No. Product Description 
Unit Qty 
Price 

USP-NF Print 
' 

(annual subscription includes hardcover and two Supplements) 

2932001 □ 1-year USP 26-NF 21 $609.00 

2232002 □ 2-year USP 26-NF 21 and USP 27-NF 22 $1178.00 

To order USP 25-NF 20, please call the number below. ($589/yr) 

2963012 USP-NF Online (Internet)* 
(subscription includes cumulative updates published during 
a 12-month period) 

1-year option only $670.00 

' For more than 10 users, or for the Intranet format, 
per user 

please call for pricing. 
Requires Microsotte Internet Explorer, version 4.x, 5.x, or 6.0. 

USP-NF Single-user CD 
(annual subscription includes cumulative CDs through 
Supplement Two) 

2932201 □ 1-year USP 26-NF 21 $869.00 

2932202 □ 2-year USP 26-NF 21 and USP 27-NF 22 $1669.00 
($834.50/yr) 

Pharmacopeial Forum (PF) Print 
(annual subscription includes six bimonthly issues, Jan.-Dec.) 

2832128 □ 1-year PF 29 $469.00 

□ 2-year PF 29 & PF30 ... 
,._ ·---.. , .. -······· 

$898.00 
·--

2832139 

PF Online (Internet)* ... 

($449/yr) 

2833101 
(subscription includes bimonthly updates published during 
a 12-month period and back issues since January '02.) 

1-year option only $515.00 
per user 

'For more than 10 users, please call for pricing. 
Requires Microsoft0 Internet Explorer, version 4.x, 5.x, or 6.0. 

3930228 2002 USP Dictionary $279.00 
_______ .... ................. 

3930229 □ 2003 edition will be available in April '03 $279.00 

3942114 Chromatographic Reagents $149.00 

(2001 edition) 

Prices subject to change and apply to new sales only. Prior sales excluded. TOTAL PRICE 

TITLE 

ORGANIZATION 

ADDRESS (WE CANNOT DELIVER TO A P.O. BOX) 

CITY STATE ZIP COUNTRY 

TELEPHONE --FAX NUMBER E-MAIL 

■WMl:Hil•liiit•lH#II 
0 Charge my: □ MasterCard □ VISA □ Amex 

ACCOUNT NUMBER EXPIRATION DATE 

CARDHOLDER'S NAME __ _ 

CARDHOLDER'S SIGNATURE 

_ Enclosed is my check for $ _______ . Make checks payable to USP ~n U.S. dollars, 

microcoded, and drawn on a U.S. bank). 

□ Bill me. (Available for U.S. orders only. Prior credit approval required for orders exceeding 

$2,000. For credit approval, call 1-800-227-8772, ext. 8177; or 301-881-0666, ext. 8177; 

or e-mail em@usp.org.) 

P.O. # (REQUIRED: INCLUDE P.O. WITH ORDER.) SIGNATURE 

:::; Please send bank information for wire transfer. 

$ 

U.S. Canada 
Outside U.S . 

Total Shipping Shipping 
& Canada Shipping 

Price Shipping 
(per unit) (per unit) (per unit) 

Total 

- $14.00 $35.00 $79.00 
$26.00 $68.00 $158.00 

- - -

-

$32.00 $74.00 $74.00 

$63.00 $147.00 $147.00 

$32.00 $65.00 $158.00 
... --·- ... . -·····-- ·-· 

$64.00 
----·- ··············-- ······-··-· 

$131 .00 $315.00 

- - -

$6.50 $13.00 $21.00 
-· 

$6.50 $13.00 $21.00 

$4.50 $13.00 $37.00 

TOTAL SHIPPING COSTS $ 

'-------~►• TOTAL PRICE $ 

□ 

a 

Maryland residents add 5% sales tax +$ 

Total Shipping Costs +$ 

www.usp.org 

800-227-8772 
or 301-881-0666 

Fax order form 
to 301-816-8148 

GRAND TOTAL $ 

~ Mail order form 
with payment to: 

USP 

CABZRE 

Customer Service Department 
12601 Twinbrook Parkway 
Rockville, MD 20852 
USA 

100% Satisfaction Guarantee! 
If you're not satisfied with any USP publication 

for any reason, simply return the first shipment in 

resalable condition within 30 days of receipt 

(only written notification is required for Internet products), 

along with your invoice, for a full refund (excludes freight}. 

NF133G 



Pharmacopeial Forum 
Vol. 29(1) [Jan.-Feb. 2003] 

NOTICE TO THE EXECUTIVE SECRETARIAT OF 
INTENT TO COMMENT 

Mail to: Executive Secretariat, USP-NF 
12601 Twinbrook Parkway 
Rockville, MD 20852 

Titlell)_ 

Date ___________ _ 

With Reference 
to the Proposal(s) in 

Phannaco12.eial Forum: 

Vol. No. Page(s) 

Estimated 
Date of 

Sending Comments* 

I am unable to comment at present, but please be informed of my intent to comment later, 

as indicated above. 

Name (Please type or print) 

Company ______________ _ 

Address _______________ _ 

Telephone No. ( ) ____ ...._ ___________ _ 
(area code) 

*NOTE-Specifying date(s) when you expect to submit comments to the Executive Secretariat will not necessarily 

result in a deferment of the implementation of the proposal(s) referred to. 

[Pleast fold btfort mailing.] 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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PF -29(1) 

PF 

28(6) 

PF 

29(1) 

PF 

28(6) 

PF 

29(1) 

PF 

29(1) 

PF -28(6) 

Chromatographic Reagents Used in USP-NF and 
Pharmacopeial Forum 

January-February 2003 

ACYCLOVIR FOR INJECTION 

LGS# Rea2ent Brand Type of Test 

L1 YMC-AQ C18 Chromatographic purity 

ALBUMIN HUMAN 

LGS# Reagent Brand Type of Test 

L58 TSK-Gel G3000SW Molecular size distribution 

AMPICILLIN FOR INJECTABLE SUSPENSION 

LGS# Rea2ent Brand 

L1 Bondclone C18 

AZITHROMYCIN 

LGS# Rea2ent Brand 

L29 Gammabond Alumina 
Potency 

BENAZEPRIL HYDROCHLORIDE 

LGS# 

L41 

Reagent Brand 

Chiral AGP 

BETHANECHOL CHLORIDE 

LGS# Rea2ent Brand 

L60 IC-Pak C MID 

BETHANECHOL CHLORIDE TABLETS 

LGS# 

L60 

Rea2ent Brand 

IC-Pak C MID 

CAFFEINE ORAL SOLUTION 

LGS# 

L1 

Rea2ent Brand 

Supelcosil LC-18-O8 

Type of Test 

Assay 

Type of Test 

Related substances 

Type of Test 

Related compounds 

Type ofTest 

Related compounds 

Type of Test 

Related compounds 

Type of Test 

Assay and Related 
Compounds 

DSD Mgh #894 

Comments 

4.6 mm x 25 cm, manufacturer YMC Co., Ltd. 

DSD Mgh #1180 

Comments 

Guard column 7.5 mm x 7.5 cm, 10 µm. Analy1ical 

column 7.5 mm x 60 cm, 10 µm . Manufacturer 
Tosoh Biosep. 

DSD Mgh #4474 

Comments 

3.9 mm x 30 cm, 10 µm, manufacturer 
Phenomenex 

DSD Mgh #6740 

Comments 

Guard column: 4.6 mm x 5 cm. Analy1ical column: 

4.6 mm x 15 cm, 5 µm . Manufacturer: ES 
Industries. 

DSD Mgh #7490 

Comments 

Related Compounds, Test 1. 4 mm x 1 o cm 

manufacturer Chrom Tech AB. ' 

DSD Mgh #9350 

Comments 

Manufacturer Waters. 

DSD Mgh #9450 

Comments 

Manufacturer Waters. 

DSD Mgh #11180 

Comments 

4.6 mm x 15 cm, 5 µm , manufacturer Supelco. 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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PF 
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PF 
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PF 

28(6) 

28(6) 

PF 

28(6) 

PF 

29(1) 

CHROMATOGRAPHIC REAGENTS 

CEFPODOXIME PROXETIL 

LGS# Rea2ent Brand T:tee of Test 

L1 Kromasil C18 Assay & Chrom. purity 

CEFPODOXIME PROXETIL FOR ORAL SUSPENSION 

LGS# Rea2ent Brand T:tee of Test 

L1 Kromasil C18 Assay & Chrom. purity 

CEFPODOXIME PROXETIL TABLETS 

LGS# Rea2ent Brand T:tee of Test 

L1 Kromasil C18 Assay & Chrom. purity 

CLONIDINE 

LGS# Rea2ent Brand T:tee of Test 

L59 Zorbax SB-C3 Chromatographic purity 

CORTICOTROPIN FOR INJECTION 
LGS# Rea2ent Brand Tyee of Test 

L1 Ultrasphere ODS Vasopressin activity 

CORTICOTROPIN INJECTION 

LGS# Rea2ent Brand T:tee of Test 

L1 Ultrasphere ODS Vasopressin activity 

DICLOFENAC SODIUM EXTENDED-RELEASE TABLETS 

LGS# Rea2ent Brand Tyee of Test 

L1 

ETHOTOIN 

LGS# 

L1 

Symmetry C-18 

Rea.2_ent Brand 

YMC 18 ODS-A 

FLUDARABINE PHOSPHATE 
LGS# Rea.9.ent Brand 

L1 Chemcosorb 5-ODS-H 

G43 DB-624 

FLUDARABINE PHOSPHATE FOR INJECTION 

LGS# 

L1 

Rea.9.ent Brand 

Chemcosorb 5-ODS-H 

HYDROCODONE BITARTRATE 
LGS# Rea.9.ent Brand 

L7 Columbus CB 

Assay 

Txe.e of Test 

Related compounds 

Txe.e of Test 

Assay & Chrom. purity 

Limit of ........ . ....... . . 

Txe.e of Test 

Assay and Related 
Compounds 

Txe.e of Test 

Assay and Related 
Compounds 

2 

Pharmacopeial Forum 
Vol. 29(1) [Jan.-Feb. 2003] ' 

DSD Mgh #14111 

Comments 

4.6 mm x 25 cm, 5 µm, manufacturer EKA Nobel. 

DSD Mgh #14112 

Comments 

4.6 mm x 25 cm, 5 µm, manufacturer EKA Nobel. 

DSD Mgh #14113 

Comments 

4.6 mm x 25 cm, 5 µm , manufacturer EKA Nobel. 

DSD Mgh #18600 

Comments 

3.0 mm x 15 cm, 5 µm , manufacturer Agilent 
Technologies. 

DSD Mgh #20160 
Comments 

4.6 mm x 25 cm, 5 µm, manufacturer Beckman. 

DSD Mgh #20150 

Comments 

4.6 mm x 25 cm, 5 µm, manufacturer Beckman. 

DSD Mgh #24972 
Comments 

4.6 mm x 15 cm, 5 µm, manufacturer Waters. 

DSD Mgh #31720 

Comments 

4.6 mm x 15 cm, 5 µm, manufacturer YMC Co., 
Ltd. 

DSD Mgh #33310 
Comments 

Chromatographic purity, Tests A and B. 4.6 mm x 
15 cm, 5 µm, manufacturer Dychrom 

Limit of Ethanol. 0.25 mm x 30 m, 1.4 µm, 
manufacturer J&W Scientific. 

DSD Mgh #33315 

Comments 

4.6 mm x 15 cm, 5 µm, manufacturer Dychrom. 

DSD Mgh #38000 
Comments 

4.6 mm x 15 cm, 5 µm, manufacturer 
Phenomenex. 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 
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MELPHALAN TABLETS 
LGS# Reagent Brand 

L7 Hypersil BOS C-8 

MEPIVACAINE HYDROCHLORIDE INJECTION 

LGS# Reagent Brand 

L1 PartiSphere RTF C18 

ONDANSETRON HYDROCHLORIDE 

LGS# Reagent Brand 

L1 Luna C18 

ORPHENADRINE CITRATE 
LGS# Reagent Brand 

L1 Luna C18 

ORPHENADRINE CITRATE INJECTION 

LGS# Reagent Brand 

L1 Hypersil-ODS 

PSEUDOEPHEDruNEHYDROCHLOruDE 
EXTENDED-RELEASE CAPSULES 

LGS# Reagent Brand 

L1 Hypersil-0D S 

Type ofTest 

Dissolution 

Type of Test 

Assay 

Type of Test 

Assay and Related 
Compounds 

Type of Test 

Assay and Related 
Compounds 

Type of Test 

Assay & Chrom. purity 

Type of Test 

Dissolution 

3 

DSD Mgh #48170 
Comments 

4.6 mm x 5 cm, 5 µm , manufacturer Thermo 
Hypersil-Keystone. 

DSD Mgh #48960 
Comments 

4 mm x 25 cm, manufacturer Whatman. The 

chromatographic procedure is specific for this 
column. 

DSD Mgh #58650 
Comments 

4.6 mm x 15 cm, 5 µm, manufacturer 
Phenomenex. 

DSD Mgh #58870 
Comments 

4.6 mm x 15 cm, 5 µm , manufacturer 
Phenomenex. 

DSD Mgh #58900 
Comments 

4.6 mm x 15 cm, 5 µm , manufacturer Thermo 
Hypers ii-Keystone. 

DSD Mgh #71584 

Comments 

Dissolution Test 2. 4.6 mm x 5 cm, manufacturer 

Thermo Hypersil-Keystone. 

© 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved. 





PHARMACOPEIAL FORUM 

The United States Phannacopeia 
Information and Standards Development, USP-NF 

12601 Twinbrook Parkway 
Rockville, Maryland 20852 

1-301-816-8345 FAX 1-301-816-8373 

7 ,.., 28252 II 14330 ,.,. 5 

Mc,m in H? To ensure prompt delivery of your PF, 

please send address label with your corrections to 

USPC, PF Customer Service Dept., 12601 Twinbrook 

Parkway, Rockville, MD 20852. Fax 301-816-8148 



Table of Contents*

PHARMACOPEIAL FORUM VOL. 29 NO. 2 MAR.–APR. 2003

STANDARDS DEVELOPMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 361

HOW TO USE PF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 365
Section Descriptions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 366
Committee Designations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 368
Staff Directory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 369

POLICIES AND ANNOUNCEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 373
Correspondence Address Correction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 374
New Admission Criteria for Dietary Supplements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 374
Pharmacopeial Education Courses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 375
How to Comment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 376
Schedules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 378

INTERIM REVISION ANNOUNCEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379
ADDENDUM TO THE FIRST INTERIM REVISION ANNOUNCEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . 381
NF 21 MONOGRAPHS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 382

Oleic Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 382
Polyethylene Glycol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 382

SECOND INTERIM REVISION ANNOUNCEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 383
USP 26 MONOGRAPHS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385

Atovaquone Oral Suspension . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
Cefepime for Injection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
Flucytosine Capsules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
Pentoxifylline Extended-Release Tablets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 386
Vitamin E Capsules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387

GENERAL CHAPTERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387
h11i USP Reference Standards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387
h281i Residue on Ignition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 388

IN-PROCESS REVISION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 389
MONOGRAPHS (USP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 392

Alprostadil (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 392
Ciclopirox [new] (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 393
Ciclopirox Olamine (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395
Cyanocobalamin Co 57 Capsules (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 397
Cyanocobalamin Co 57 Oral Solution (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 398
Dextran 40 (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 399
Dextran 70 (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 401
Egg Phospholipids [new] (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 401
Finasteride Tablets (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 403
Fluoxetine Delayed-Release Capsules [new] (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 403
Flutamide (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 405
Flutamide Capsules (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 407
Folic Acid [erratum] (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409
Folic Acid Tablets (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409
Gadoversetamide [new] (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 410
Gadoversetamide Injection [new] (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 415
Glipizide (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 417
Glyburide Tablets (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 418
Lamivudine (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 419
Lipid Injectable Emulsion [new] (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 421

* The USP–NF (USP26–NF21), the Supplement (Supp), or the Interim Revision Announcement (IRA) for which the revision proposal is
targeted is shown in parentheses next to each proposed item.



Norgestimate (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423
Omeprazole Delayed-Release Capsules [new] (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 424
Phenyltoloxamine Dihydrogen Citrate [new] (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 428
Poloxalene (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429
Propantheline Bromide (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 430
Propantheline Bromide Tablets (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 431
Red Blood Cells (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 431
Simvastatin Tablets (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 437
Tobramycin Inhalation Solution [new] (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 438
Urea C 13 for Oral Solution (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 441
Verteporfin [Proposal for 4th IRA] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 442
Water for Injection (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 444
Whole Blood (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 445
Zileuton [new] (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 447

EXCIPIENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 450
Excipients, USP and NF Excipients, Listed by Category (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 450

MONOGRAPHS (NF) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 453
Aspartame-Acesulfame [new] (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 453
Chondroitin Sulfate Sodium (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 456
Chondroitin Sulfate Tablets [new] (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 459
Gellan Gum [new] (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 462
Glucosamine and Chondroitin Sulfate Tablets (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 463
Glyceryl Distearate [new] (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464
Glyceryl Monolinoleate [new] (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466
Glyceryl Monooleate [new] (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 468
Lutein [new] (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 470
Lutein Preparation [new] (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 472
Magnesium Stearate (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 474
Medium-Chain Trigylcerides [new] (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 475
Milk Thistle Capsules (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 479
Propylene Glycol Monostearate (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 479
Stearic Acid (NF 22) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 480

GENERAL TEST CHAPTERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 480
h1i Injections (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 480
h11i USP Reference Standards [new] (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 483
h429i Light Diffraction Measurement of Particle Size [new] (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 484
h661i Containers (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 490
h823i Radiopharmaceuticals for Positron Emission Tomography Compounding (USP 27) . . . . . . . . . . . . . . . 494

GENERAL INFORMATION CHAPTERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 497
h1075i Good Compounding Practices (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 497

REAGENTS, INDICATORS, AND SOLUTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505
Reagent Specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505
Anti-A Blood Grouping Reagent, Anti-B Blood Grouping Reagent, and Anti-A,B Blood

Grouping Reagent (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505
Anti-D (Rho) Reagent (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505
Anti-D Reagent (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 506
Antihuman Globulin Reagent (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 506
Blood Group A1 and Blood Group B Red Blood Cells (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 506
Drabkin’s Reagent (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 507
IgG-Coated Red Cells (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 507
Lanthanum Chloride (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 507
Polyoxyethylene (23) Lauryl Ether (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 507
Red-cell Lysing Agent (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 507

Volumetric Solutions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 508
Tetrabutylammonium Hydroxide in Methanol/Isopropyl Alcohol, 0.1 N (USP 27) . . . . . . . . . . . . . . . . . . . . . 508

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
358 Contents* Vol. 29(2) [Mar.–Apr. 2003]



Reagent Foonotes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 508
Footnotes 107 (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 508
Footnotes 108 (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 508
Footnotes 109 (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 508

REFERENCE TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 508
Container Specifications for Capsules and Tablets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 508
Fluoxetine Delayed-Release Capsules (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509

Description and Relative Solubility of USP and NFArticles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509
Aspartame Acesulfame (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509
Ciclopirox (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509
Ciclopirox Olamine(USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509
Gadoversetamide (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509
Gellan Gum (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509
Glyceryl Distearate (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509
Glyceryl Monolinoleate (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509
Glyceryl Monoleate (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509
Lamivudine (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509
Lutein (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509
Medium-Chain Triglycerides (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 509

NUTRITIONAL SUPPLEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 510
MONOGRAPHS (USP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 508

Oil-and-Water-Soluble Vitamins with Minerals Tablets (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 510
CHAPTERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 510
h2040i Disintegration and Dissolution of Nutritional Supplements (USP 27) . . . . . . . . . . . . . . . . . . . . . . . . . 513

PREVIOUS PF PROPOSALS STILL PENDING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 515

CANCELED PROPOSALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 522

HARMONIZATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 525

PHARMACOPEIAL PREVIEWS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 527
MONOGRAPHS (USP) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 529

Mirtazapine [new] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 529
Mirtazapine Tablets [new] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 531
Topiramate [new] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 533

STIMULI TO THE REVISION PROCESS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 537
Instructions to Authors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 539
Medication Storage Temperatures on U.S. Ambulances: A Prospective Multi-Center Observational Study,

Lawrence H. Brown, Leonard C. Bailey, Thomas Medwick, Claudia C. Okeke, Kurt Krumperman,
Calvin D. Tran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 540

NOMENCLATURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 549

INDEX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 561

REFERENCE STANDARDS CATALOG
ORDER FORM

INTENT TO COMMENT FORM

CHROMATOGRAPHIC REAGENTS USED IN USP-NF AND PF

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
Vol. 29(2) [Mar.–Apr. 2003] Contents* 359



THE JOURNAL OF STANDARDS DEVELOPMENT AND OFFICIAL COMPENDIA REVISION

Executive Vice President and Chief Executive Officer
Roger L. Williams, M.D.

Vice President, Information and Standards Development
Eric B. Sheinin, Ph.D.

Director, Information and Administration
Stefan P. Schuber, Ph.D.

Director, Executive Secretariat
John W. Gasper, J.D.

Vice President, Information Technology
Colleen M. O’Brien

Director, Product Development
Linda M. Guard

Supervisor, Publishing Technologies
Debbie Miller

Production Coordinators
Erika L. Barrowclough; Celia Hamilton

Electronic and Desktop Publishing
Debbie James; Donna A. Singh

Manager, Editorial Group
Jerry T. Wadsworth

Supervisors, Editorial
Evelyn Bryant; Jesusa D. Cordova; Melissa M. Smith

Senior Editor
Lorraine M. Scheinman

Editors
Jen McGuigan; Reuben Meisel; Kate Meringolo; Anthony

Owens
Editorial Coordinator
Susan Maida

Senior Editorial Assistants
M. T. Samahon; Micheline Tranquille

Editorial Assistant
Milagro M. Welter

Supervisor, Editorial Improvements
Suzanne M. Anderson

Please address comments on PF
content to Executive Secretariat
USP–NF, 12601 Twinbrook Pkwy.
Rockville, MD 20852

Telephone: 1-301-816-8345
Fax: 1-301-816-8373
http://www.usp.org

Pharmacopeial Forum is covered in Current Contents/Life
Sciences and in the Science Citation Index (SCI), in International
Pharmaceutical Abstracts, and in Current Awareness in Biological
Sciences.

The United States Pharmacopeial Convention comprises represen-
tatives from colleges and national and state organizations of med-
icine and pharmacy. It publishes the U.S. Pharmacopeia and
National Formulary, the legally recognized compendia of stan-
dards for drugs and products of other health care technologies.
The USP and NF include assays and tests for the determination
of strength, quality, and purity and requirements for packaging
and labeling.

This publication was paginated using Advent 3B2 Publishing Soft-
ware.

ISSN: 0363-455

Moving?

Our subscribers’ records and publication labels are computer-
generated. Please send your new address, and your latest label,
or an exact copy of it, to: USPC, PF Customer Service Dept.,
12601 Twinbrook Parkway, Rockville, MD 20852.
Fax: (301) 816-8148.



STANDARDS DEVELOPMENT

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

(PF), for the development of official pharmaceutical standards.



USP publishes Pharmacopeial Forum (PF) bimonthly as the working vehicle of the USP Council of Experts. PF provides

interested parties an opportunity to review and comment as the Council of Experts develops or revises standards for the

United States Pharmacopeia and the National Formulary (USP–NF).

PF includes the following:

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

peial Previews)

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

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

NF or Supplement (Interim Revision Announcement)

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

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

or the Commentary section of USP–NF.

* If you are not immediately able to submit comments but you intend to do
so, please notify USP by using the Intent to Comment form provided before
the section Chromatographic Reagents Used in USP–NF and PF.
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The chart below shows the public review and comment process and its relationship to standards development.

Questions on the process should be addressed to John W. Gasper, M.A., J.D., Director, Office of the Executive Secretariat,

U.S. Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: jg@usp.org).
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HOW TO USE PF
This section provides descriptions of the various parts of PF. It also includes Committee Designations and the Staff Directory.



The contents of the different sections of PF are briefly described below. Readers will get an idea of how each section is

relevant to their job functions. They may contact USP scientific staff liaisons or staff members of the Executive Secretariat

(listed in the Staff Directory) if they have any questions. A more detailed description of each section is provided at the begin-

ning of that section.

Proposed and Adopted Revisions

Section Content How Readers Can Respond

Pharmacopeial Previews
Early ideas for revisions

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

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

study; and
— articles produced by multiple sources.

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

In-Process Revision
Revisions targeted for
adoption

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

&
or

.
. or

~

~
) to specify the tentative earliest date on which the revision

would be officially adopted.

Review material and send comments
promptly to USP staff liaison (see the
Staff Directory). Guidelines on how to
comment are found at the end of the Po-
licies and Announcements section.

Harmonization
Items the Pharmacopeial
Discussion Group (PDG)
is trying to harmonize in-
ternationally

�BRIEFING: Scientific rationale for the potential inclusion or
change or for the proposed change. The designated stage of harmo-
nization. The stage determines whether an item appears under
Pharmacopeial Previews or under In-Process Revision, both sep-
arate sections of Harmonization.
�For In-Process Revision, new or revised text is marked with sym-
bols (&

&
) to specify the tentative, earliest date on which the revi-

sion would be officially adopted.

Review material and provide com-
ments to the appropriate staff liaison ci-
ted in the Briefing preceding each
Preview or In-Process Revision.

Interim Revision
Announcement
Adopted standards

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

..

Review to see if affected by any of the
changes. Note effective date when stan-
dards become official and ensure com-
pliance.
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Other Sections

Committee Designations

Names of the committees (composed of volunteer scientific experts) that USP staff work with on the development of stan-

dards.

Staff Directory

Names of all USP scientific staff liaisons with contact information.

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

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

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

Index

Cumulative directory for the content of all issues of PF beginning with PF 29(1).

Reference Standards Catalog

List of official USP Reference Standards specified in USP–NF, along with availability and ordering information.

Chromatographic Reagents Used in USP–NF and Pharmacopeial Forum

Update of chromatographic reagents based on the proposals published in this issue of PF.
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EXPERT COMMITTEE DESIGNATIONS*

The names of the Committees and their abbreviations are as follows:

AER Aerosols

AMB Analytical Microbiology

BBP Blood and Blood Products

BNA Bioavailability and Nutrient Absorption

BNT Biotechnology and Natural Therapeutics—Diagnostics

BPC Biopharmaceutics

BST Biostatistics

CRX Compounding Pharmacy

DSB Dietary Supplements—Botanicals

DSN Dietary Supplements—Non-Botanicals

EMC Excipient Monograph Content{

ESC Excipients—Substances and Characterization{

ETM Excipients—Test Methods

GCT Gene Therapy, Cell Therapy, and Tissue Engineering

GTB General Toxicity and Biocompatability

NL Nomenclature and Labeling

PA1 Pharmaceutical Analysis 1

PA2 Pharmaceutical Analysis 2

PA3 Pharmaceutical Analysis 3

PA4 Pharmaceutical Analysis 4

PA5 Pharmaceutical Analysis 5

PA6 Pharmaceutical Analysis 6—Actives

PA7 Pharmaceutical Analysis 7—Antibiotics

PDF Pharmaceutical Dosage Forms

PPC Parenteral Products—Compounding and Preparation

PPI Parenteral Products—Industrial

PSD Packaging, Storage, and Distribution

PW Pharmaceutical Waters

RMI Radiopharmaceuticals and Medical Imaging

SMU Safe Medication Use

VET Veterinary Drugs

VVI Vaccines, Virology, and Immunology

* HDQ Indicates USP Headquarters items.
{
The Expert Committee has been renamed. The old name, Excipients—Substances and Characterization (ESC) has been changed to Excipient Monograph Content (EMC).
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STAFF DIRECTORY

This is an updated directory that reflects assignment changes based on the reorganization of USP. The general USP tele-

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

number is (301) 816-8373.

STAFF E-MAIL PHONE ASSIGNMENT

Clydewyn M. Anthony,
Senior Scientific Associate

cma@usp.org (301) 816-8139 Pharmaceutical Analysis (PA1)

Frank P. Barletta, Scientist fpb@usp.org (301) 816-8328 Pharmaceutical Waters (PW)
Parenteral Products—
Industrial (PPI);
Radiopharmaceuticals and
Medical Imaging (RMI)

Charles H. Barnstein, Consultant chbarnstein@
email.msn.com

(301) 774-9457 Nomenclature and Labeling
(NL)

Lokesh Bhattacharyya, Senior
Scientist

lb@usp.org (301) 816-8201 Blood and Blood Products
(BBP); Vaccines, Virology,
and Immunology (VVI)

Barbara A. Bowman,
Manager, Administrative
Services

bab@usp.org (301) 816-8278 USP Correspondence

William E. Brown, Scientist web@usp.org (301) 816-8380 Biopharmaceutics (BPC);
Biostatics (BST)

Todd L. Cecil, Director,
General Policies and
Requirements

tlc@usp.org (301) 816-8234

Elizabeth Cowley, Director epc@usp.org (301) 816-8217 Information Programs

Roger Dabbah, Director,
Complex Actives

rd@usp.org (301) 816-8336

Behnam Davani, Scientist bd@usp.org (301) 816-8394 Pharmaceutical Analysis
7B—Antimicrobial
and Antivirals (PA7B)

Ian F. DeVeau, Senior Scientist ifd@usp.org (301) 816-8178 Cell Therapy, Gene
Therapy and Tissue
Engineering (CGT);
Veterinary Products
and Natural Products
Monographs

Lawrence Evans, Senior
Scientific Associate

le@usp.org (301) 816-8389 Pharmaceutical Analysis
6 (PA6)

L. Valentin Feyns, Director,
Reference Standards
Evaluation

lvf@usp.org (301) 816-8121 USP Reference Standards

John W. Gasper, Director,
Executive Secretariat

jg@usp.org (301) 816-8241 General Issues

Gabriel I. Giancaspro, Senior
Scientist and Latin
American Liaison

gig@usp.org (301) 816-8343 Dietary Supplements—
Botanicals (DSB); Dietary
Supplements— Non-
Botanicals (DSN);
Bioavailability and
Nutrient Absorption (BNA)

Elena Gonikberg, Scientist eg@usp.org (301) 816-8251 Pharmaceutical Analysis 4
(PA4)
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STAFF E-MAIL PHONE ASSIGNMENT

Sue C. Harris, Director,
Non-Complex Actives and
Excipients

sch@usp.org (301) 816-8275

James W. Kelly, Scientist jwk@usp.org (301) 816-8167 Pharmaceutical Analysis 2
(PA2)

Justin J. Lane, Senior Scientific
Associate

jl@usp.org (301) 816-8323 Excipients—Test Methods
(ETM)

Anju K. Malhotra, Manager,
Conferences and Meetings

akm@usp.org (301) 816-8346 USP Conferences and
Meetings

Ronald G. Manning, Vice
President, Standards
Operations

rgm@usp.org (301) 816-8562

Margareth R. Marques, Scientist
and Latin American Liaison

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

Alan W. Nichols, Director,
Reference Standards
Production

awn@usp.org (301) 816-8321 USP Reference Standards

Claudia C. Okeke, Associate
Director

cco@usp.org (301) 816-8243 Compounding Pharmacy
(CRX);
Parenteral Products—
Compounding and
Preparation
(PPC); Packaging, Storage,
and Distribution (PSD)

W. Larry Paul, Scientific Fellow wlp@usp.org (301) 816-8331 Nomenclature and Labeling
(NL);
Pharmaceutical Dosage
Forms (PDF)

Horacio Pappa, Scientist hp@usp.org (301) 816-8319 Pharmaceutical Dosage Forms
(PDF)

David A. Porter, Associate
Director

dap@usp.org (301) 816-8225 Analytical Microbiology (AMB);
Biotechnology and Natural
Therapeutics—Diagnostics
(BNT); General Toxicity and
Biocompatability (GTB)

David B. Roll, Director,
Dietary Supplements

dbr@usp.org (301) 816-8316

Karen Russo, Scientist kar@usp.org (301) 816-8379 Excipient New Monograph
Development

Salvador Salado, Scientist and
Latin American Liaison

ss@usp.org (301) 816-8165 Pharmaceutical Analysis 3
(PA3)

Stefan P. Schuber, Director,
Information and
Administration

sps@usp.org (301) 816-8551

Catherine M. Sheehan, Senior
Scientific Associate

cxs@usp.org (301) 816-8262 Excipient Monograph Content
(EMC)

Eric B. Sheinin, Vice President,
Information and Standards
Development

es@usp.org (301) 816-8103

Jerry T. Wadsworth, Manager,
Corporate Editorial Services

jtw@usp.org (301) 816-8353

Andrzej Wilk, Senior Scientific
Associate

aw@usp.org (301) 816-8305 Pharmaceutical Analysis 5
(PA5)
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STAFF E-MAIL PHONE ASSIGNMENT

William W. Wright, Scientific
Fellow

www@usp.org (301) 816-8335 Pharmaceutical Analysis 7—
Antibiotics (PA7)

Kahkashan Zaidi,
Scientist

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

In this section, readers may find statements about general scientific and policy issues that may have an impact on USP–NF

standards and processes, announcements about issues being considered by USP, and summaries of Council of Experts meet-

ings. This section also includes publication and comment schedules.



CORRESPONDENCE ADDRESS CORRECTION.

In order to respond to the Stimuli article ‘‘Review of the

Media Selection and Incubation Conditions for the Com-

pendial Sterility and Microbial Limit Tests,’’ published in

Pharmacopeial Forum, Vol. 28(6) [Nov.–Dec. 2002], page

2034, correspondence should be addressed to David A. Por-

ter, 12601 Twinbrook Parkway, Rockville, MD 20852;

email: DAP@usp.org. David A. Porter is Staff Liaison to

the Expert Committee on Analytical Microbiology. Corre-

spondence should not be sent to Anthony M. Cundell,

Ph.D. at Wyeth-Ayerst Pharmaceuticals, as we originally

published.

NEW ADMISSION CRITERIA FOR DIETARY

SUPPLEMENTS

Since 1995, selection and prioritization of dietary supple-

ments for admission to the USP–NF was based upon several

factors that continue to guide both the Expert Committee on

Non-Botanicals and the Expert Committee on Botanicals

during the current revision cycle. These factors are:

1. Extent of use, based upon market sales or other factors

2. Historical use

3. Knowledge of chemical composition

4. Existence of other pharmacopeial standards

5. Evidence of benefit

6. Interest from a governmental body

7. Absence of significant safety risk associated with its

use.

Because safety was a significant concern, the Scope Com-

mittee was established in 1995 to analyze safety evidence to

determine whether or not an article should be admitted to the

USP–NF. The Scope Committee ceased to exist with the

2000 Revision Cycle, and the newly formed Dietary Sup-

plements Information Expert Committee assumed responsi-

bility for safety evaluation.

The Dietary Supplement Information Expert Committee has

developed the following criteria for consideration of articles

proposed for placement in the USP–NF:

1. Human data: safety studies, clinical studies, post-mar-

keting surveillance, adverse events, interactions, pub-

licly available data (taking into account issues on

phytoequivalency)

2. Pharmacological data: reproductive toxicity, experi-

mental animal studies, pharmacokinetics, therapeutic

index, presence of toxic constituents

3. Contemporaneous extent of use globally and in the

U.S.: misuse and abuse

4. Historical use

In addition, the Committee identified the following two fac-

tors as important for safety evaluations:

1. Regulatory status in the U.S. and other countries, which

could include regulatory actions, OTC status, GRAS

status, etc.; and

2. Existence of official Pharmacopeial monographs.

After evaluating the above criteria and factors, and based

upon the information contained in the materials reviewed,

it was proposed that the Committee would recommend the

inclusion of a given article into one of the following classes:

Class 1. Articles for which the Committee is unaware of sig-

nificant safety issues present when the article is used

and formulated appropriately that would prohibit a

monograph being developed.

Class 1a. Articles for which the Committee is aware of lim-

ited human scientific data concerning safety of the arti-

cle, but is unaware of significant safety issues present

when the article is used and formulated appropriately

that would prohibit a monograph being developed.

Class 2. Articles for which the Committee is unaware of sig-

nificant safety issues present when the article is used

and formulated appropriately that would prohibit a

monograph being developed, provided there is a warn-

ing statement in the labeling section.

Class 3. Articles for which the Committee is aware of sig-

nificant safety issues present that would prohibit a

monograph being developed.

The Council of Experts Executive Committee recently ap-

proved this approach to dealing with safety issues of dietary

supplements proposed for USP–NF. Current placement in

the USP requires the article to have either an FDA-approved

or USP DI accepted use; otherwise the article will appear in

the NF. Thus, articles falling within Class 1 or Class 1a

would be placed in the USP or NF; articles falling within

Class 2 would also be placed in the USP or NF, but would

require a warning statement in the labeling section; and ar-

ticles that fall within Class 3 would not be admitted to either

the USP or the NF due to significant safety issues.

However, the Executive Committee of the Council of Ex-

perts has recently approved changing the name of the ‘‘Nu-

tritional Supplements’’ chapter of USP to ‘‘Dietary

Supplements.’’ Beginning with USP 27–NF 22, all mono-

graphs for dietary supplements will appear in this new

USP section. For an article that is both a drug ingredient

and an ingredient of a dietary supplement, the main mono-
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graph will reside either in USP for pharmaceutical actives or

in NF for excipients, but will be cross-referenced in the

Dietary Supplements section.

PHARMACOPEIAL EDUCATION COURSES. USP’s
Pharmacopeial Education series has been developed to
enhance the knowledge, ski l ls , and expert ise of
pharmaceutical industry personnel.

The following list indicates tentatively scheduled course

dates. For further information, contact Barbara B. Hubert,

Director, Pharmacopeial Education, BBH@usp.org, 301-

816-8333, or Diana Lenahan, Program Associate, DPL@

usp.org, 301-816-8530. Call 301-816-8530 to get informa-

tion on custom courses offered at USP or at your site.

Calendar of Pharmacopeial Education Courses, 2003

Date Name of course Location

March 20 Fundamentals of Microbiological Testing USP Headquarters, Rockville, MD

March 24 and 25 Fundamentals of Dissolution USP Headquarters, Rockville, MD

April 1 and 2 Fundamentals of Dissolution (Europe) Basel, Switzerland

April 10 and 11 Fundamentals of Dissolution USP Headquarters, Rockville, MD

April 23 Analytical Method Validation USP Headquarters, Rockville, MD

May 1 and 2 Fundamentals of Dissolution USP Headquarters, Rockville, MD

May 14 Standards 100: Fundamentals of the Use of USP–
NF and the Standards Development Process

USP Headquarters, Rockville, MD

May 15 Standards 101: Advanced Use of USP–NF, General
Notices, and Monograph Chapters

USP Headquarters, Rockville, MD

May 19 and 20 Fundamentals of Titration USP Headquarters, Rockville, MD

June 9 and 10 Fundamentals of Dissolution USP Headquarters, Rockville, MD

June 18 Fundamentals of Microbiological Testing USP Headquarters, Rockville, MD

July 14 and 15 Fundamentals of Dissolution USP Headquarters, Rockville, MD

July 23 Analytical Method Validation USP Headquarters, Rockville, MD

August 11 and 12 Fundamentals of Dissolution USP Headquarters, Rockville, MD

August 20 Standards 100: Fundamentals of the Use of USP–
NF and the Standards Development Process

USP Headquarters, Rockville, MD

August 21 Standards 101: Advanced Use of USP–NF, General
Notices, and Monograph Chapters

USP Headquarters, Rockville, MD

September 15 and 16 Fundamentals of Dissolution USP Headquarters, Rockville, MD

September 18 Fundamentals of Microbiological Testing USP Headquarters, Rockville, MD

September 24 Fundamentals of Titration USP Headquarters, Rockville, MD

October 8 Analytical Method Validation USP Headquarters, Rockville, MD

October 20 and 21 Fundamentals of Dissolution USP Headquarters, Rockville, MD

November 17 and 18 Fundamentals of Dissolution USP Headquarters, Rockville, MD

December 8 Standards 100: Fundamentals of the Use of USP–
NF and the Standards Development Process

USP Headquarters, Rockville, MD

December 9 Standards 101: Advanced Use of USP–NF, General
Notices, and Monograph Chapters

USP Headquarters, Rockville, MD

December 15 and 16 Fundamentals of Dissolution USP Headquarters, Rockville, MD
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VISIT THE USP WEB SITE AT hhttp://www.usp.orgi.
Various resources related to Pharmacopeial standards are
presented, including highlights from PF.

USP–NF AVAILABLE IN THREE ELECTRONIC

FORMATS . The t rus ted re fe rence fo r o ffic ia l

pharmaceutical standards is available in three convenient

electronic formats—CD, intranet, and online. The CD is

ideal for single users who prefer to have USP–NF on their

hard drives. The intranet format allows Web browser-based

access to multiple users within a company, through their

own intranet server. The online format can be accessed by

individual registered users through the World Wide Web.

All three electronic formats provide fast and easy access

to official USP–NF content. More information can be

obtained by visiting www.usp.org/products or by calling

USP’s Customer Service Department at 1-800-227-8772

or 301-881-0666.

CHROMATOGRAPHIC REAGENTS NOW AVAILABLE.

Chromatographic Reagents lists the brand names of the
column reagents cited in every proposal for new or
revised gas- or liquid-chromatographic test methods that
have been published in Pharmacopeial Forum (PF) since
1980. Chromatographic Reagents also helps to track
which column reagents were used to validate methods that
have become official and are included in USP–NF. The
branded column reagents list is updated bimonthly
through Pharmacopeial Forum. Chromatographic
Reagents can be ordered by calling USP’s Customer
Service Department at 1-800-227-8772 or 301-881-0666.

INTERNATIONAL CORRESPONDENCE. Individuals

who wish to correspond with the European and Japanese

Pharmacopoeias concerning monographs in the Official

Inqu i ry and Consensus s t ages o f in t e rna t iona l

harmonization should address their comments to the

coordinating pharmacopeia for a given article. The

addresses for the European and Japanese Pharmacopoeias

are as follows:

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

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

HOW TO SUBMIT COMMENTS. The USP welcomes

and encourages interested parties to submit comments and

data regarding potential, proposed, or adopted (official)

standards. Submissions concerning a particular item that

has appeared in a PF should be submitted to the

appropriate USP scientific staff liaison identified at the

end of the Briefing accompanying each item. To submit

comments and data to a liaison, use the e-mail address

and telephone numbers listed in the Staff Directory

included in every PF.

Please note that USP–NF is being published in an annual

edition with one main book and two Supplements a year.

In addition, the following schedule will repeat every year

so that users will know what to expect and become familiar

with the deadlines.

The publication and comment schedule for USP 26–NF 21

is as follows:

Comment Deadline Publication Date Official Date

Main Book May 15, 2002 November 2002 January 2003

Supplement One October 15, 2002 February 2003 April 2003

Supplement Two February 17, 2003 June 2003 August 2003

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.
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The publication and comment schedule for USP 27–NF 22 is as follows:

Comment Deadline Publication Date Official Date

Main Book May 15, 2003 November 2003 January 2004

Supplement One October 15, 2003 February 2004 April 2004

Supplement Two February 17, 2004 June 2004 August 2004

In the future, USP anticipates including the comment sub-

mission deadline in each briefing of every revision proposal

when it is published for public review and comment.

For general inquiries or in cases where a particular liaison is

not identified, use the general USP telephone number 301-

881-0666 or FAX number 301-816-8373.

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.
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All official revisions are published in Supplements to USP–NF (twice yearly). Between Supplements, official revisions are

published in PF in the Interim Revision Announcement; these revisions are also incorporated in the upcoming Supplement.

The electronic version of USP–NF is updated as each Supplement becomes available and, therefore, contains all official text

up to and including the contents of the latest Supplement.

PUBLICATION SCHEDULES

Publication Publication Date Official Date

1st Supplement Feb. 2003* Apr. 1, 2003*

PF 29(2) [Mar.–Apr. 2003] Mar. 2003* Not Applicable

2nd IRA [published in PF 29(2)] Mar. 2003* Apr. 1, 2003*

PF 29(3) [May–June 2003] May 2003* Not Applicable

3rd IRA [published in PF 29(3)] May 2003* June 1, 2003*

2nd Supplement June 2003* Aug. 1, 2003*

PF 29(4) [July–Aug. 2003] July 2003* Not Applicable

4th IRA [published in PF 29(4)] July 2003* Aug. 1, 2003*

PF 29(5) [Sept.–Oct. 2003] Sept. 2003* Not Applicable

5th IRA [published in PF 29(5)] Sept. 2003* Oct. 1, 2003*

PF 29(6) [Nov.–Dec. 2003] Nov. 2003* Not Applicable

6th IRA [published in PF 29(6)] Nov. 2003* Dec. 1, 2003*

* Tentative
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INTERIM REVISION
ANNOUNCEMENT

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

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

stated on the next page.)

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

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

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

&,

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

panied by a number that indicates the IRA or Supplement in which the revision first appeared. For example, .2 indicates that

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

officially adopted in the Second Supplement.
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ADDENDUM TO THE
FIRST INTERIM REVISION

ANNOUNCEMENT
to USP 26 and to NF 21

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

Larry L. Braden, Chair
USP Board of Trustees

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

John W. Gasper, Director, Executive Secretariat

Official February 3, 2003.

All inquiries and comments regarding USP 26 text and NF 21 text should be addressed to the Executive Secretariat,

USP–NF, 12601 Twinbrook Parkway, Rockville, MD 20852.
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The following revisions were intended for inclusion in the First Interim Announcement to USP 26 and to NF 21.

NF 21 MONOGRAPHS

Oleic Acid
Change to read:

» Oleic Acid is manufactured from fats and oils de-
rived from edible sources, .animal or vegetable,.1
and consists chiefly of (Z)-9-octadecenoic acid
[CH3(CH2)7CH:CH(CH2)7COOH].
NOTE—Oleic Acid labeled solely for external use is

exempt from the requirement that it be prepared from
edible sources.

Change to read:
Labeling—If it is for external use only, the labeling so indicates.
.Label it to indicate whether it is derived from animal or vegetable
sources..1

Change to read:
Congealing temperature h651i: .between 38 and 108 for Oleic
Acid derived from animal sources; between 108 and 168 for Oleic
Acid derived from vegetable sources..1

Polyethylene Glycol
Change to read:

» Polyethylene Glycol is an addition polymer of ethyl-
ene oxide and water, represented by the formula:

H(OCH2CH2)nOH,

in which n represents the average number of oxy-
ethylene groups. The average molecular weight is
not less than 95.0 percent and not more than 105.0 per-
cent of the labeled nominal value if the labeled nom-
inal value is below 1000; it is not less than 90.0 percent
and not more than 110.0 percent of the labeled nominal
value if the labeled nominal value is between 1000 and
7000; it is not less than 87.5 percent and not more than
112.5 percent of the labeled nominal value if the la-
beled nominal value is above 7000. .It may contain a
suitable antioxidant..1

Change to read:
Labeling—Label it to state, as part of the official title, the average
nominal molecular weight of the Polyethylene Glycol. .Label it to
indicate the name and quantity of any added antioxidant..1

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.
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SECOND INTERIM REVISION
ANNOUNCEMENT

to USP 26 and to NF 21

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

Larry L. Braden, Chair
USP Board of Trustees

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

John W. Gasper, Director, Executive Secretariat

Official April 1, 2003. Released March 3, 2003.

All inquiries and comments regarding USP 26 text and NF 21 text should be addressed to the Executive Secretariat,

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

The following USP Reference Standards, which were in-

dicated in past Supplements to USP–NF as being not yet

available, have since become available. Thus, the official

date of each USP 26 or NF 21 standard, test, or assay requir-

ing the use of the following Reference Standards is indi-

cated individually in this list.

USP Aminopentamide Sulfate RS (September 1, 2003)
USP Powdered Asian Ginsing Extract RS (September 1, 2003)
USP Atovaquone RS (May 1, 2003)
USP Atovaquone Related Compound A RS (May 1, 2003)
USP Atracurium Besylate RS (July 1, 2003)
USP Chondroitin Sulfate Sodium RS (September 1, 2003)
USP Desogestrel RS (September 1, 2003)
USP Desogestrel Related Compound A RS (September 1, 2003)
USP Desogestrel Related Compound B RS (September 1, 2003)
USP Desogestrel Related Compound C RS (September 1, 2003)
USP Dextran 40 System Suitability RS (May 1, 2003)
USP Dextran 70 System Suitability RS (May 1, 2003)
USP Dextran Vo Marker RS (September 1, 2003)
USP Etoposide Resolution Mixture RS (July 1, 2003)
USP Felodipine Related Compound A RS (July 1, 2003)
USP Gadoteridol Related Compound B RS (July 1, 2003)
USP Gadoteridol Related Compound C RS (July 1, 2003)
USP Glutamine RS (September 1, 2003)
USP Hydroxypropyl Betadex RS (September 1, 2003)
USP Iodixanol RS (September 1, 2003)
USP Iodixanol Related Compound C RS (July 1, 2003)
USP Iodixanol Related Compound D RS (July 1, 2003)
USP Iodixanol Related Compound E RS (July 1, 2003)
USP Ivermectin RS (May 1, 2003)
USP Letrozole RS (July 1, 2003)
USP Letrozole Related Compound A RS (May 1, 2003)
USP Lovastatin Related Compound A RS (July 1, 2003)
USP Lynestrenol RS (September 1, 2003)
USP Monensin Sodium RS (September 1, 2003)
USP Paroxetine Hydrochloride RS (September 1, 2003)
USP Paroxetine Related Compound A RS (May 1, 2003)
USP Paroxetine Related Compound B RS (May 1, 2003)
USP Paroxetine Related Compound C RS (May 1, 2003)
USP Pentoxifylline RS (July 1, 2003)
USP Repaglinide RS (September 1, 2003)
USP Repaglinide Related Compound A RS (September 1, 2003)
USP Repaglinide Related Compound B RS (September 1, 2003)
USP Repaglinide Related Compound C RS (September 1, 2003)
USP Triclosan RS (July 1, 2003)
USP Ubidecarenone RS (May 1, 2003)
USP Vecuronium Bromide Related Compound A RS (May 1,

2003)
USP Zalcitabine Related Compound A RS (July 1, 2003)

The official dates of anyUSP 26 or NF 21 standards, tests,

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

erence Standards are postponed until further notice pending

availability of the respective Reference Standards.

USP Alteplase RS
USP Amiloxate RS
USP Amitraz RS
USP Positive Bioreaction RS
USP Cefpiramide RS
USP Cinoxate RS
USP Decoquinate RS
USP Desflurane RS
USP Desflurane Related Compound A RS
USP Dextran 40 RS
USP Dextran 70 RS
USP Dextran Calibration RS
USP Diethylstilbestrol Diphosphate RS
USP Enalapril Related Compound B RS
USP Enzacamene RS
USP Fludeoxyglucose RS
USP Ginseng Extract RS
USP Gonadorelin Hydrochloride RS
USP Hypericin RS
USP Lactase RS
USP Menotropins RS
USP Methyldopa–Glucose Reaction Product RS
USP Mibolerone RS
USP Narasin RS
USP Ondansetron Hydrochloride RS
USP Ondansetron Related Compound A RS
USP Ondansetron Related Compound B RS
USP Ondansetron Related Compound C RS
USP Ondansetron Related Compound D RS
USP Oxfendazole RS
USP Poloxalene RS
USP Potassium Perchlorate RS
USP Pyrethrum Extract RS
USP Sargramostim RS
USP Sulisobenzone RS
USP D8-tetrahydrocannabinol RS
USP D9-tetrahydrocannabinol RS
USP Thiacetarsamide RS
USP Tiletamine Hydrochloride RS
USP Tilmicosin RS
USP Tinidazole RS
USP Tinidazole Related Compound A RS
USP Tinidazole Related Compound B RS
USP Trenbolone RS
USP Trenbolone Acetate RS
USP Tylosin RS
USP Powdered Valerian RS
USP Vasopressin RS
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USP 26 MONOGRAPHS

Atovaquone Oral Suspension

Change to read:
Related compounds—Using the chromatograms of the Resolution
solution, the Standard preparation, and the Assay preparation ob-
tained in the Assay, calculate the percentage of atovaquone related
compounds, .based on the labeled strength of atovaquone,.2 by the
formula:

in which C is the concentration, in mg per mL, of USPAtovaquone
RS in the Standard preparation; .D is the density of Oral Suspen-
sion, in g per mL (1.04 g per mL at 208 – 258); S is the weight, in g,
of Oral Suspension taken to prepare the Assay preparation;.2 L is
the labeled amount, in mg per mL, of atovaquone in the Oral Sus-
pension; Fi is the response factor of an individual atovaquone re-
lated compound relative to the response of atovaquone,
specifically, 1.08 for any peak observed at a relative retention time
of about 0.65, 0.85 for any peak observed at a retention time cor-
responding to that of atovaquone related compound A, as deter-
mined from the chromatogram of the Resolution solution, and
1.0 for any other related compound peak; ri is the individual peak
response of an atovaquone related compound, if any, in the chro-
matogram of the Assay preparation; and rS is the peak response of
atovaquone in the chromatogram of the Standard preparation.Dis-
regard any peak having a relative retention time of about 0.3,
which is due to photodegradation during preparation of the Assay
preparation. Not more than 0.5% of an atovaquone related com-
pound with a relative retention time of about 0.65 is found; not
more than 1.0% of atovaquone related compound A is found;
not more than 0.3% of an atovaquone related compound with a re-
lative retention time of about 0.88 is found; not more than 0.2% of
any other atovaquone related compound is found; and the sum of
all related compounds is not more than 2.0%.

Change to read:
Assay—
Mobile phase—Prepare a mixture of acetonitrile, water, metha-

nol, and phosphoric acid (480:360:160:5). Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Resolution solution—Prepare a solution in 0.1 M methanolic so-

dium hydroxide containing about 0.09 mg of USPAtovaquone RS
and 0.01 mg of USP Atovaquone Related Compound A RS per
mL. Store in a low-actinic glass container.
Standard preparation—Transfer about 30 mg of USP Atova-

quone RS, accurately weighed, to a low-actinic 10-mL volumetric
flask, and add 2 mL of water and 6 mL of 0.1 Mmethanolic sodium
hydroxide. Sonicate for about 5 minutes or until the material has
dissolved. Allow to cool, dilute with 0.1 M methanolic sodium hy-
droxide to volume, and mix. Transfer 3.0 mL of this solution to a
low-actinic 100-mL volumetric flask, dilute with a mixture of
methanol and water (1:1), and mix. [NOTE—Minimize exposure
of this solution to light.]
Assay preparation—.Transfer approximately 5.2 g of the well-

mixed Oral Suspension, accurately weighed,.2 to a low-actinic
250-mL volumetric flask. Add 50 mL of water, swirl for about 5

minutes, add 150 mL of 0.1 M methanolic sodium hydroxide, and
sonicate for about 15 minutes. Allow to cool, dilute with 0.1 M
methanolic sodium hydroxide to volume, and mix. Immediately fil-
ter a 20-mL portion, discarding the first 5 mL of the filtrate. Trans-
fer 3.0 mL of the clear filtrate to a low-actinic 100-mL volumetric
flask, dilute with a mixture of methanol and water (1:1) to volume,
and mix. [NOTE—Minimize exposure of this solution to light.]
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 220-nm detector and a
4.6-mm 6 12.5-cm column that contains packing L1. The flow
rate is about 3 mL per minute. Chromatograph the Resolution solu-
tion, and record the peak areas as directed for Procedure: the rela-
tive retention times are about 0.86 for atovaquone related
compound A and 1.0 for atovaquone. Chromatograph the Standard
preparation, and record the peak areas as directed for Procedure:
the tailing factor is not more than 1.5; and the relative standard de-
viation for replicate injections is not more than .2.0%..2
Procedure—Separately inject equal volumes (about 20 mL) of

the Standard preparation, the Resolution solution, and the Assay
preparation into the chromatograph, record the chromatograms,
and measure the areas for the major peaks. Calculate the quantity,
in mg, of atovaquone (C22H19ClO3) in each mL of the Oral Suspen-
sion taken by the formula:

(25,000/3)(C/V)(rU / rS),

in which C is the concentration, in mg per mL, of USPAtovaquone
RS in the Standard preparation; V is the volume, in mL, of Oral
Suspension taken to prepare the Assay preparation; and rU and rS
are the atovaquone peak areas obtained from the Assay preparation
and the Standard preparation, respectively.

Cefepime for Injection

Add the following:
.Other requirements—It meets the requirements for Labeling un-
der Injections..2

Flucytosine Capsules

Change to read:
Dissolution h711i—

Medium: water; 900 mL.
Apparatus 2: .75 rpm..2
Time: .60 minutes..2
Procedure—Determine the amount of C4H4FN3O dissolved

from UV absorbances at the wavelength of maximum absorbance
at about 276 nm of filtered portions of the solution under test, suit-
ably diluted with water, if necessary, in comparison with a Stan-
dard solution having a known concentration of USP Flucytosine
RS in the same Medium.
Tolerances—Not less than .80%.2 (Q) of the labeled amount of

C4H4FN3O is dissolved in .60 minutes..2

Pharmacopeial Forum
Vol. 29(2) [Mar.–Apr. 2003] SECOND INTERIM REVISION ANNOUNCEMENT 385

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.



Pentoxifylline Extended-Release Tablets

Add the following:
.Drug release h724i—
Test 1: If the product complies with this test, the labeling indi-

cates that it meets USP Drug Release Test 1.
Medium: water; 900 mL or 1000 mL.
Apparatus 2: 100 rpm.
Times: 1, 4, 8, and 12 hours.
Procedure—Determine the amount of C13H18N4O3 dissolved by

employing UV absorption at the wavelength of maximum absor-
bance at about 274 nm on filtered portions of the solution under
test, suitably diluted with Dissolution Medium, if necessary, in
comparison with a Standard solution having a known concentra-
tion of USP Pentoxifylline RS in the same Medium.
Tolerances—The percentages of the labeled amount of

C13H18N4O3 dissolved at the times specified conform to Acceptance
Table 1.

Time (hours) Amount dissolved

1 not more than 30%
4 between 30% and 55%
8 not less than 60%
12 not less than 80%

Test 2: If the product complies with this test, the labeling indi-
cates that it meets USP Drug Release Test 2.
Medium: water; 900 mL.
Apparatus 2: 75 rpm.
Times: 1, 6, 10, and 20 hours.
Procedure—Proceed as directed under Test 1.
Tolerances—The percentages of the labeled amount of

C13H18N4O3 dissolved at the times specified conform to the follow-
ing table.

Time (hours) Amount dissolved

1 between 8% and 30%
6 between 35% and 60%
10 between 53% and 80%
20 not less than 80%

Test 3: If the product complies with this test, the labeling indi-
cates that it meets USP Drug Release Test 3.
Medium: water; 900 mL.
Apparatus 1: 100 rpm.
Times: 2, 8, 12, and 20 hours.
Procedure—Proceed as directed under Test 1.
Tolerances—The percentages of the labeled amount of

C13H18N4O3 dissolved at the times specified conform to the follow-
ing table.

Time (hours) Amount dissolved

2 between 15% and 35%
8 between 55% and 75%
12 between 75% and 95%
20 not less than 85%

Test 4: If the product complies with this test, the labeling indi-
cates that it meets USP Drug Release Test 4.
Medium: water; 900 mL.
Apparatus 2: 50 rpm.
Times: 1, 8, and 24 hours.
Procedure—Proceed as directed for Test 1.
Tolerances—The percentages of the labeled amount of

C13H18N4O3 dissolved at the times specified conform to the follow-
ing table.

Time (hours) Amount dissolved

1 between 0% and 20%
8 between 35% and 60%
24 not less than 80%

Test 5: If the product complies with this test, the labeling indi-
cates that it meets USP Drug Release Test 5.
Medium: water; 900 mL.
Apparatus 2: 75 rpm.
Times: 1, 2, 4, 6, and 20 hours.
Procedure—Proceed as directed for Test 1, except to use the

wavelength of maximum absorbance at about 264 nm instead of
274 nm.
Tolerances—The percentages of the labeled amount of

C13H18N4O3 dissolved at the times specified conform to the follow-
ing table.

Time (hours) Amount dissolved

1 between 5% and 25%
2 between 10% and 35%
4 between 20% and 50%
6 between 30% and 60%
20 not less than 80%

Test 6: If the product complies with this test, the labeling indi-
cates that it meets USP Drug Release Test 6.
Medium: simulated gastric fluid (without enzymes); 900 mL.
Apparatus 2: 50 rpm.
Times: 2, 8, 12, and 24 hours.
Procedure—Proceed as directed for Test 1.
Tolerances—The percentages of the labeled amount of

C13H18N4O3 dissolved at the times specified conform to the follow-
ing table.

Time (hours) Amount dissolved

2 between 10% and 30%
8 between 40% and 60%
12 between 55% and 75%
24 not less than 85%

Test 7: If the product complies with this test, the labeling indi-
cates that it meets USP Drug Release Test 7.
Medium: water; 900 mL.
Apparatus 2: 50 rpm.
Times: 1, 3, 8, and 18 hours.
Procedure—Proceed as directed for Test 1.
Tolerances—The percentages of the labeled amount of

C13H18N4O3 dissolved at the times specified conform to the follow-
ing table.

Time (hours) Amount dissolved

1 not more than 25%
3 between 25% and 45%
8 between 55% and 75%
18 not less than 80%

Test 8: If the product complies with this test, the labeling indi-
cates that it meets USP Drug Release Test 8.
Medium: water; 900 mL.
Apparatus 2: 75 rpm.
Times: 1, 2, 4, 10, and 16 hours.
Procedure—Proceed as directed for Test 1.
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Tolerances—The percentages of the labeled amount of
C13H18N4O3 dissolved at the times specified conform to the follow-
ing table.

Time (hours) Amount dissolved

1 between 10% and 20%
2 between 15% and 35%
4 between 25% and 45%
10 between 55% and 75%
16 not less than 80%

Test 9: If the product complies with this test, the labeling indi-
cates that it meets USP Drug Release Test 9.
Medium: water; 900 mL.
Apparatus 2: 50 rpm.
Times: 1, 3, 6, 12, and 18 hours.
Procedure—Proceed as directed for Test 1, except to use the

wavelength of maximum absorbance at about 230 nm instead of
274 nm.
Tolerances—The percentages of the labeled amount of

C13H18N4O3 dissolved at the times specified conform to the follow-
ing table.

Time (hours) Amount dissolved

1 between 0% and 20%
3 between 20% and 40%
6 between 30% and 60%
12 between 50% and 80%
18 not less than 80%

Test 10: If the product complies with this test, the labeling indi-
cates that it meets USP Drug Release Test 10.
Medium: water; 900 mL.
Apparatus 2: 75 rpm.
Times: 1, 6, 12, and 20 hours.
Procedure—Proceed as directed for Test 1.
Tolerances—The percentages of the labeled amount of

C13H18N4O3 dissolved at the times specified conform to the follow-
ing table.

Time (hours) Amount dissolved

1 not more than 20%
6 between 35% and 65%
12 between 60% and 90%
20 not less than 80%.2

Vitamin E Capsules

Change to read:
Packaging and storage—Preserve in tight containers,.and store at
room temperature. Protect Capsules containing d- or dl-alpha toco-
pherol from light..2

GENERAL CHAPTERS

General Tests and Assays

General Requirements for
Tests and Assays

h11i USP REFERENCE
STANDARDS

Change to read:
USP Amcinonide RS—Dry portion at 1058 for 4 hours before
using. Keep container tightly closed. .Starting with Lot G label
as: Do not dry before using. Keep container tightly closed. Store
in a refrigerator..2

Change to read:
USP Clorazepate Dipotassium RS—Dry portion in vacuum at
608 for 1 hour before using. Store under nitrogen. Keep container
tightly closed. Protect from light. .Starting with Lot G label as: Do
not dry. Store under nitrogen. Keep container tightly closed. Pro-
tect from light..2

Change to read:
USP Etoposide .Resolution Mixture.2 RS

.
.2—Do not dry be-

fore using. Keep container tightly closed and protected from light.

Change to read:
USP Glutamine RS—.Do not dry. Keep container tightly
closed..2

Change to read:
USP 9-Hydroxypropantheline Bromide RS—Do not dry before
use. Keep container tightly closed and protected from light at con-
trolled room temperature. Store in a desiccator. If the container is
opened frequently, seal the container under an inert gas (nitrogen or
argon) atmosphere. .(NAMECHANGE) Starting with Lot G, the name
is changed to USP Propantheline Bromide Related Compound A
RS. (See USP Propantheline Bromide Related Compound A RS)..2

Change to read:
USP L-Leucine RS—Dry portion at 1058 for 3 hours before using.
Keep container tightly closed. .Starting with Lot H label as: Do not
dry before using. Keep container tightly closed..2

Add the following:
.USP Propantheline Bromide Related Compound A RS—See
USP 9-Hydroxypropantheline Bromide RS. (C23H30BrNO3

464.39)—Do not dry. Keep container tightly closed. Avoid contact.
Store in a dessicator. Protect from light. Store under inert atmos-
phere..2

Pharmacopeial Forum
Vol. 29(2) [Mar.–Apr. 2003] SECOND INTERIM REVISION ANNOUNCEMENT 387

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.



Chemical Tests and Assays

LIMIT TESTS

h281i RESIDUE ON IGNITION

Change to read:
.The Residue on Ignition / Sulfated Ash test utilizes a procedure

to measure the amount of residual substance not volatilized from a
sample when the sample is ignited in the presence of sulfuric acid
according to the procedure described below. This test is usually
used for determining the content of inorganic impurities in an or-
ganic substance..2

Change to read:
.Procedure—.2Weigh accurately 1 to 2 g of the substance, or

the amount specified in the individual monograph, in a suitable
crucible .(silica, platinum, quartz, or porcelain).2 that previously
has been ignited .at 600 + 508 for 30 minutes,.2 cooled

.in a de-
siccator (silica gel or other suitable desiccant),.2 and weighed.
.Moisten the sample with a small amount (usually 1 mL) of sul-
furic acid..2 Heat, gently at first, .at a temperature as low as prac-
ticable.2 until the substance is thoroughly charred, cool, then,
unless otherwise directed in the individual monograph, moisten

the residue with .a small amount (usually 1 mL).2 of sulfuric acid,
heat gently until white fumes are no longer evolved, and ignite at
.600 + 508,.2 unless another temperature is specified in the indi-
vidual monograph, until the carbon is consumed. .Ensure that
flames are not produced at any time during the procedure..2 Cool
in a desiccator .(silica gel or other suitable desiccant),.2 weigh, and
calculate the percentage of residue. .Unless otherwise specified,
if.2 the amount of the residue so obtained exceeds the limit speci-
fied in the individual monograph, .repeat the moistening with sul-
furic acid, heating and ignition as before,.2 until constant weight is
attained or until the percentage of residue complies with the limit in
the individual monograph.
Conduct the ignition in a well-ventilated hood, but protected

from air currents, and at as low a temperature as is possible to effect
the complete combustion of the carbon. A muffle furnace may be
used, if desired, and its use is recommended for the final ignition at
.600 + 508..2

Calibration of the muffle furnace may be carried out using an
appropriate digital temperature meter and a working thermocouple
probe calibrated against a standard thermocouple traceable to the
National Institute of Standards and Technology.
Verify the accuracy of the measuring and controlling circuitry of

the muffle furnace by checking the positions in the furnace at the
control set point temperature of intended use. Select positions that
reflect the eventual method of use with respect to location of the
specimen under test. The tolerance is +258 at each position mea-
sured.
Sulphated Ash tests found in the European .and Japanese.2

Pharmacopoeias are considered equivalent to this test, except
where noted.
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IN-PROCESS REVISION
This section contains proposals for adoption as official USP or NF standards (either proposed new standards or proposed

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

Pharmacopeial Previews and are now formally proposed as revisions; (2) proposed revisions placed directly under In-Pro-

cess Revision; or (3) modifications of revisions previously proposed under In-Process Revision. Readers should review ma-

terial in this section and provide comments to the staff liaison (use the Staff Directory to find the contact information).

Information on how to comment is found in the Policies and Announcements section. It is important to send comments

promptly so that the Committee members can consider readers’ input as they are deciding whether to advance standards

to official status.

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

BRIEFING

Name of Item, citations of the most recent USP publications in which this item appeared. Rationale for the
revision. Other relevant information. (For example, if a chromatographic method is being proposed, column
specifications and retention times for compounds of interest.) Finally, the Committee designation (see How to
Use PF), the name of the scientific staff liaison who handled the particular issue, and USP tracking correspon-
dence number, as shown in the example below:
(PA5: J. Esker) RTS—55678-1

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

follows, and is enclosed in symbols and set off from the current official text by a paragraph break and by larger type, thus:

.new text.

if slated for an Interim Revision Announcement to USP 26–NF 21 (IRA), thus:

~

new text
~USP27

if slated for USP 27–NF 22, and thus:

&new text&

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

increase in type size indicate recent revisions that are already official. Where the symbols appear together with no enclosed

text, such as . . or
&

& or
~

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

closing symbol is accompanied by an identifier that indicates the particular IRA or Supplement or indicates the USP or NF as

the publication where the revision will appear if approved. For example, .2 indicates that the revision is proposed for the

Second Interim Revision Announcement, and &2 indicates that the proposed revision is slated for the Second Supplement, and

~USP27 and ~NF22 indicate that the revisions are proposed for USP 27 and NF 22, respectively.

Errata These are corrections of typographical or other errors in text that do not require formal action by the Council of

Experts. Changes based on these Errata will appear in the next published Supplement and become official with that Supple-

ment.

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

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

revision becomes official.
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MONOGRAPHS (USP)

BRIEFING

Alprostadil, USP 26 page 67 and page 245 of PF 28(2) [Mar.–
Apr. 2002]. It is proposed to replace the word ‘‘less’’ with the word
‘‘more’’ in Test 2 under Limit of foreign prostaglandins to ac-
curately describe the criteria for relative standard deviation deter-
mination from the main peak for replicate injections.

(PA1: C. Anthony) RTS—39433-1

Delete the following:
&Pros tag land in A 1 , pros tag land in B 1 , and 13 ,14 -
dihydroprostaglandin E1—
Internal standard solution—Prepare a solution in methylene

chloride containing about 0.02 mg of methyltestosterone per mL.
Mobile phase—Add 1.0 mL of water to 7.5 mL of tert-amyl al-

cohol. Add this solution to 1000 mL of methylene chloride, mix,
and filter before use.
Standard preparation—Dissolve an accurately weighed quantity

of USP Prostaglandin A1 RS in methylene chloride, and dilute
quantitatively with methylene chloride to obtain a Standard stock
solution having a known concentration of about 0.1 mg per mL.
Evaporate a 2.0-mL aliquot to dryness using nitrogen. Add 200
mL of a freshly prepared 1 in 50 solution of a-bromo-2-aceto-
naphthone in acetonitrile. Swirl to wash down the sides of the vial.
Add 100 mL of a freshly prepared 1 in 100 solution of diisopropy-
lethylamine in acetonitrile, swirl again, and allow to stand at room
temperature for not less than 90 minutes. Evaporate with the aid of
a stream of nitrogen to dryness, add 20.0 mL of Internal standard
solution, and mix.
Test preparation—Accurately weigh about 2 mg of Alprostadil,

dissolve in about 2 mL of dehydrated alcohol, and gently evaporate
to dryness using nitrogen. Proceed as directed for Standard prep-
aration beginning with ‘‘Add 200 mL of a freshly prepared 1 in 50
solution. . . .’’ Dissolve the residue in 2.0 mL of Internal standard
solution.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and a
4-mm 6 30-cm column that contains packing L3. The flow rate
is about 2 mL per minute. Chromatograph the Standard prepara-
tion, and record the peak responses as directed under Procedure:
the resolution, R, between the USP Prostaglandin A1 RS and inter-
nal standard peaks is not less than 4.0, and the relative standard
deviation for replicate injections is not more than 2.5%.
Procedure—[NOTE—Where peak responses are indicated, use

peak heights.]Separately inject equal volumes (about 25 mL) of
the Standard preparation and the Test preparation into the chro-
matograph, record the chromatograms, and measure the responses
for the peaks. The relative retention times are about 1.3 and 1.4 for
prostaglandin A1 and B1, respectively, and 1.0 for the internal stan-
dard. Prostaglandin B1 co-elutes with 13,14-dihydroprostaglandin
E1. Calculate the quantity, in mg, of prostaglandin A1 taken by the
formula:

0.2CS(RU /RS),

in which CS is the concentration of USP Prostaglandin A1 RS, in
mg per mL in the Standard stock solution, and RU and RS are the
ratios of the peak responses for prostaglandin A1 and internal stan-
dard peaks obtained from the Test preparation and the Standard
preparation, respectively. Not more than 1.5% of prostaglandin
A1 is found.
Calculate the quantity, in mg, of prostaglandin B1 and 13,14-di-

hydroprostaglandin E1, as a summation, from the formula:

[0.2CS(RU /RS)]/F,

where F is a response factor defined as the ratio of retention time of
prostaglandin A1 to prostaglandin B1. The other terms are as pre-
viously defined. A total content of not more than 0.5% is found.&1

Change to read:
Limit of foreign prostaglandins—

~

TEST 1—
NOTES—Use freshly prepared solutions. Measure the peak re-

sponses at the following wavelengths: prostaglandin A1 at 224
nm; prostaglandin B1 at 280 nm; and all other foreign prostaglan-
din impurities at 200 nm.
Mobile phase—Proceed as directed in the Assay.
Standard solution—Dissolve accurately weighed quantities of

USP Alprostadil RS, USP Prostaglandin A1 RS, and USP Prosta-
glandin B1 RS in a mixture of methanol and water (9:1), and dilute
quantitatively, and stepwise if necessary, with a mixture of metha-
nol and water (9:1) to obtain a solution having known concentra-
tions of about 6 mg per mL, 15 mg per mL, and 6 mg per mL,
respectively.
Test solution—Dissolve about 15 mg of Alprostadil, accurately

weighed, in 5 mL of a mixture of methanol and water (9:1), and
mix.
Chromatographic system—Proceed as directed in the Assay.

Chromatograph the Standard solution, and record the peak re-
sponses as directed for Procedure: the resolution between prosta-
glandin A1 and alprostadil is not less than 7.5, and the relative
standard deviation from the peaks at their respective wavelength
for replicated injections is not more than 4.0%.
Procedure—Separately inject equal volumes (about 20 mL) of

the Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses at 200
nm, 224 nm, and 280 nm. Calculate the percentage of prostaglan-
din A1 and prostaglandin B1 in the portion of Alprostadil taken by
the formula:

500(CS /W)(ri / rS),

in which CS is the concentration, in mg per mL, of USP Prostaglan-
din A1 RS or USP Prostaglandin B1 RS in the Standard solution; W
is the weight, in mg, of Alprostadil taken for the Test solution; ri is
the peak response for prostaglandin A1 or prostaglandin B1 ob-
tained from the Test solution; and rS is the peak response of pros-
taglandin A1 or prostaglandin B1 obtained from the Standard
solution: not more than 1.5% of prostaglandin A1 is found; and
not more than 0.1% of prostaglandin B1 is found. Calculate the per-
centage of each impurity occurring at 200 nm and eluting before
prostaglandin A1 in the portion of Alprostadil taken by the formula:

500(CS /W)(ri / rS),

in which CS is the concentration, in mg per mL, of USPAlprostadil
RS in the Standard solution; ri is the peak response for each impu-
rity obtained from the Test solution; rS is the peak response for al-
prostadil obtained from the Standard solution; and the other terms
are as defined herein: not more than 0.9% of any foreign prosta-
glandin impurity is found. Calculate the percentage of any impurity
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having a relative retention time of 0.6, relative to the prostaglandin
A1 peak detected at 224 nm, in the portion of Alprostadil taken by
the formula:

500(CS /W)(ri / rS),

in which CS is the concentration, in mg per mL, of USP Prostaglan-
din A1 RS in the Standard solution; ri is the peak response for any
impurity having a relative retention time of 0.6, relative to the pros-
taglandin A1 peak, obtained from the Test solution; rS is the peak
response of prostaglandin A1 obtained from the Standard solution;
and the other terms are as defined herein: not more than 0.9% of
any impurity having a relative retention time of 0.6, relative to the
prostaglandin A1 peak, is found.
TEST 2—
Mobile phase—Prepare a filtered and degassed mixture of

methanol, acetonitrile, and 0.02 M monobasic potassium phos-
phate (2:1:1), and adjust with phosphoric acid to a pH of 3. Make
adjustments if necessary (see System Suitability under Chromatog-
raphy h621i).
Standard solution—Dissolve an accurately weighed quantity of

USP Alprostadil RS in a mixture of acetonitrile and water (1:1) to
obtain a solution having a known concentration of about 10 mg per
mL.
Test solution—Dissolve about 25 mg of Alprostadil, accurately

weighed, in 5 mL of a mixture of acetonitrile and water (1:1), using
ultrasound if necessary.
Identification solution—Use the Standard solution under Test 1.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a photodiode array detector
or equivalent capable of detecting UV wavelengths between 200
nm and 300 nm and a 4.6-mm x 25-cm column that contains pack-
ing L1. The flow rate is about 1.2 mL per minute. Chromatograph
the Identification solution as directed for Procedure: the relative
retention times for prostaglandin A1 and alprostadil are about 1.2
and 1.0, respectively; the resolution between prostaglandin A1 and
alprostadil is not less that 4.0. Chromatograph the Standard solu-
tion, and record the peak responses as directed for Procedure: the
relative standard deviation determined from the main peak for re-
plicated injections is not less

~

more
~USP27

than 2.0%.
Procedure—Separately inject equal volumes (about 20 mL) of

the Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak responses at 200
nm, 224 nm, and 280 nm. Calculate the percentage of each impu-
rity occurring at 200 nm and eluting after prostaglandin A1, exclud-
ing prostaglandin B1, in the portion of Alprostadil taken by the
formula:

500(CS /W)(ri / rS),

in which CS is the concentration, in mg per mL, of USPAlprostadil
RS in the Standard solution; W is the weight, in mg, of Alprostadil
taken for the Test solution; ri is the peak response for each impurity
obtained from the Test solution; and rS is the peak response for al-
prostadil obtained from the Standard solution: the sum of the peaks
having relative retention times of 2.0 and 2.3 is not more than
0.6%; not more than 0.9% of any other foreign prostaglandin im-
purity is found; and not more than 2.0% of total impurities is found,
the results for Test 1 and Test 2 being added.

~USP26

BRIEFING

Ciclopirox. Because there is no existing USP monograph for
this drug substance, a new monograph is being proposed. The Re-
lated compounds test is based on an analysis performed with the
Zorbax SB-CN Cyanopropylsilyl silica gel brand of 5-um particle
size, 4.0-mm x 8-cm L10 column.

(PA7b: B. Davani) RTS—38043

Add the following:

~Ciclopirox

C12H17NO2 207.27

2(1H)-Pyridinone, 6-cyclohexyl-1-hydroxy-4-methyl-, 6-

Cyclohexyl-1-hydroxy-4-methyl-2(1H)-pyridone

[29342-05-0].

» Ciclopirox contains not less than 98.0 percent

and not more than 101.0 percent of C12H17NO2,

calculated with reference to the dried substance.

Packaging and storage—Preserve in well-closed con-

tainers, protected from light. Store at a temperature between

158 and 308.

USP Reference standards h11i—USP Ciclopirox RS. USP

3-Cyclohexyl-4,5-dihydro-5-methyl-5-isoxazolyl Acetic

Acid RS. USP 6-Cyclohexyl-4-methyl-pyrone RS.

Identification, Infrared Absorption h197Ki.
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Loss on drying h731i—Dry it in vacuum to constant

weight: it loses not more than 1.5% of its weight.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method II h231i: not more than 0.001%.

Related compounds—[NOTE—Carry out the operations

avoiding exposure to actinic light. All materials which are

in direct connection with ciclopirox like column materials,

reagents, solvents, and others should contain only very low

amounts of extractable metal cations.]

Mobile phase—Prepare a filtered and degassed mixture of

an edetate disodium solution (0.96 in 1000), acetonitrile,

and glacial acetic acid (770 : 230 : 0.1). Make adjustments

if necessary (see System Suitability under Chromatography

h621i).

Rinsing solution—Prepare a mixture of water, acetonitrile,

glacial acetic acid, and acetylacetone (500 : 500 : 1:1).

Standard solution—Dissolve 15 mg of USP 3-Cyclohex-

yl-4,5-dihydro-5-methyl-5-isoxazolyl Acetic Acid RS and

15 mg of USP 6-Cyclohexyl-4-methyl-pyrone RS, ac-

curately weighed, in 1 mL of acetonitrile and 7 mL of Mo-

bile phase. Dilute the solution thus obtained with Mobile

phase to 10.0 mL in order to obtain a Standard stock solu-

tion having a known concentration of 1.5 mg each per mL.

Dilute 1.0 mL of Standard stock solution to 200.0 mL with a

mixture of Mobile phase and acetonitrile (9:1) to obtain

Standard solution A. Dilute 2.0 mL of Standard solution

A to 10.0 mL with a mixture of Mobile phase and acetoni-

trile (9:1) to obtain Standard solution B.

Resolution solution—Mix 5 mL of Standard stock solu-

tion with 5 mL of the Test solution.

Test solution—Dissolve 30 g of ciclopirox, accurately

weighed, in a mixture of 2 mL of acetonitrile and 15 mL

of Mobile phase. If necessary, use an ultrasonic bath. Dilute

with Mobile phase to 20.0 mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a detector cap-

able of recording at both 220 nm and 298 nm and a 4.0-mm

x 8-cm column that contains packing L10. [NOTE—3-cyclo-

hexyl-4,5-dihydro-5-methyl-5-isoxazolyl acetic acid has an

intense absorbance at 220 nm and 6-cyclohexyl-4-methyl-

2(1H)-pyridone, 6-cyclohexyl-4-methyl-pyrone, and ciclo-

pirox have intense absorbances at 298 nm.] The flow rate

is about 0.7 mL per minute. Chromatograph the Resolution

solution, and record the peak responses as directed for

Procedure at 298 nm: the resolution between the 6-cyclo-

hexyl-4-methyl-pyrone peak and ciclopirox peak is not less

than 2.0. Chromatograph the Standard solution B, and re-

cord the peak responses as directed for Procedure at 298

nm: the chromatogram obtained shows at 298 nm a peak

corresponding to 6-cyclohexyl-4-methyl-pyrone with a sig-

nal-to-noise ratio of not less than 3. Chromatograph the Test

solution, and record the peak responses as directed for

Procedure at 298 nm: the tailing factor of the ciclopirox

peak is less than 2.0.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard solutions and the Test solution into

the chromatograph, and record the chromatograms.

[NOTE—In order to ensure desorption of disruptive metal

ions, every new column must be rinsed with the Rinsing

solution over a period of not less than 15 hours and then

with the Mobile phase for not less than 5 hours with a flow

rate of 0.2 mL per minute. The chromatographic run time is

not less than 2.5 times the retention time of the ciclopirox

peak.] The relative retention times are about 0.5 for 3-cyclo-

hexyl-4,5-dihydro-5-methyl-5-isoxazolyl acetic acid, 0.9

for 6-cyclohexyl-4-methyl-2(1H)-pyridone, 1.0 for ciclopir-

ox, and 1.3 for 6-cyclohexyl-4-methyl-pyrone. The peak re-

sponse at 220 nm of the 3-cyclohexyl-4,5-dihydro-5-

methyl-5-isoxazolyl acetic acid peak in the chromatogram
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obtained from the Test solution is not more than the peak

response at 220 nm of the corresponding peak in the chro-

matogram obtained from Standard solution A (0.5%). The

sum of responses at 298 nm of the peaks in the chromato-

gram obtained from the Test solution is not more than the

peak response at 298 nm of the 6-cyclohexyl-4-methyl-pyr-

one peak in the chromatogram obtained from Standard solu-

tion A (0.5%). At 298 nm disregard any peak due to the

solvent and any peak with a response less than the response

of the 6-cyclohexyl-4-methyl-pyrone peak in the chromato-

gram obtained from Standard solution B at 298 nm (0.1%).

Assay—Dissolve 150 mg of Ciclopirox, accurately

weighed, in 20 mL of methanol. Add 20 mL of water,

mix, and titrate with 0.1 N sodium hydroxide VS, determin-

ing the end-point potentiometrically. Carry out a blank test.

Determine the factor of the 0.1 N sodium hydroxide VS

using 100 mg of benzoic acid, accurately weighed, and ti-

trate under the conditions prescribed above. Each mL of

0.1 N sodium hydroxide VS is equivalent to 20.73 mg of

C12H17NO2.~USP27

BRIEFING

Ciclopirox Olamine, USP 26 page 451. It is proposed to sub-
stitute the colorimetric assay by a more precise titration method. In
addition, an HPLC chromatographic method is proposed for the
determination of related compounds. The chromatographic proce-
dure is based on analysis performed with the Zorbax SB-CN Cya-
nopropylsilyl silica gel brand of 5-mm particle size, 4.0-mm 6 8-
cm L10 column. Typical relative retention times reported are about
0.5 for 3-cyclohexyl-4,5-dihydro-5-methyl-5-isoxazolyl acetic
acid, 0.9 for 6-cyclohexyl-4-methyl-2(1H)-pyridone, 1.0 for ciclo-
pirox, and 1.3 for 6-cyclohexyl-4-methyl-pyrone. Furthermore, it
is proposed to delete the TLC test since the IR method provides
sufficient identification test. On the basis of information received,
minor revisions are also proposed for Packaging and storage, the
test for pH, and the lower level for the content of heavy metals.

(PA7b: B. Davani) RTS—38043-1

Change to read:
Packaging and storage—Preserve in well-closed containers.
~

protected from light. Store between 158 and 308.
~USP27

Change to read:
USP Reference standards h11i—USP Ciclopirox Olamine RS.
~

USP 3-Cyclohexyl-4,5-dihydro-5-methyl-isoxazolyl Acetic

Acid RS. USP 6-Cyclohexyl-4-methyl-pyrone RS.
~USP27

Change to read:
Identification—
A: Infrared Absorption h197Ki.
B: Prepare a test solution by dissolving a suitable quantity of it

in methanol to obtain a concentration of about 40 mg per mL. Si-
milarly prepare a Standard solution, using USP Ciclopirox Ola-
mine RS. Separately apply 10-mL portions of the test solution
and the Standard solution to a suitable thin-layer chromatographic
plate (see Chromatography h621i) coated with a 0.25-mm layer of
octadecylsilanized chromatographic silica gel mixture, and allow
the spots to dry. Place the plate in a suitable chromatographic
chamber saturated with a solvent system consisting of a mixture
of acetonitrile, isopropyl alcohol, water, 1 M methanolic tetrabu-
t y l ammon i um hyd r o x i d e , a n d g l a c i a l a c e t i c a c i d
(50:40:10:0.8:0.6), and develop the chromatogram with the same
solvent system. When the solvent front has moved about three-
fourths of the length of the plate, remove the plate from the cham-
ber, and allow to dry. Expose the plate to iodine vapors for 3 hours,
and locate the spots on the plate: the Rf values of the principal spots
obtained from the test solution correspond to those obtained from
the Standard solution.

~

~USP27

Change to read:
pH h791i: between 8.0 and 9.0, in a solution (1 in 100).
~

in a mixture with water (1:100).
~USP27

Change to read:
Heavy metals, Method II h231i: not more than 0.002%.
~

0.001%.
~USP27

Add the following:

~

Related compounds—[NOTE—Carry out the operations

avoiding exposure to actinic light. All materials that are in

direct contact with Ciclopirox Olamine (i.e, column materi-

als, reagents, solvents, etc.) should contain only very low

amounts of extractable metal cations.]

Mobile phase—Prepare a filtered and degassed mixture of

an edetate disodium solution (0.96 in 1000), acetonitrile,

and glacial acetic acid (770:230:0.1). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).
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Rinsing solution—Prepare a mixture of water, acetonitrile,

glacial acetic acid, and acetylacetone (500:500:1:1).

Standard stock solution—Dissolve 15 mg of USP 3-Cy-

clohexyl-4,5-dihydro-5-methyl-5-isoxazolyl Acetic Acid

RS and 15 mg of USP 6-Cyclohexyl-4-methyl-pyrone RS,

accurately weighed, in 1 mL of acetonitrile and 7 mL ofMo-

bile phase. Dilute the solution thus obtained to 10.0 mL with

Mobile phase to obtain a solution having a known concen-

tration of 1.5 mg of each Reference Standard per mL.

Standard solutions—Dilute 1.0 mL of Standard stock

solution to 200.0 mL with a mixture of Mobile phase and

acetonitrile (9:1) to obtain Standard solution A. Dilute 2.0

mL of Standard solution A to 10.0 mL with a mixture of

Mobile phase and acetonitrile (9:1) to obtain Standard solu-

tion B.

Test solution—Dissolve 40 mg of Ciclopirox Olamine, ac-

curately weighed, in a mixture of 2 mL of acetonitrile, 20 mL

of glacial acetic acid, and 15 mL of Mobile phase. If neces-

sary, use an ultrasonic bath to dissolve. Dilute with Mobile

phase to 20.0 mL, and mix.

Resolution solution—Mix 5 mL of Standard stock solu-

tion with 5 mL of the Test solution.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a detector cap-

able of recording at both 220 nm and 298 nm and a 4.0-mm

6 8-cm column that contains packaging L10. [NOTE—3-

cyclohexyl-4,5-dihydro-5-methyl-5-isoxazolyl acetic acid

has an intense absorbance at 220 nm and 6-cyclohexyl-4-

methyl-2(1H)-pyridone, 6-cyclohexyl-4-methyl-pyrone,

and ciclopirox have intense absorbances at 298 nm.] The

flow rate is about 0.7 mL per minute. Chromatograph the

Resolution solution at 298 nm, and record the peak re-

sponses as directed for Procedure: the resolution between

the 6-cyclohexyl-4-methyl-2-pyrone peak and ciclopirox

peak is not less than 2.0. Chromatograph the Standard solu-

tion B at 298 nm, and record the peak responses as directed

for Procedure: the chromatogram obtained shows at 298 nm

a peak corresponding to 6-cyclohexyl-4-methyl-pyrone

with a signal-to-noise ratio of not less than 3. Chromato-

graph the Test solution at 298 nm, and record the peak re-

sponses as directed for Procedure: the tailing factor of the

ciclopirox peak is less than 2.0.

Procedure—Separately inject equal volumes (about 10

mL) of Standard solutions A and B and the Test solution into

the chromatograph, and record the chromatograms.

[NOTE—In order to ensure desorption of disruptive metal

ions, every new column must be rinsed with the Rinsing

solution over a period of not less than 15 hours and then

with the Mobile phase for not less than 5 hours with a flow

rate of 0.2 mL per minute. The chromatographic run time is

not less than 2.5 times the retention time of the ciclopirox

peak.] The relative retention times are about 0.5 for 3-cyclo-

hexyl-4,5-dihydro-5-methyl-5-isoxazolyl acetic acid, 0.9

for 6-cyclohexyl-4-methyl-2(1H)-pyridone, 1.0 for ciclopi-

rox, and 1.3 for 6-cyclohexyl-4-methyl-pyrone. The peak

response at 220 nm of the 3-cyclohexyl-4,5-dihydro-5-

methyl-5-isoxazolyl acetic acid peak in the chromatogram

obtained from the Test solution is not more than the peak

response at 220 nm of the corresponding peak in the chro-

matogram obtained from Standard solution A (0.5% with

reference to ciclopirox). The sum of responses at 298 nm

of the peaks in the chromatogram obtained from the Test

solution is not more than the peak response at 298 nm of

the 6-cyclohexyl-4-methyl-pyrone peak in the chromato-

gram obtained from Standard solution A (0.5% with refer-

ence to ciclopirox). At 298 nm disregard any peak due to the
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solvent and any peak with a response less than the response

of the 6-cyclohexyl-4-methyl-2-pyrone peak in the chroma-

togram obtained from Standard solution B at 298 nm (0.1%

with reference to ciclopirox).
~USP27

Change to read:
Assay—
Ferrous sulfate solution—Transfer 600 mg of ferrous sulfate to a

25-mL volumetric flask. Add 0.6 mL of glacial acetic acid, dilute
with water to volume, and mix.
Standard preparation—Dissolve an accurately weighed quantity

of USP Ciclopirox Olamine RS in methanol to obtain a solution
having a known concentration of about 0.4 mg per mL.
Assay preparation—Transfer about 40 mg of Ciclopirox Ola-

mine, accurately weighed, to a 100-mL volumetric flask, dissolve
in about 80 mL of methanol, dilute with methanol to volume, and
mix.
Procedure—Transfer 5.0 mL of the Standard preparation, 5.0

mL of the Assay preparation, and 5.0 mL of methanol (blank prep-
aration) to separate 25-mL volumetric flasks. Add 15 mL of metha-
nol to each flask, and mix. Add 1.0 mL of Ferrous sulfate solution
to each flask, mix, dilute with methanol to volume, and mix. Store
the flasks in the dark for 1 hour. Concomitantly determine the ab-
sorbances of the solutions from the Assay preparation and the
Standard preparation against the blank in 1-cm cells at the wave-
length of maximum absorbance at about 440 nm, with a suitable
spec t rophotometer. Calcula te the quant i ty, in mg, of
C12H17NO2 �C2H7NO in the portion taken using the formula:

100C(AU /AS),

in which C is the concentration, in mg per mL, of USP Ciclopirox
Olamine RS in the Standard preparation; and AU and AS are the
absorbances of the solutions from the Assay preparation and the
Standard preparation, respectively.

Dissolve 200 mg of Ciclopirox Olamine, accurately

weighed, in 2 mL of methanol. Add 38 mL of water, mix,

and titrate with 0.1 N sodium hydroxide VS, determining

the endpoint potentiometrically. Perform a blank determina-

tion, and make any necessary corrections. Determine the

factor of the 0.1 N sodium hydroxide VS using 100 mg of

benzoic acid, accurately weighed, and titrate under the

conditions prescribed above. Each mL of 0.1 N sodium hy-

droxide VS is equivalent to 26.84 mg of C12H17

NO2 �C2H7NO.~USP27

BRIEFING

Cyanocobalamin Co 57 Capsules, USP 26 page 501; Cyano-
cobalamin Co 57 Oral Solution, USP 26 page 502. The proposed
revisions provide compatibility with the monograph for Cyanoco-
balamin Co 58 Capsules (see page 748 of PF 28(3) [May–June
2002]). Both articles are used as a dual isotope test. They are pack-
aged and tested as a single unit and the requirements should be
comparable.

(RMI: F. Barletta) RTS—39401-1

Change to read:

» Cyanocobalamin Co 57 Capsules contain Cyanoco-
balamin in which a portion of the molecules contain
radioactive cobalt (57Co) in the molecular structure.
Each Capsule contains not less than 90.0 percent and
not more than 110.0 percent of the labeled amount of
57Co as cyanocobalamin expressed in megabecquerels
(microcuries) at the time indicated in the labeling. The
cyanocobalamin content is not less than 90.0 percent
and not more than 110.0 percent of the labeled amount.
The specific activity is not less than 0.02 megabec-
querel (0.5 microcurie) per mg of cyanocobalamin.

~

~USP27

Add the following:

~

Specific activity: not less than 0.02 MBq (0.5 mCi) per mg

of cyanocobalamin.
~USP27

Change to read:
Packaging and storage—Preserve in well-closed, light-resistant
containers
~

, and store in a cold place.
~USP27

Add the following:

~

Disintegration h701i: 30 minutes, testing 1 Capsule in 1 N

hydrochloric acid maintained at 37 + 28 as the immersion

fluid.
~USP27

Change to read:
Uniformity of dosage units: meet the requirements.
Procedure for content uniformity—Determine the instrument re-

sponse of each of 20
~

10
~USP27

Capsules by measurement in a suitable counting assembly and un-
der identical geometric conditions. Calculate the mean radioactiv-
ity value
~

average radioactivity
~USP27

per Capsule. The requirements are met if not less than 19 of the
Capsules are within the limits of 96.5% and 103.5% of the mean
radioactivity value.
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~

The radioactivity of none of the Capsules differs by more

than 10% from the average. The relative standard deviation

is less than 3.5%.
~USP27

Change to read:
Radiochemical purity—A solution of 1 or more Capsules in
water responds to the test for Radiochemical purity under Cyano-
cobalamin Co 57 Oral Solution.
~

Dissolve the contents of 1 Capsule in 1 mL of water, allow

to stand for about 10 minutes, and centrifuge. Use the super-

natant as the Test solution. It responds to the test for Radio-

chemical purity under Cyanocobalamin Co 57 Oral

Solution.
~USP27

Add the following:

~

Radionuclidic purity—Dissolve the contents of 1 Cap-

sule in 1 mL of water, allow to stand for about 10 minutes,

and centrifuge. Use the supernatant. It responds to the test

for Radionuclidic purity under Cyanocobalamin Co 57 Oral

Solution.
~USP27

BRIEFING

Cyanocobalamin Co 57 Oral Solution, USP 26 page 502. The
proposed revision will provide compatibility with the monograph
for Cyanocobalamin Co 57 Capsules, which is found elsewhere in
this number of PF. See briefing under Cyanocobalamin Co 57
Capsules.

(RMI: F. Barletta) RTS—39401-2

Change to read:

» Cyanocobalamin Co 57 Oral Solution is a solution
suitable for oral administration, containing Cyanoco-
balamin in which a portion of the molecules contain
radioactive cobalt (57Co) in the molecular structure.
Cyanocobalamin Co 57 Oral Solution contains not less
than 90.0 percent and not more than 110.0 percent of
the labeled amount of 57Co as cyanocobalamin ex-
pressed in megabecquerels (microcuries) per mL at
the time indicated in the labeling. The cyanocobalamin
content is not less than 90.0 percent and not more than

110.0 percent of the labeled amount. The specific ac-
tivity is not less than 0.02 megabecquerel (0.5 micro-
curie) per mg of cyanocobalamin.

~

~USP27

Cyanocobalamin Co 57 Oral Solution contains a suit-
able antimicrobial agent.

Add the following:

~

Specific activity: not less than 0.02 MBq (0.5 mCi) per mg

of cyanocobalamin.
~USP27

Change to read:
Packaging and storage—Preserve in tight containers, protected
from light,
~

and store in a cold place.
~USP27

Change to read:
Radiochemical purity—[NOTE—Solutions of cyanocobalamin
are light-sensitive. Prepare the strips in diffuse light, and perform
the development and drying steps in the absence of light.] Place
0.01 mL of a solution containing 1 mg of cyanocobalamin per
mL about 45 mm from one end of a 25-mm 6 300-mm strip of
chromatographic paper (see Chromatography h621i), and allow
to dry. To the same area add a measured volume, such that it pro-
vides a count rate of not less than 20,000 counts per minute, of
appropriately diluted Cyanocobalamin Co 57 Oral Solution, and
allow to dry. Develop the chromatogram over a period of about
24 hours by descending chromatography, using a freshly prepared,
homogeneous solution prepared by mixing 1 liter of secondary bu-
tyl alcohol, 1 mL of ammonium hydroxide, 20 mL of sodium cya-
nide solution (3.5 in 1000), and 300 mL of water (if phases
separate, add 10-mL increments of secondary butyl alcohol, and
shake until the mixture becomes homogeneous). Remove the paper
strip from the apparatus when the cyanocobalamin spot has moved
at least 75 mm from the point of application. Dry the chromato-
gram in air, and determine the radioactivity distribution by scan-
ning with a suitable collimated radiation detector, or divide the
strip horizontally into sections not exceeding 65 mm in width,
and determine the radioactivity of the individual sections. The
radioactivity of the cyanocobalamin band is not less than 95.0%
of the total radioactivity.

~

Mobile phase—Prepare a solution of 10.0 g of dibasic

sodium phosphate in 1000 mL of water, and adjust with

phosphoric acid to a pH of 3.5. Prepare a mixture of this

solution and methanol (73.5:26.5), mix, and degas. Use

within 2 days.

Test solution—Use the Oral Solution.

Standard solution—Transfer about 10 mg of cyanocobal-

amin, accurately weighed, to a 100-mL volumetric flask, di-

lute withMobile phase to volume, and mix. Transfer 2.0 mL

of this solution to a 100-mL volumetric flask, dilute with

Mobile phase to volume, and mix.
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Chromatographic system (see Chromatography h621i—

The liquid chromatograph is equipped with a 361-nm detec-

tor, a gamma detector adjusted for 57Co and a 4.6-mm6 25-

cm stainless steel column that contains 5-mm packing L7.

The flow rate is about 1 mL per minute.

Procedure—Inject about 100 mL of the Standard solution

into the chromatograph, record the chromatogram for 30

minutes, and note the retention time of the cyanocobalamin

peak. Inject 100 mL of the Test solution into the chromato-

graph, and record the chromatogram for three times the re-

tention time of cyanocobalamin. Measure the peak areas

using the gamma detector, and calculate the percentage of

cyanocobalamin present as cyanocobalamin Co 57 using

the formula:

100(rU / rT),

in which rU is the cyanocobalamin Co 57 peak response ob-

tained from the Test solution, and rT is the total of all the

peak area responses in the radiochromatogram obtained

from the Test solution. Not less than 90% of the total radio-

activity is found as cyanocobalamin Co 57.
~USP27

Add the following:

~

Radionuclidic purity—Using a suitable calibrated instru-

ment (see Radioactivity h821i) and standardized solutions

of 58Co, 57Co, and 60Co, record the gamma spectrum of

the Oral Solution. The spectrum does not differ significantly

from that of the standardized 57Co solution. Determine the

relative amounts of 58Co, 57Co, and 60Co present. Cobalt

58 has a half-life of 70.9 days, and its presence is shown

by 0.511- MeV and 0.811-MeV gamma photons. Cobalt

60 has a half-life of 5.27 years, and its presence is shown

by 1.173-MeV and 1.333-MeV gamma photons. Not more

than 1% of the total radioactivity is due to 60Co; and not

more than 2% of the total radioactivity is due to 58Co,

60Co, and other radionuclidic impurities.
~USP27

BRIEFING

Dextran 40, USP 26 page 572. The current monograph of Dex-
tran 40 includes the use of five calibration standards for theMolec-
ular weight distribution and weight and number average
molecular weights test. At present, the calibration standards are
available together as a kit. However, it is proposed that the calibra-
tion standards be available separately as individual reference stan-
dards under different catalog numbers. Consequently, it is
proposed that the monograph of Dextran 40 be revised to reflect
the change.

(BBP: L. Bhattacharyya) RTS—39483-1

Change to read:
USP Reference standards h11i—USP Dextran 40 RS. USP Dex-
tran Calibration RS.
~

USP Dextran 4 Calibration RS. USP Dextran 10 Calibra-

tion RS. USP Dextran 40 Calibration RS. USP Dextran 70

Calibration RS. USP Dextran 250 Calibration RS.
~USP27

USP Dextran Vo Marker RS. USP Dextran 40 System Suitability
RS. USP Endotoxin RS.

Change to read:
Molecular weight distribution and weight and number average
molecular weights—
Mobile phase—Prepare a suitable degassed and filtered solution

containing 7.1 g of anhydrous sodium sulfate per liter in water.
Calibration solutions—Separately dissolve each of the five USP

Dextran Calibration RS in Mobile phase to obtain solutions con-
taining 20 mg per mL.

~

Separately dissolve USP Dextran 4 Calibration RS, USP

Dextran 10 Calibration RS, USP Dextran 40 Calibration

RS, USP Dextran 70 Calibration RS, and USP Dextran

250 Calibration RS inMobile phase to obtain solutions each

containing 20 mg per mL.
~USP27

Marker solution—Prepare a solution inMobile phase containing
3 mg of dextrose and 3 mg of USP Dextran Vo Marker RS per mL.
System suitability preparation—Prepare a solution of USP Dex-

tran 40 System Suitability RS in Mobile phase containing 20 mg
per mL.
Test preparation—Prepare a solution of Dextran 40 in Mobile

phase containing 20 mg per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a refractive index detector
and three 7.5-mm 6 30-cm columns containing packing L38, and
maintained at a constant temperature. Chromatograph the Marker
solution, and record the peak responses as directed for Procedure:
the elution profile shows two peaks, the first due to the Vo marker,
the second due to dextrose. Determine the void volume, Vo, of the
system as the inflection point of the ascending part of the first peak.
Determine the total volume, VT, of the system as the maximum of
the second peak; the tailing factor, t, of the dextrose peak is not
more than 1.3; and the relative standard deviation of the ratio Vo/
VT is not more than 1%. Chromatograph the Calibration solutions,
and record the peak responses as directed for Procedure.
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~

Chromatograph each of the Calibration solutions sepa-

rately, and record the peak responses as directed for Proce-

dure.
~USP27

Divide each profile into at least 60 vertical sections of equal vol-
ume increments. (The actual number of sections is represented by
the variable a in the equations below). Record yi, the height above
the baseline, corresponding to each value of vi, the volume eluted at
that section. For each value of vi, calculate the distribution coeffi-
cient, Ki, by the formula:

(vi – Vo) / (VT – Vo).

Find appropriate values of b1, b2, b3, b4, and b5, using a suitable
method,* that, when substituted in the equation:

and the resulting values of Mi substituted, along with their corre-
sponding values of yi, in the equation:

give values of weight average molecular weight, Mw, within 5% of
the labeled values for each of the Calibration solutions and 180+
2 for dextrose. Chromatograph the System suitability preparation,
and record the peak responses as directed for Procedure. Calculate
Mw of the total molecular weight distribution using the same meth-
od as directed for the Calibration solutions, but inserting the now
known values of b1, b2, b3, b4, and b5. It is between 39,000 and
46,000.
Similarly, calculate Mw of the high-fraction dextran eluted

through section n by the formula:

in which n is defined by the relations:

It is between 111,000 and 135,000.
Similarly, calculate Mw of the low-fraction dextran eluted in and

after section m by the formula:

in which m is defined by:

It is between 6,000 and 9,000.
Procedure—Chromatograph a 50-mL volume of the Test prepa-

ration, and record the peak responses. Calculate values of the
weight average molecular weight, Mw, of the total molecular
weight distribution of the high-fraction dextran, and of the low-
fraction dextran as directed for System Suitability under
Chromatography h621i the values are between 35,000 and
45,000, not more than 120,000, and not less than 5,000, respective-
ly. With the values of b1, b2, b3, b4, and b5, obtained with the Cali-
bration solutions under Chromatographic system, calculate the
number average molecular weight, Mn, of the total molecular
weight distribution of the Test preparation by substituting the cor-
responding values of Mi, along with their corresponding values of
yi, in the equation:

The number average molecular weight, Mn, is between 16,000 and
30,000. Where Dextran 40 is labeled as intended for use in the
preparation of injectables, the ratioMw/Mn is in the 1.4 to 1.9 range.

* The Gauss-Newton method, modified by Hartley [see D. Hartley Techno-
metrics, 3 (1961)] and the G. Nilsson and K. Nilsson method [see G. Nils-
son and K. Nilsson J. Chromat, 101, 137 (1974)] is a suitable method. A
curve-fitting program capable of nonlinear regression may be used.
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BRIEFING

Dextran 70, USP 26 page 575. The current monograph for Dex-
tran 70 includes the use of five calibration standards for theMolec-
ular weight distribution and weight and number average
molecular weights test. At present, the calibration standards are
available together as a kit. However, it is proposed that the calibra-
tion standards be available separately as individual reference stan-
dards under different catalog numbers. Therefore, it is proposed
that the USP Reference Standards section be revised to reflect
the change.

(BBP: L. Bhattacharyya) RTS—39483-2

Change to read:
USP Reference standards h11i—USP Dextran 70 RS. USP Dex-
tran Calibration RS.
~

USP Dextran 4 Calibration RS. USP Dextran 10 Calibra-

tion RS. USP Dextran 40 Calibration RS. USP Dextran 70

Calibration RS. USP Dextran 250 Calibration RS.
~USP27

USP Dextran Vo Marker RS. USP Dextran 70 System Suitability
RS. USP Endotoxin RS.

BRIEFING

Egg Phospholipids. Because there is no existing USP mono-
graph for this article, a new monograph is being proposed. The liq-
uid chromatographic procedures in the test for Content of
phospholipids are based on analyses performed with the 3-mm All-
sphere Silica brand of L1 column. Typical retention times are about
65 minutes for phosphatidylethanolamine, 10.5 minutes for phos-
phatidylcholine, and 12 minutes for sphingomyelin.

(PPI: F. Barletta) RTS—35348-1

Add the following:

~Egg Phospholipids

» Egg Phospholipids is a mixture of occurring

phospholipds obtained from the yolk of hens’

eggs and is suitable for use as an emulsifying

agent in injectable emulsions. It contains not less

than 60 percent (w/w) of phosphatidylcholine and

not less than 5.0 percent (w/w) of phosphatidyl-

ethanolamine. The mixture may also contain not

more than 3 percent (w/w) of sphingomyelin. It

may also contain other related phospholipids. It

may contain not more than 0.2 percent (w/w)

DL-a-tocopherol when added as a preservative.

Packaging and storage—Preserve under nitrogen in a

sealed container at a temperature of –108 or below.

USP Reference standards h11i—USP Endotoxin RS. USP

Phosphatidylcholine RS. USP Phosphatidylethanolamine

RS. USP Sphingomyelin RS.

Acid value h401i: not more than 4.5.

Peroxide value h401i: not more than 10.

Microbial limits h61i—It meets the requirements of the test

for absence of Salmonella species and Escherichia coli. The

total aerobic microbial count does not exceed 102 cfu per g.

Bacterial endotoxins h85i—It contains not more than 20

USP Endotoxin Units per g.

Water, Method I h921i—Dissolve about 2 g, accurately

weighed, in 50 mL of anhydrous methyl alcohol. Protect

from atmospheric moisture during transfer. Determine the

water content titrimetrically, using an accurately measured

portion of this solution: not more that 6.0% is found.

Limit of nonphosphatidyl lipids—

Solvent: a mixture of chloroform and methyl alcohol

(9:1).

Chromatographic column—Transfer 125 g of silica gel

having an average pore size of 6 nm into a 600-mL beaker.

[NOTE—Silica gel containing between 3% and 5% of vola-

tiles when heated at 2008 has been found to be suitable.]

Prepare a slurry with 400 mL of Solvent, and transfer to a

4.5-cm chromatographic column (see Column Chromatog-

raphy under Chromatography h621i). Drain the Solvent

through the column to a level of about 1 cm above the silica
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gel bed. Place a plug of glass wool on top of the bed. Rinse

the beaker and the column walls with 400 mL of Solvent,

and drain to about 0.5 cm above the silica gel. Discard the

eluted rinses, and place a suitable flask beneath the column.

Test solution—Transfer about 10 g of Egg Phospholipids,

accurately weighed, to a 150-mL beaker, add 50 mL of Sol-

vent, and mix to dissolve.

Procedure—Transfer the Test solution to the Chromato-

graphic column, and drain to about 0.5 cm above the silica

gel at a rate of about 8 to 10 mL per minute. Rinse the col-

umn containing the Test solution with three 20-mL portions

of Solvent, allowing each rinse to pass through the column

before adding the next. Add additional Solvent onto the col-

umn until 800 mL of eluate has been collected. Evaporate

the eluate in a tared round-bottom, 250-mL flask to dryness,

using a suitable rotary evaporator and a water bath main-

tained between 508 and 608. If silica gel is visible after evap-

oration, redissolve the residue in Solvent, filter through a

sintered-glass, medium-porosity funnel, wash the funnel

with 25 mL of Solvent, transfer back to the round-bottom

flask, and evaporate to dryness. Place the flask in a vacuum

oven at about 558 for 1 hour. Transfer to a desiccator for not

less than 1 hour, then weigh again. Repeat until the weight is

constant within 1 mg. Calculate the gain in weight: not more

than 5% of the weight of the Egg Phospholipids taken is

found.

Content of phospholipids—

Solution A—Use filtered and degassed isopropyl alcohol.

Solution B—Use filtered and degassed hexane.

Solution C—Use filtered and degassed water.

Mobile phase—Use variable mixtures of Solution A,

Solution B, and Solution C as directed for Chromatographic

system. Make adjustments if necessary (see System Suitabil-

ity under Chromatography h621i).

Solvent—Prepare a mixture of isopropyl alcohol, hexane,

and water (1:1:1).

Standard solutions—Transfer accurately weighed quanti-

ties of USP Phosphatidylcholine RS, USP Phosphatidyl-

ethanolamine RS, and USP Sphingomyelin RS to separate

flasks, dissolve each in Solvent, and dilute quantitatively

and stepwise, if necessary, with Solvent to obtain Standard

solutions having known concentrations of about 6 mg per

mL, 1mg per mL, and 0.5 mg per mL, respectively.

Test solution—Transfer about 1 g of Egg Phospholipids,

accurately weighed, to a 100-mL volumetric flask, add 50

mL of Solvent, and mix. Dilute with Solvent to volume,

and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with an evaporative

light-scattering detector and a 4.6-mm 6 10-cm column

that contain 3-mm packing L1. The flow rate is about 1.2

mL per minute. The column temperature is maintained at

a constant temperature of about 258. [NOTE—The para-

meters of detector operation may be adjusted to achieve

an appropriate signal-to-noise ratio.]

The chromatograph is programmed as follows:

Time

(minutes)

Solution A

(%)

Solution B

(%)

Solution C

(%) Elution

0 58 40 2 equilibra-

tion

0–7 58?52 40 2?8 linear gra-

dient

7–15 52 40 8 isocratic

Chromatograph the Standard solutions, and record the peak

responses as directed for Procedure: the relative retention

times are about 0.6 for phosphatidylethanolamine, 1.0 for
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phosphatidylcholine, and 1.2 for sphingomyelin; and the re-

lative standard deviation for replicate injections is not more

than 2.0%.

Procedure—Separately inject equal volumes (about 20

mL) of each of the Standard solutions and the Test solution

into the chromatograph, record the chromatograms, and

identify the peaks of the relevant analytes in the chromato-

gram of the Test solution by comparison with the chromato-

grams obtained from the Standard solutions. Measure the

areas of the analyte peaks. Separately calculate the percen-

tages of phosphatidylethanolamine, phosphatidylcholine,

and sphingomyelin in the portion of Egg Phospholipids ta-

ken by the formula:

10(C/W)(rU / rS),

in which C is the concentration, in mg per mL, of the USP

Reference Standard in the relevant Standard solution; W is

the weight, in g, of Egg Phospholipids taken to prepare the

Test solution; and rU and rS are the peak areas of the relevant

analytes in the chromatograms obtained from the Test solu-

tion and the Standard solution, respectively.
~USP27

BRIEFING

Finasteride Tablets, USP 26 page 791. It is proposed to update
this monograph with the addition of a test for Uniformity of dosage
units which was previously omitted.

(PA1: C. Anthony) RTS—39378-1

Add the following:

~

Uniformity of dosage units h905i: meet the require-

ments.
~USP27

BRIEFING

Fluoxetine Delayed-Release Capsules, page 1265 of PF 28(4)
[July–Aug. 2002]. This new monograph, which previously ap-
peared in Pharmacopeial Previews, is now forwarded with revi-
sions to In-Process Revision. The changes throughout are made
to avoid use of accurately weighed quantities of substances in so-
lutions that are not used for quantitative purposes.

(PA3: S. Salado) RTS—38798-1

Add the following:

~Fluoxetine Delayed-Release Capsules

» Fluoxetine Delayed-Release Capsules contain

an amount of Fluoxetine Hydrochloride equiva-

lent to not less than 90.0 percent and not more

than 110.0 percent of the labeled amount of fluox-

etine (C17H18F3NO).

Packaging and storage—Preserve in tight containers, and

store at controlled room temperature.

USP Reference standards h11i—USP Fluoxetine Hydro-

chloride RS. USP Fluoxetine Related Compound C RS.

Identification, Infrared Absorption h197Fi—

Test specimen—Transfer the contents of 3 Capsules to a

suitable container, and grind to a fine powder. Transfer an

accurately weighed a portion of the powder, equivalent to

about 40 mg of fluoxetine, to a suitable container, and dis-

solve in 25 mL of 0.1 N hydrochloric acid. Filter, and trans-

fer 10 mL of the solution so obtained to a separatory funnel,

add 20 mL of methylene chloride, and mix. Allow the

phases to separate, and transfer the organic layer to a small

glass container. Evaporate to dryness with the aid of a cur-

rent of air and mild heat. Redissolve the residue with a few

drops of methylene chloride, and transfer to a potassium

bromide plate. Dry or evaporate to a thin film with the aid

of a stream of nitrogen.
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Drug release h724i—[To come.]

Uniformity of dosage units h905i: meet the requirements.

Chromatographic purity—

Ion-pair solution—Dissolve about 6.5 g of sodium 1-oc-

tanesulfonate and 2.9 g of anhydrous sodium acetate in 1

liter of water, and adjust with glacial acetic acid to a pH

of 5.0.

Mobile phase—Prepare a filtered and degassed mixture of

Ion-pair solution and acetonitrile (58:42). Make adjust-

ments if necessary (see System Suitabil i ty under

Chromatography h621i).

Degraded fluoxetine solution—Dissolve an accurately

weighed a quantity of USP Fluoxetine Hydrochloride RS

in 0.1 N hydrochloric acid to obtain a solution containing

about 2.2 mg per mL. Heat to 858 for 3 hours, and cool to

room temperature.

Fluoxetine related compound solution—Dissolve an ac-

curately weighed a quantity of USP Fluoxetine Related

Compound C RS in Mobile phase to obtain a solution con-

taining about 0.5 mg per mL.

System suitability solution—Transfer an accurately

weighed quantity of about 13.5 mg of USP Fluoxetine

Hydrochloride RS to a 100-mL volumetric flask, add 2

mL of Degraded fluoxetine solution and 2 mL of Fluoxetine

related compound solution, and dissolve in and dilute with

Mobile phase to volume. Transfer 10.0 mL of this solution

to a 250-mL volumetric flask, dilute with Mobile phase to

volume, and mix.

Detector sensitivity solution—Transfer 1 mL of the Sys-

tem suitability solution to a 100-mL volumetric flask, and

dilute with Mobile phase to volume.

Test solution—Weigh and finely powder not fewer than 20

Capsules. Transfer an accurately weighed portion of the

powder, equivalent to about 100 mg of fluoxetine, to a

250-mL volumetric flask, dissolve in and dilute withMobile

phase to volume, and mix. Filter before injection.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 215-nm detec-

tor and a 4.6-mm 6 15-cm column that contains 3.5-mm

packing L7. The column temperature is maintained at 308.

The flow rate is about 1 mL per minute. Inject the System

suitability solution, and record the peak responses as direc-

ted for Procedure: the relative retention times are about 0.49

for a,a,a-trifluoro-p-cresol, 0.70 for fluoxetine related com-

pound C, and 1.0 for fluoxetine; the resolution, R, between

a,a,a-trifluoro-p-cresol and fluoxetine related compound C

is not less than 2.0, and the resolution, R, between fluoxetine

related compound C and fluoxetine is not less than 6.0.

Chromatograph the Detector sensitivity solution, and record

the peak responses as directed for Procedure: the signal-to-

noise ratio for the fluoxetine peak is not less than 10.

Procedure—Inject a volume (about 50 mL) of the Test

solution into the chromatograph, record the chromatogram

for at least three times the retention time of the fluoxetine

peak, and measure all of the peak responses. Calculate the

percentage of each impurity in the portion of Capsules taken

by the formula:

100(ri / rs ),

in which ri is the peak response for each impurity; and rs is

the sum of the responses of all the peaks: not more than

0.2% of any individual impurity is found, and not more than

0.7% of total impurities is found.
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Assay—

Ion-pair solution—Dissolve about 2.9 mL of glacial ace-

tic acid and about 7.1 g of sodium 1-pentanesulfonate in 1

liter of water. Adjust with 5 N sodium hydroxide to a pH of

5.0.

Mobile phase—Prepare a filtered and degassed mixture of

methanol and Ion-pair solution (67:33). Make adjustments

if necessary (see System Suitability under Chromatography

h621i).

System suitability solution—Dissolve accurately weighed

suitable quantities of USP Fluoxetine Hydrochloride RS and

a,a,a-trifluoro-p-cresol inMobile phase to obtain a solution

containing about 110 mg per mL and 20 mg per mL, respec-

tively.

Standard preparation—Dissolve an accurately weighed

quantity of USP Fluoxetine Hydrochloride RS in Mobile

phase, and dilute quantitatively, and stepwise if necessary,

withMobile phase to obtain a solution having a known con-

centration of about 0.11 mg per mL.

Assay preparation—Remove, as completely as possible,

the contents of not fewer than 20 Capsules, and mix. Trans-

fer an accurately weighed portion of the powder, equivalent

to about 100 mg of fluoxetine, to a 500-mL volumetric flask,

shake by mechanical means for about 10 minutes, and then

sonicate for about 5 minutes. Cool the solution to room tem-

perature, dilute with Mobile phase to volume, and mix.

Transfer 5.0 mL of this solution to a 10.0-mL volumetric

flask. Dilute with Mobile phase to volume, and mix. Filter

the solution before injection.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 227-nm detec-

tor and a 4.6-mm 6 7.5-cm column that contains 3.5-mm

packing L7. The flow rate is about 1 mL per minute. The

column temperature is maintained at 388. Chromatograph

the System suitability solution, and record the peak re-

sponses as directed for Procedure: the relative retention

times are about 0.7 for a,a,a-trifluoro-p-cresol and 1.0 for

fluoxetine; the resolution, R, between a,a,a-trifluoro-p-cre-

sol and fluoxetine is not less than 4.0; the tailing factor for

the fluoxetine peak is not more than 1.7; and the relative

standard deviation for replicate injections is not more than

2.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

quantity, in mg, of fluoxetine (C17H18F3NO) in the portion

of Capsules taken by the formula:

1000(309.33/345.79)C(rU / rS),

in which 309.33 and 345.79 are the molecular weights of

fluoxetine and fluoxetine hydrochloride, respectively; C is

the concentration, in mg per mL, of USP Fluoxetine Hydro-

chloride RS in the Standard preparation; and rU and rS are

the peak responses obtained from the Assay preparation and

the Standard preparation, respectively.
~USP27

BRIEFING

Flutamide, USP 26 page 830 page. The proposed revisions up-
date the Assay procedure and replace the Chromatographic purity
test with a Related compounds test in order to better achieve se-
paration and to quantify specific impurities.

(PA1: C. Anthony) RTS—36044-1

Change to read:
Loss on drying h731i—Dry it in vacuum at 608 for 3 hours; it
loses not more than 1.0%
~

0.5%
~USP27

of its weight.
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Delete the following:
~

Chromatographic purity—
Mobile phase—Proceed as directed in the Assay.
System suitability solution—Dissolve suitable quantities of USP

o-Flutamide RS and USP Flutamide RS inMobile phase to obtain a
solution containing about 0.004 and 2 mg per mL, respectively.
Test solution—Dissolve an accurately weighed quantity of Flu-

tamide in acetonitrile to obtain a solution containing about 2 mg
per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 240-nm detector and a
4.6-mm 6 25-cm column that contains packing L1. The flow rate
is about 0.5mL per minute. Chromatograph the System suitability
solution, and record the peak responses as directed under Proce-
dure: the relative retention times are about 1.4 for o-flutamide
and 1.0 for flutamide, the resolution, R, between flutamide and
o-flutamide is not less than 2.0, and the relative standard deviation
for replicate injections is not more than 6.0% for o-flutamide.
Procedure—Inject a volume (about 20 mL) of the Test solution

into the chromatograph, and run the chromatograph until the o-flu-
tamide peak has eluted. Record the chromatogram, and measure
the peak responses. Calculate the percentage of each impurity in
the portion of Flutamide taken by the formula:

100(ri / rS),

in which ri is the peak response for each impurity, and rS is the sum
of the responses of all of the peaks: not more than 0.5% of total
impurities is found.

~USP27

Add the following:

~

Related compounds—

Mobile phase and System suitability solution—Proceed as

directed in the Assay.

Standard solution—Use the Standard preparation, pre-

pared as directed in the Assay.

Test solution—Use the Assay preparation, prepared as di-

rected in the Assay.

Sensitivity solution—Transfer 1.0 mL of the Standard

solution into a 100-mL volumetric flask, dilute with a mix-

ture of water and acetonitrile (4:1) to volume, and mix. Di-

lute quantitatively, and stepwise if necessary, with a mixture

of water and acetonitrile (4:1) to obtain a solution having a

known concentration of about 0.1 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 240-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing

L1. The column temperature is maintained at 25 + 58.

The flow rate is about 1.0 mL per minute. Chromatograph

the System suitability solution, and record the peak re-

sponses as directed for Procedure: the relative retention

times are about 1.4 for o-flutamide and 1.0 for flutamide;

and the resolution, R, between flutamide and o-flutamide

is not less then 6.0. Chromatograph the Sensitivity solution,

and record the peak area responses as directed for Proce-

dure: the relative standard deviation for replicate injections

is not more than 10.0% for o-flutamide.

Procedure—Inject a volume (about 20 mL) of the Test

solution into the chromatograph, and run the chromatogram

until the o-flutamide peak has eluted. Record the chromato-

gram, and measure the peak responses. Calculate the per-

centage of each impurity in the portion of Flutamide taken

by the formula:

100(Fri / rs),

in which F is the relative response factor of the impurities

according to the table below; ri is the peak area response for

each impurity; and rs is the sum of the responses of all the

peaks: the impurities meet the requirements tabulated be-

low.

Compound

name

Relative

retention

time

Relative

Response

Factor Limit (%)

4-Nitro-3-trifluoro-

methylacetanilide

0.42 1.06 0.2

4-Nitro-3-trifluoro-

methylaniline

0.45 1.10 0.15

3-trifluoromethylani-

line

0.63 1.10 0.2

4-Nitro-3-trifluoro-

methylpropionanilide

0.66 1.02 0.3

3-trifluoromethyliso-

butyranilide

0.80 1.95 0.2

o-Flutamide 1.40 1.78 0.2

Flutamide 1.0 1.0 —

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
406 IN-PROCESS REVISION Vol. 29(2) [Mar.–Apr. 2003]



Compound

name

Relative

retention

time

Relative

Response

Factor Limit (%)

Total impurities — — 0.5

Unknown — 1.0 0.05

Total unknown 0.1

~USP27

Change to read:
Assay—
Mobile phase—Prepare a filtered and degassed mixture of water

and acetonitrile (1:1).
~

(55:45).
~USP27

Make adjustments if necessary (see System Suitability under
Chromatography h621i).

Standard preparation—Dissolve an accurately weighed quantity
of USP Flutamide RS in Mobile phase, and dilute quantitatively,
and stepwise if necessary, with Mobile phase to obtain a solution
having a known concentration of about 0.5 mg per mL.
~

50 mL of acetonitrile, and dilute quantitatively, and step-

wise if necessary, with water to obtain a solution having a

known concentration of about 0.2 mg per mL.
~USP27

System suitability solution—Dissolve suitable quantities of USP
o-Flutamide RS and USP Flutamide RS inMobile phase to obtain a
solution containing about 0.4 and 0.5 mg per mL, respectively.
~

Transfer about 50 mg of USP o-Flutamide RS accurately

weighed to a 50-mL volumetric flask, dissolve in 10 mL of

acetonitrile, dilute with water to volume, and mix. Transfer

1.0 mL of this solution and 5.0 mL of the Standard prepa-

ration into a 100-mL volumetric flask, dilute with a mixture

of water and acetonitrile (4:1) to volume, and mix.
~USP27

Assay preparation—Transfer about 50 mg of Flutamide, pre-
viously dried and accurately weighed, to a 100-mL volumetric
flask. Dissolve in and dilute with Mobile phase to volume, and
mix.
~

Transfer about 50 mg of Flutamide, accurately weighed, to

a 250-mL volumetric flask. Add 50 mL of acetonitrile, and

sonicate until the flutamide dissolves. Add 150 mL of water,

mix, and allow to warm to room temperature. Dilute with

water to volume, and mix.
~USP27

Chromatographic system (see Chromatography h621i)—The
liquid chromatograph is equipped with a 240-nm detector and a
4.6-mm 6 25-cm column that contains packing L1.
~

The column temperature is maintained at 25 + 58.
~USP27

The flow rate is about 0.5

~

1.0
~USP27

mL per minute. Chromatograph the System suitability solution, and
record the peak responses as directed for Procedure: the relative
retention times are about 1.4 for o-flutamide and 1.0 for flutamide;
and the resolution, R, between flutamide and o-flutamide is not less
than 2.0.
~

6.0.
~USP27

Chromatograph the Standard preparation, and record the peak re-
sponses as directed for Procedure:
~

the tailing factor is not more than 2.0; and
~USP27

the relative standard deviation for replicate injections is not more
than 1.0%.
~

1.5%.
~USP27

Procedure—Separately inject equal volumes (about 20 mL) of
the Standard preparation and the Assay preparation into the chro-
matograph, record the chromatograms, and measure the responses
for the major peaks. Calculate the quantity, in mg, of C11H11F3N2O3

in the portion of Flutamide taken by the formula:

100C(rU / rS),

~

250C(rU / rs),~USP27

in which C is the concentration, in mg per mL, of USP Flutamide
RS in the Standard preparation, and rU and rS are the peak re-
sponses obtained from the Assay preparation and the Standard
preparation, respectively.

BRIEFING

Flutamide Capsules, USP 26 page 830 page. It is proposed to
no longer use a specific procedure for content uniformity in the test
for Uniformity of dosage units but to permit the usage of the proce-
dure as described in the general test chapter Uniformity of Dosage
Units h905i. It is also proposed to replace the HPLC Assay proce-
dure for a method that is capable of quantifying impurities and one
that avoids the use of testosterone; a Chromatographic purity test
is added that quantifies these impurities. The liquid chromato-
graphic procedures in the Assay and in the Chromatgraphic purity
test are based on analyses performed with the Sperisorb 5 ODS(2)
brand of L1 column. The typical retention time for flutamide is
about 21 minutes.

(PA1: C. Anthony) RTS—36044-2

Change to read:
Uniformity of dosage units h905i: meet the requirements., the fol-
lowing procedure for content uniformity being used.
Procedure for content uniformity—Empty the contents of 1 Cap-

sule into a 50-mL centrifuge tube, place the empty capsule shell
into the tube, and mix. Add 40.0 mL of a mixture of methanol
and water (95:5), agitate for 30 minutes, and clarify by centri-
fuging. Transfer 1.0 mL of the supernatant liquid to a 100-mL
volumetric flask, and dilute with a mixture of methanol and water
(95:5) to volume to obtain a solution containing about 0.03 mg of
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flutamide per mL. Concomitantly determine the absorbances of
this solution and a solution of USP Flutamide RS in the same sol-
vent having a known concentration of about 0.03 mg per mL, in 1-
cm cells at the wavelength of maximum absorbance at 299 nm,
using a mixture of methanol and water (95:5) as the blank. Calcu-
late the quantity, in mg, of C11H11F3N2O3 in the Capsule taken by
the formula:

(TC /D)(AU /AS),

in which T is the labeled quantity, in mg, of flutamide in the Cap-
sule; C is the concentration, in mg per mL, of USP Flutamide RS in
the Standard solution; D is the concentration, in mg per mL, of flu-
tamide in the solution from the Capsule, based on the labeled quan-
tity per Capsule and the extent of dilution; and AU and AS are the
absorbances of the solution from the Capsule and the Standard
solution, respectively.

~

~USP27

Add the following:

~

Chromatographic purity—

Mobile phase—Proceed as directed in the Assay.

Standard solution—Prepare as directed in the Assay.

Test solution—Use the Assay preparation.

Sensitivity solution—Transfer an accurately measured

volume of the Standard preparation into a volumetric flask,

and dilute quantitatively, and stepwise if necessary, with a

mixture of water and acetonitrile (4:1) to obtain a solution

having a known concentration of about 0.2 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 240-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing

L1. The column temperature is maintained at 25 + 58.

The flow rate is about 1 mL per minute. Chromatograph

the Sensitivity solution, and record the peak responses as di-

rected for Procedure: the relative standard deviation for rep-

licate injections is not more than 10%.

Procedure—Inject a volume (about 20 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure the peak area responses. Calculate the percen-

tage of each impurity in the portion of Capsules taken by the

formula:

100(ri / rs),

in which ri is the peak area response for each impurity; and

rs is the sum of the responses of all the peaks: not more than

0.2% for any impurity having a relative retention time of

about 0.45 is found; not more than 0.1% of any other impu-

rity is found; and not more than 0.3% of total impurities is

found.
~USP27

Change to read:
Assay—

~

Diluent—Prepare a mixture of acetronitrile and water

(1:1).
~USP27

Mobile phase—Prepare a filtered and degassed mixture of
methanol and 0.05 M monobasic potassium phosphate (7:4).
~

Prepare a filtered and degassed mixture of water and ace-

tonitrile (55:45).
~USP27

Make adjustments if necessary (see System Suitability under
Chromatography h621i).
Standard preparation—Dissolve an accurately weighed quantity

of USP Flutamide RS in methanol, and dilute quantitatively, and
stepwise if necessary, with methanol to obtain a solution having
a known concentration of about 0.18 mg per mL.
~

Diluent, and dilute quantitatively, and stepwise if neces-

sary, with Diluent to obtain a solution having a known con-

centration of about 0.5 mg per mL. Transfer 20.0 mL of this

solution into a 50-mL volumetric flask, and dilute with

water to volume.
~USP27

System suitability solution—Dissolve suitable quantities of tes-
tosterone and USP Flutamide RS in methanol to obtain a solution
containing about 0.09 and 0.18 mg per mL, respectively.

~

~USP27

Assay preparation—Remove the contents of not fewer than 20
Capsules, and grind the contents to a fine powder. Transfer an ac-
curately weighed portion of powder, equivalent to about 60 mg of
flutamide, to a 50-mL screw-capped centrifuge tube. Add 20 mL of
a mixture of methanol and water (95:5), agitate for 30 minutes, and
clarify by centrifuging. Transfer 3.0 mL of the supernatant liquid to
a 50-mL volumetric flask, dilute with methanol to volume, and
mix.
~

mix. Transfer an accurately weighed portion of the pow-

der, equivalent to 125 mg of flutamide, into a 250-mL volu-

metric flask. Add 180 mL of Diluent. Shake the flask for 15

minutes. Dilute with Diluent to volume, and mix. Allow the

insoluble material to settle. Transfer 20.0 mL of supernatant

into 50-mL volumetric flask, dilute with water to volume,

mix, and pass through a polytef membrane filter having a

0.45-mm or finer porosity.
~USP27
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Chromatographic system (see Chromatography h621i)—The
liquid chromatograph is equipped with a 254-nm detector and a
3.9-mm 6 30-cm
~

240-nm detector and a 4.6-mm 6 25-cm
~USP27

column that contains packing L1.
~

The column temperature is maintained at 25 + 58.
~USP27

The flow rate is about 1.0 mL per minute. Chromatograph the Sys-
tem suitability solution, and record the peak responses as directed
under Procedure: the relative retention times are about 1.2 for tes-
tosterone and 1.0 for flutamide, and the resolution, R, between flu-
tamide and testosterone is not less than 2.0. Chromatograph the
Standard preparation, and record the peak responses as directed
under Procedure: the relative standard deviation for replicate injec-
tions is not more than 2.0%.
~

Standard preparation, and record the peak area as directed

for Procedure: the tailing factor is not more than 2.0; and the

relative standard deviation for replicate injections is not

more than 1.5%.
~USP27

Procedure—Separately inject equal volumes (about 10 mL)
~

(about 20 mL)
~USP27

of the Standard preparation and the Assay preparation into the
chromatograph, record the chromatograms, and measure the re-
sponses for the major peaks.
~

peak area for the flutamide peak.
~USP27

Calculate the quantity, in mg, of C11H11F3N2O3 in the portion of
Capsules taken by the formula:

333.3C(rU / rS),

~

625C(rU / rS),~USP27

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

BRIEFING

Folic Acid, USP 26 page 831.

(DSN: L. Evans) RTS—39489-1

Erratum:

Assay, line 6 under Procedure: Change ‘‘in mg,’’ to: in mg per
mL,

BRIEFING

Folic Acid Tablets, USP 26 page 832. Changes in the concen-
tration of the System suitability solution and in the Standard prep-
aration and Assay preparation are proposed to better reflect the
original submission regarding the amount of folic acid to be chro-
matographed.

(DSN: G. Giancaspro) RTS—35316-1

Change to read:
Assay—
Mobile phase—Transfer 35.1 g of sodium perchlorate and 1.40 g

of monobasic potassium phosphate, accurately weighed, to a 1-liter
volumetric flask, add 7.0 mL of 1 N potassium hydroxide and 40
mL of methanol, dilute with water to volume, and mix. Adjust with
1 N potassium hydroxide or phosphoric acid to a pH of 7.2. Make
adjustments if necessary (see System Suitability under Chromatog-
raphy h621i).
System suitability solution—Prepare a solution containing about

1
~

0.2
~USP27

mg per mL each of USP Folic Acid RS and USP Folic Acid Re-
lated Compound A RS in an aqueous solvent containing 2 mL of
ammonium hydroxide and 1 g of sodium perchlorate per 100 mL.
Before use, pass through a filter having a 1-mm or finer porosity.
Standard preparation—Accurately weigh about 30 mg of USP

Folic Acid RS, corrected for water content, and dissolve in an
aqueous solvent containing 2 mL of ammonium hydroxide and 1
g of sodium perchlorate per 100 mL. Using the same solvent, ad-
just the volume quantitatively to obtain a solution having a known
concentration of between
~

about
~USP27

0.20 and 0.80

~

~USP27

mg per mL.
Assay preparation—Weigh and finely powder not fewer than 20

Tablets. Transfer a portion of the powder, accurately weighed and
equivalent to about 10 mg of folic acid, to a 50-mL volumetric
flask with the aid of an aqueous solvent containing 2 mL of ammo-
nium hydroxide and 1 g of sodium perchlorate per 100 mL. Shake
gently until the folic acid has dissolved, dilute with the same sol-
vent to volume, mix, and pass through a dry filter, discarding the
first portion of the filtrate. Dilute a portion of the clear filtrate,
quantitatively and stepwise, with the same solvent to obtain a solu-
tion having a concentration close to that of the Standard prepara-
tion and between 0.20 and 0.80 mg per mL.

~

~USP27

Chromatographic system (see Chromatography h621i)—The
liquid chromatograph is equipped with a 254-nm detector and a
4.6-mm 6 25-cm column that contains packing L1. The flow rate
is about 1 mL per minute. Chromatograph the System suitability
solution and the Standard preparation, and record the peak re-
sponses as directed for Procedure: the resolution, R, between folic
acid related compound A (calcium formyltetrahydrofolate) and fo-
lic acid is not less than 3.6; and the relative standard deviation for
replicate injections is not more than 2.0%.
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Procedure—Separately inject equal volumes (about 25 mL) of
the Standard preparation and the Assay preparation into the chro-
matograph, record the chromatograms, and measure the responses
for the major peaks. Calculate the quantity, in mg, of folic acid
(C19H19N7O6) in the portion of Tablets taken by the formula:

(CV)(rU / rS),

in which C is the concentration, in mg per mL, of USP Folic Acid
RS in the Standard preparation; V is the volume, in mL, of the
Assay preparation; and rU and rS are the peak responses obtained
from the Assay preparation and the Standard preparation, respec-
tively.

BRIEFING

Gadoversetamide, page 926 of PF 28(3) [May–June 2002]
This new monograph, which previously appeared in Pharmaco-
peial Previews, is now forwarded to In-Process with revisions pro-
posed by the innovator firm. Changes are proposed in the tests for
Limit of free gadolinium (III) and total chelatable material and
Limit of residual solvents. Other minor editorial changes are also
included.

(RMI: F. Barletta) RTS—33708-1

Add the following:

~Gadoversetamide

C20H34GdN5O10 661.76

(Gadoversetamide) Gadolinium, [8,11-bis(carboxymethyl)-

14-[2-[(2-methoxyethyl)amino]-2-oxoethyl]-6-oxo-2-

oxa-5,8,11,14-tetraazahexadecan-16-oato(3-)], gadoli-

nium.

[N,N-Bis[2-[(carboxymethyl)[[2-methoxyethyl)carba-

moyl]methyl]amino]ethyl]glycinato(3-)]gadolinium

[131069-91-5].

» Gadoversetamide contains not less than 97.0

percent and not more than 102.0 percent of

C20H34GdN5O10, calculated on an anhydrous ba-

sis.

Packaging and storage—Preserve in tight, light-resistant

containers.

USP Reference standards h11i—USP Endotoxin RS. USP

Gadoversetamide RS. USP Gadoversetamide Related Com-

pound A RS. USP Gadoversetamide Gadodiamide Related

Compound B RS.

Identification—

A: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that of the

Standard preparation, as obtained in the Assay.

B: The lanthanide selectivity test detects gadolinium

(III) in 0.1 N nitric acid with arsenazo (III). Prepare 1.5

6 10–4 M arsenazo (III) acid by dissolving 30 mg of arsena-

zo (III) and 160 mg of urea in 100 mL water, adding 1.6 mL

of nitric acid, and diluting with water to 250 mL. Add 10 mg

of Gadoversetamide to 1.0 mL of the 1.56 10–4 M arsenazo

(III) solution, and mix. The color changes from a wine red to

green-blue, indicating the presence of gadolinium.

Bacterial endotoxins h85i: not more than 15 USP Endotox-

in Units per g of gadoversetamide.

Water,Method Ia h 921i: not more than 10.0% (w/w), a sol-

vent mixture of methanol and formamide (9:1) being used.

Limits of free gadolinium (III) and total chelatable ma-

terial—

MES buffer—Transfer 97.6 g of 2-morpholinoethanesul-

fonic acid (MES) to a 1000-mL volumetric flask, dilute with

water to volume, about 950 mL, and mix. Adjust with 20%

sodium hydroxide to a pH of 6, dilute with water to volume,

and mix.
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Edetate titrant: Pipet 100 mL of 0.02 M edetate disodium

VS into a 1000-mL volumetric flask, dilute with water to

volume, and mix. 0.002 M edetate disodium VS.

0.003 M Gadolinium (III) titrant—Transfer 0.790 g of ga-

dolinium chloride to a 1000-mL volumetric flask, dilute

with 0.1 N hydrochloric acid water to volume, and mix.

Test solution—Transfer about 5 g of Gadoversetamide, ac-

curately weighed, into a 250-mL flask, and add 20 mL of

water and 2 mL of hydrochloric acid. Stir, and heat to boil-

ing. Rinse the sides of the flask with water. Add 50 mL of

MES buffer and 100 to 150 mL of xylenol orange TS to im-

part a light yellow color. Heat to boiling, adjust with ammo-

nium hydroxide to a pH of 6.0, and continue boiling for 2

minutes. If the solution is yellow, proceed as directed under

Uncomplexed chelatable material. If the color is red-violet,

proceed as directed under Free gadolinium (III).

Blank solution—Combine 20 mL of water and 2 mL of

hydrochloric acid in a 250-mL flask. Heat to boiling with

stirring. Rinse the sides of the flask with water, and add

50 mL of MES buffer and 100 to 150 mL of xylenol orange

TS to impart a slight yellow color to the blank solution. Re-

heat to boiling, and adjust with ammonium hydroxide to a

pH of 6.0. Continue boiling for 2 minutes, and note the col-

or. If the solution is yellow, proceed as directed below for

Uncomplexed chelatable material. If the color is red-violet,

proceed as directed below for Free gadolinium (III).

Uncomplexed chelatable material—Continue boiling,

and titrate with 0.003 M Gadolinium (III) titrant to a red-

violet endpoint that undergoes no further color change upon

addition of more titrant. Record the volume of titrant used to

reach the endpoint.

Free gadolinium (III)—Continue boiling and titrate with

Edetate titrant to an orange-red a yellow or yellow-orange

endpoint that undergoes no further color change upon addi-

tion of more titrant. Record the volume of titrant used to

reach the endpoint.

Calculations—If the Test solution and the Blank solution

were both was titrated with Edetate titrant, calculate the per-

centage of Free gadolinium (III) in the portion of Gado-

versetamide taken by the formula:

(66.16/W)(VEU – VEB)(ME),

(66.18/W)(VEU )(ME),

in which W is the weight, in g, of Gadoversetamide taken;

VEU and VEB are the volumes, is the volume, in mL, of Ede-

tate titrant used to titrate the Test solution; and the Blank

solution, respectively; and ME is the molarity of the Edetate

titrant. If the sample and blank were both was titrated with

0.003 M Gadolinium (III) titrant, calculate the percentage of

Uncomplexed chelatable material in the portion of Gado-

versetamide taken by the formula:

(66.16/W)(VGU – VGB)(MG),

(66.18/W)(VGU ) – (MG),

in which W is as defined herein; VGU and VGB are the volum-

esis the volume, in mL, of 0.003 M Gadolinium (III) titrant

used to titrate the Test solution: and the Blank solution, re-

spectively; and MG is the molarity of the 0.003 M Gadoli-

nium (III) titrant. If the Test solution was titrated with

Edetate titrant and the Blank solution titrated with 0.003

M Gadolinium (III) titrant, calculate the percentage of free

gadolinium (III) in the portion of Gadoversetamide taken by

the formula:

(66.16/W)[(VEUME) – (VGBMG)],
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in whichW, VEU,ME, VGB andMG are as defined herein. If the

Test solution was titrated with 0.003 M Gadolinium (III) ti-

trant and the Blank solution was titrated with Edetate ti-

trant, calculate the percentage of free gadolinium (III) in

the portion of Gadoversetamide taken by the formula:

(66.16/W)[(VGUMG) – (VEBME)],

in whichW, VGU,MG, VEB, andME are as defined herein. Not more

than 0.05% of free gadolinium III and not more than 0.1% of

uncomplexed chelatable material, both calculated on the

anydrous basis, are found.

Limit of 2-methoxyethylamine—

Mobile phase—Transfer 2 mL of 5 M phosphoric acid to a

1000-mL volumetric flask. Add 550 mL of water, mix, and

adjust with 10% (w/w) ammonium hydroxide to a pH of 5.0.

Add 450 mL of acetonitrile, mix, filter, and degas.

0.4 M Borate buffer—Place 12.4 g of boric acid into a

1000-mL volumetric flask, add 300 mL of water, and swirl

to suspend. Add 100 mL of 1 N potassium hydroxide, and

mix. Adjust with about 60 mL of 1 N potassium hydroxide

to a pH of 10.0, dilute with water to 500 mL, and mix. Test

the pH, and adjust if necessary.

o-Phthalaldehyde reagent—Dissolve 25 mg of o-phtha-

laldehyde in 0.75 mL of methanol, add 25 mL of 0.4 M Bo-

rate buffer having a pH of 10.0 and 25 mL of 2-mercapto-

ethanol, and mix.

Standard solutions—Prepare aqueous solutions of 2-

methoxyethylamine having known concentrations of about

1, 20, and 50 mg per mL, respectively. Derivatize by adding

an equal volume of o-Phthalaldehyde reagent to each solu-

tion immediately before injection.

Test solution—Transfer about 250 mg of Gadoverseta-

mide, accurately weighed, to a 5-mL volumetric flask, and

dissolve in and dilute with water to volume. Derivatize the

solution by adding 5 mL of o-Phthalaldehyde reagent. com-

bining equal volumes of o-Phthalaldehyde reagent and Test

solution immediately before injection.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 335-nm detec-

tor and a 250-mm 6 4.6-mm column that contains 5-mm

packing L1. The flow rate is about 1 mL per minute. Chro-

matograph the Standard solutions, and record the chromato-

grams as directed for Procedure: the relative retention times

of o-phthalaldehyde and 2-methoxyethylamine are about

0.6 and 1.0, respectively. Plot the concentration of 2-meth-

oxyethylamine in each Standard solution versus its peak

area, and perform a regression analysis to obtain a slope

and an intercept. The correlation coefficient, r, is not less

than 0.995, and the relative standard deviation for replicate

injections of the 50 mg per mL Standard solution is not more

than 5%.

Procedure—Separately inject equal volumes (about 50

mL) of the Test solution and the Standard solutions into

the chromatograph, record the chromatograms, and measure

the peak responses. Determine the concentration, in mg per

mL, of 2-methoxyethylamine in the Test solution from the

standard response line. Calculate the percentage of 2-meth-

oxyethylamine by the formula:

0.5C/W,

in which C is the concentration, in mg per mL, of 2-methox-

yethylamine obtained from the Standard response line; and

W is the weight, in mg, of Gadoversetamide taken. Not more

than 0.10% (w/w) of 2-methoxyethylamine is present, cal-

culated on the anhydrous basis.

Limit of residual solvents—

Internal standard solution—Use butyl alcohol. Dilute bu-

tyl alcohol with water (3:5000).
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Standard solutions—Pipet 25, 100, 250, and 500 mL of

isopropyl alcohol, each into a separate 5-mL volumetric

flask. Add 1.0 mL of Internal standard solution to each of

the four flasks, dilute with water to volume, and mix. The

resulting four Standard solutions contain about 5, 20, 50,

and 100 mg of isopropyl alcohol per mL. Pipet 25, 100,

250, and 500 mL of acetonitrile, each into a separate 5-mL

volumetric flask. Add 1.0 mL of Internal standard solution

to each of the four flasks, To four separate 5-mL volumetric

flasks, transfer the following designated compositions:

Flask

Isopropyl

alcohol

Acetonitrile Internal

standard

1 25 mg 25 mg 1.0 mL

2 100 mg 100 mg 1.0 mL

3 250 mg 250 mg 1.0 mL

4 500 mg 500 mg 1.0 mL

Dilute each flask with water to volume, and mix. The result-

ing Standard solutions contain about 5, 20, 50, and 100 mg

of isopropyl alcohol and acetonitrile per mL.

Test solution—Transfer about 500 mg of Gadoverseta-

mide, accurately weighed, to a 5-mL volumetric flask.

Add 1.0 mL 1.0 mL of Internal standard solution, dissolve

in and dilute with water to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector and a 0.53-mm 6 20-m 30-m capillary column

with a 1.0-mm thickness of phase G35. Helium is used as

the carrier gas at a flow rate of about 5 mL per minute.

The column temperature is maintained at 358 for five min-

utes, then is increased at a rate of 158 per minute to 1108.

The injection port temperature is maintained at 1508, and

the detector temperature is maintained at 3008. Chromato-

graph the Standard solutions, and record the peak responses

as directed for Procedure: the relative retention times are

about 0.55 0.5 for isopropyl alcohol, 0.77 0.7 for acetoni-

trile, and 1.0 for butyl alcohol. Plot the concentration for

each standard versus its peak area, and perform a regression

analysis. The correlation coefficient, r, is not less than 0.995

for each analyte; and the relative standard deviation for rep-

licate injections of the 100 mg per mL Standard solution is

not more than 5%.

Procedure—Separately inject equal volumes (about 2 mL)

of the Test solution and the Standard solutions into the chro-

matograph, record the chromatograms, and measure the

peak responses. Determine the concentration of isopropyl

alcohol and acetonitrile from the respective standard re-

sponse lines. Calculate the percentage (w/w) of each solvent

in the portion of Gadoversetamide taken by the formula:

0.5C/W,

in which C is the concentration, in mg per mL, (obtained

from the respective standard response line) of isopropyl al-

cohol and acetonitrile in the Test solution; and W is the

weight, in mg, of the portion of Gadoversetamide taken:

not more than 0.1% (w/w) of isopropyl alcohol is found;

and not more than 0.025% (w/w) of acetonitrile is found.

The total residual solvent content (sum of the %w/w isopro-

pyl alcohol and of %w/w acetonitrile) does not exceed 0.1%

w/w.

Related compounds—

Solution A—Transfer about 2.06 g of monobasic potas-

sium phosphate and 18.6 mL of 20% w/w tetraethylammo-

nium hydroxide in a 1000-mL volumetric flask, and dilute

with water to 950 mL. Adjust with phosphoric acid to a pH

of 7, dilute with water to volume, mix, filter, and degas.

Solution B: acetonitrile.

Mobile phase—Transfer about 2.06 g of monobasic po-

tasium phosphate, 18.6 mL of 20% tetraethylammonium hy-

droxide, and 1.5 mL of acetonitrile to a 1000-mL volumetric
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flask, dilute with water to volume, and mix. Adjust with

phosphoric acid to a pH of 7, filter, and degas. Use a mixture

of Solution A and Solution B as directed for Chromato-

graphic system. Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Stock standard solution—Transfer about 50 mg each of

USP Gadoversetamide Related Compound A RS and USP

Gadoversetamide Gadodiamide Related Compound B RS,

accurately weighed, to a 50-mL volumetric flask, dissolve

in and dilute with water to volume, and mix. [NOTE—The

solution may be stored for a week.]

Standard solutions—Prepare aqueous solutions of diluted

Stock standard solution containing about 25, 150, and 250

mg of each Reference Standard per mL.

Test solution—Transfer about 250 mg of Gadoverseta-

mide, accurately weighed, to a 10-mL volumetric flask, dis-

solve in and dilute with water to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 205-nm detec-

tor and a metal-free 4.6-6 150-mm column that contains 5-

mm packing L1. The flow rate is 1 mL per minute. The chro-

matograph is programmed to pump a mixture of Solution A

to Solution B having a ratio of 99.85:0.15, respectively. Pro-

ceed as directed in the Assay, except that the column is

maintained at about 258. The relative retention times are

about 0.8 for gadoversetamide gadodiamide related com-

pound B and 1.0 for gadoversetamide related compound

A; the resolution, R, between gadoversetamide gadodiamide

related compound B and gadoversetamide related com-

pound A is not less than 1.0; and the relative standard devia-

tion for replicate injections is not more than 5% for the 250

mg per mL Standard solution.

Procedure—Separately inject equal volumes (about 50

mL) of the Test solution and the Standard solutions into

the chromatograph. Allow 1 hour between injections to re-

move slow-eluting impurities. Determine the quantities, in

mg mg per mL, of gadoversetamide related compound A

and gadoversetamide gadodiamide related compound B

from the respective Standard response lines. Calculate the

percentage of gadoversetamide related compound A in the

portion of Gadoversetamide taken by the formula:

100C/V,

in which C is the concentration of gadoversetamide related

compound A, in mg per mL, obtained from the Standard re-

sponse line; and V is the concentration of gadoversetamide,

in mg per mL, in the Test solution. Not more than 1.0% (w/

w) of gadoversetamide related compound A is found, calcu-

lated on the anhydrous basis. Calculate the percentage of ga-

doversetamide gadodiamide related compound B in the

portion of Gadoversetamide taken by the following formula:

92.2C/V,

in which C is the concentration of gadoversetamide gado-

diamide related compound B, in mg per mL, obtained from

the Standard response line; and V is as described herein. Not

more than 0.5% (w/w) of gadoversetamide gadodiamide re-

lated compound B is found, calculated on the anhydrous ba-

sis.

Assay—

Mobile phase—Transfer 15 mL of acetonitrile and 1.5 g of

boric acid to a 1000-mL volumetric flask, dissolve in and

dilute with water to volume, about 950 mL, and mix. Adjust

with ammonium hydroxide to a pH of 6.8, add 15 mL of

acetonitrile, dilute with water to volume, filter, and degas.

Standard preparations—Prepare solutions of USP Gado-

versetamide RS in Mobile phase having known concentra-

tions of about 1.2, 1.0, and 0.8 mg per mL.
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Assay preparation—Transfer about 100 mg of Gado-

versetamide, accurately weighed, to a 100-mL volumetric

flask, dissolve in and dilute with Mobile phase to volume,

and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 205-nm detec-

tor and a metal-free 4.6-mm 6 250-mm column that con-

tains 5-mm packing L1. The column temperature is

maintained at about 508. The flow rate is about 1 mL per

minute. Chromatograph the Standard preparations, and re-

cord the peak responses as directed for Procedure. Plot the

concentration of each Standard versus its peak area and per-

form a regression analysis to obtain a slope and intercept for

the Standard response line. The correlation coefficient, r, is

not less than 0.995; and the relative standard deviation for

replicate injections of the 1.0 mg per mL Standard prepara-

tion is not more than 2%.

Procedure—Separately inject equal volumes (about 10

mL) of the Assay preparation and Standard preparations

into the chromatograph, record the chromatograms, and

measure the area of the gadoversetamide peak. Determine

the quantity, in mg per mL, of gadoversetamide from the

Standard response line. Calculate the quantity, in % (w/

w), of C20H34GdN5O10 in the portion of Gadoversetamide

taken by the formula:

10,000C/W,

in which C is the concentration, in mg per mL, obtained

from the Standard response line, and W is the weight, in

mg, of the portion of Gadoversetamide taken to prepare

the Assay preparation.
~USP27

BRIEFING

Gadoversetamide Injection, page 931 of PF 28(3) [May–June
2001]. This new monograph, which previously appeared in Phar-
macopeial Previews, is now forwarded to In-Process Revision.

(RMI: F. Barletta) RTS—36525-2

Add the following:

~Gadoversetamide Injection

» Gadoversetamide Injection is a sterile solution

of Gadoversetamide in Water for Injection. It con-

tains not less than 95.0 percent and not more than

105.0 percent of the labeled amount of gadoverse-

tamide (C20H34GdN5O10). It may contain buffers

and stabilizers. It contains no antimicrobial

agents.

Packaging and storage—Preserve in single-dose Type I

glass containers or plastic syringes. Store at controlled room

temperature.

USP Reference standards h11i—USP Endotoxin RS. USP

Gadoversetamide RS. USP Gadoversetamide Related Com-

pound A RS.

Bacterial endotoxins h85i: not more than 5 USP Endotoxin

Units per mL of gadoversetamide.

pH h791i: between 5.5 and 7.5.

Particulate matter h788i: meets the requirements for

small-volume injections.

Relaxivity h761i—

Standard solutions—Dissolve an accurately weighed

quantity of manganese (II) chloride tetrahydrate in water,

and dilute quantitatively with water to obtain solutions hav-

ing known concentrations of 0.9 mM, 2.7 mM, and 4.5 mM.
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Stock test solution—Transfer 5.0 mL of the Injection to a

50-mL volumetric flask, dilute with water to volume, and

mix.

Test solutions—Transfer 1.0, 2.0, 4.0, and 6.0 mL of

Stock test solution to individual 100-mL volumetric flasks,

dilute each with water to volume, and mix. These solutions

have concentrations of 0.504 mM, 1.008 mM, 2.016 mM,

and 3.024 mM, respectively, based on the label claim.

Apparatus—Use a mini-NMR spectrometer with suitable

sensitivity (see Apparatus under Nuclear Magnetic Reso-

nance h761i).

System suitability—Place a portion of each of the Stan-

dard solutions into a separate 10-mm specimen tube. Warm

to 408 for not less than 10 minutes, and measure the reso-

nance frequency (T1), at 20 MHz. The average T1 for rep-

licate measurements must be within 5% of 156 ms for the

0.9 mM Standard solution, 52 ms for the 2.7 mM Standard

solution, and 32 ms for the 4.5 mM Standard solution.

Procedure—Place an accurately measured portion of each

Test solution into a 10-mm specimen tube. Warm to 408 for

not less than 10 minutes, and measure the resonance fre-

quency (T1) of each Test solution. Plot 1/T1, versus the mo-

larities of the Test solutions, and perform a regression

analysis. The slope of the plotted line is the relaxivity.

The relaxivity is between 4.0 and 5.0 sec–1 mM–1.

Related compounds—

Solution A—Proceed as directed for Mobile phase in the

test for Related compounds under Gadoversetamide.

Solution B—Prepare a filtered and degassed mixture of

Solution A and acetonitrile (475:25).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard solutions—Prepare aqueous solutions of USP

Gadoversetamide Related Compound A RS having known

concentrations of about 30 mg per mL, 150 mg per mL, and

360 mg per mL.

Test solution—Transfer 5.0 mL of the Injection to a 50-

mL volumetric flask, dilute with water to volume, and mix.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the test for Related compounds under

Gadoversetamide. The chromatograph is programmed as

follows:

Time

(minutes)

Solution A

%

Solution B

% Elution

0–15 97 3 equilibration

15–16 97?0 3?100 linear gradient

16–26 0 100 isocratic

26–27 0?97 100?3 linear gradient

27–45 97 3 re-equilibration

Plot the concentration, in mg per mL, of each Standard

solution versus its peak area, and perform a regression ana-

lysis to obtain a slope and intercept for the Standard re-

sponse line. The relative standard deviation for replicate

injections of the 360 mg per mL Standard solution is not

more than 5%; and the correlation coefficient, r, of the re-

gression analysis is not less than 0.995.

Procedure—Separately inject equal volumes (about 50

mL) of the Test Solution, the Standard solutions, and water

(blank) into the chromatograph, record the chromatograms,

and measure the peak responses. Allow about 1 hour be-

tween injections to remove slow-eluting impurities from

the column. Calculate the percentage of gadoversetamide

related compound A relative to the amount of gadoverseta-

mide (C20H34GdN5O10) in the portion of Injection taken,

based on the label claim, by the formula:
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0.003C,

in which C is the concentration of gadoversetamide related

compound A in the Test solution, in mg per mL, obtained

from the Standard response line: not more than 1.0% (w/

w) of gadoversetamide related compound A is found.

Other requirements—It meets the requirements of the

Identification tests under Gadoversetamide. It also meets

the requirements under Injections h1i.

Assay—

Mobile phase, Standard preparations, and Chromato-

graphic system—Proceed as directed in the Assay under Ga-

doversetamide.

Assay preparation—Transfer about 3.0 mL of the Injec-

tion, accurately measured, to a 1000-mL volumetric flask,

dilute with Mobile phase to volume, and mix.

Procedure—Proceed as directed in the Assay under Gado-

versetamide. Calculate the quantity, in mg per mL, of gado-

versetamide (C20H34GdN5O10) in the volume of Injection

taken by the formula:

1000C/V,

in which C is the concentration, in mg per mL, of gado-

versetamide in the Assay preparation, obtained from the

Standard response line; and V is the volume, in mL, of In-

jection taken.
~USP27

BRIEFING

Glipizide,USP 26 page 858. It is proposed to replace the test for
Ordinary impurities with a more sensitive and selective test for Re-
lated compounds, in response to comments received that the HPLC
method in the test for Related compounds previously published on
page 1786 of PF 27(1) [Jan.–Feb. 2001] did not have sufficient
specificity. The new proposed liquid chromatographic method is
based on analyses performed with the 5-mm YMC-Pack ODS-A
brand of L1 column. The typical retention times are about 5.2 min-
utes for glipizide related compound A and 45 minutes for glipizide.

The typical retention time for another known impurity, methyl-N-
4-[2-(5-methylpyrazine-2-carboxamido)ethyl] benzenesulfonyl
carbamate, is about 7.8 minutes. It is also proposed to add the stor-
age conditions to Packaging and storage.

(PA4: E. Gonikberg) RTS—35903-1; 36932-1

Change to read:
Packaging and storage—Preserve in tight containers, protected
from light.
~

Store at room temperature.
~USP27

Change to read:
USP Reference standards h11i—USP Glipizide RS.
~

USP Glipizide Related Compound A RS.
~USP27

Add the following:

~

Related compounds—[NOTE—Use low-actinic glassware

in this procedure.]

Buffer solution—Add 4.0 mL of n-butylamine to 1000

mL of water. Adjust with phosphoric acid to a pH of 3.00

+ 0.05.

Diluent—Prepare a mixture of water, acetonitrile, and

methanol (3:1:1).

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution, acetonitrile, and methanol (3:1:1). Make ad-

justments if necessary (see System Suitability under

Chromatography h621i).

Standard stock solution —Prepare a solution of USP Gli-

pizide RS in methanol containing about 0.1 mg per mL.

Standard solution—Prepare a solution of USP Glipizide

Related Compound A RS in methanol containing about 0.1

mg per mL. Pipet 2.0 mL of this solution into a 100-mL

volumetric flask, add 2.0 mL of the Standard stock solution,

dilute with Diluent to volume, and mix. This solution con-

tains about 2 mg of USP Glipizide RS and about 2 mg of USP

Glipizide Related Compound A RS per mL.
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Test solution—Transfer about 25 mg of Glipizide, ac-

curately weighed, to a 25-mL volumetric flask, dissolve in

and dilute with methanol to volume, and mix. Pipet 4.0 mL

of this solution into a 10-mL volumetric flask, dilute with

Diluent to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 280-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing

L1. The column temperature is maintained at 308. The flow

rate is about 1 mL per minute. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the retention time of the glipizide peak is about

45 minutes; the relative retention times for glipizide related

compound A and glipizide are about 0.12 and 1.0, respec-

tively; the relative retention time of another known impurity,

methyl-N-4-[2-(5-methylpyrazine-2-carboxamido)ethyl]

benzenesulfonyl carbamate, is about 0.18; and the relative

standard deviation for replicate injections is not more than

5.0% for each peak.

Procedure—Separately inject equal volumes (about 35

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of glipizide related

compound A in the portion of Glipizide taken by the for-

mula:

6.25(CA /W)(rA / rSA),

in which CA is the concentration, in mg per mL, of USP Gli-

pizide Related Compound A RS in the Standard solution; W

is the amount of Glipizide, in mg, taken to prepare the Test

solution; and rA and rSA are the peak responses for glipizide

related compound A obtained from the Test solution and the

Standard solution, respectively. Calculate the percentage of

any other individual impurity in the portion of Glipizide ta-

ken by the formula:

6.25(CG /W)(ri / rSG),

in which CG is the concentration, in mg per mL, of USP Gli-

pizide RS in the Standard solution; ri is the peak response

for each individual impurity obtained from the Test solution;

rSG is the glipizide peak response obtained from the Stan-

dard solution; andW is defined above. Disregard any impu-

rity peak that is less than 0.05%. Not more than 0.5% of any

individual impurity is found; and not more than 1.5% of to-

tal impurities is found.
~USP27

Delete the following:
~

Ordinary impurities h466i—
Test solution: a mixture of methanol and methylene chloride

(1:1).
Standard solutions: 0.02 mg per mL and 0.05 mg per mL solu-

tions of USP Glipizide RS in methanol and methylene chloride
(1:1).
Eluant: a mixture of toluene, ethyl acetate, and 98% formic acid

(5:3:2).
Visualization: 1.
Limits—Not more than three individual ordinary impurities are

observed in the chromatogram of the Test solution, and no indivi-
dual impurity exceeds 0.5%.

~USP27

BRIEFING

Glyburide Tablets, USP 26 page 866 and page 60 of PF 28(1)
[Jan.–Feb. 2002]. On the basis of comments received, it is pro-
posed to modify the preparation of the System suitability prepara-
tion and the Assay preparation in the Assay to improve
solubilization of the drug substance and tablet formulation. It is
also proposed to add storage conditions to the Packaging and stor-
age section.

(PA4: E. Gonikberg; PSD: C. Okeke) RTS—37421-1

Change to read:
Packaging and storage—Preserve in well-closed containers.
~

Store at controlled room temperature.
~USP27

Add the following:

&Dissolution h711i—(for Tablets containing nonmicro-

nized Glyburide only)
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Medium: 0.5% hexadecyltrimethylammonium bromide in

0.025 M alkaline borate buffer, pH 8.0; 900 mL. [NOTE—

Prepare by mixing a volume of 1.0% aqueous solution of

hexadecyltrimethylammonium bromide with an equal vol-

ume of 0.05 M alkaline borate buffer, pH 8.0.]

Apparatus 2: 75 rpm.

Time: 60 minutes.

Procedure:Determine the amount of C23H28ClN3O5S dis-

solved, employing the procedure set forth in the Assay, mak-

ing any necessary modifications.

Tolerances—Not less than 80% (Q) of the labeled amount

of C23H28ClN3O5S is dissolved in 60 minutes.&2

Change to read:
Assay—
Mobile phase—Prepare as directed in the Assay under Glybur-

ide.
System suitability preparation—Prepare a solution of proges-

terone in acetonitrile having a known concentration of about 0.2
mg per mL (Solution A). Transfer about 10 mg of USP Glyburide
RS, accurately weighed, to a suitable container, add 4 mL of water
and

~

~USP27

20.0 mL of Solution A, and shake vigorously to dissolve.
~

Add 4.0 mL of water, and mix.
~USP27

Standard preparation—To about 10 mg of USP Glyburide RS,
accurately weighed, add 20.0 mL of acetonitrile, and shake vigor-
ously to dissolve. Add 4.0 mL of water, and mix. Centrifuge, and
use the clear supernatant.

~

~USP27

Assay preparation—Weigh and finely powder not fewer than 20
Tablets. Transfer an accurately weighed portion of the powder,
equivalent to about 10 mg of glyburide, to a suitable container,
add 20.0 mL of acetonitrile, and shake vigorously to dissolve.
Add 4.0 mL of water, and mix.
~

Transfer not fewer than 20 Tablets to a suitable container,

add water equivalent to 0.4 mL of water per mg of glybur-

ide, and swirl to disperse and wet Tablet material. Then add

acetonitrile equivalent to 2.0 mL of acetonitrile per mg of

glyburide, and shake for 30 minutes.
~USP27

Centrifuge a portion of the suspension so obtained, and use the
clear supernatant.
Chromatographic system—Proceed as directed in the Assay un-

der Glyburide, except to use the System suitability preparation in
place of the Standard preparation.
Procedure—Separately inject equal volumes (about 10 mL) of

the Standard preparation and the Assay preparation into the chro-
matograph, record the chromatograms, and measure the height of
the major peaks. Calculate the quantity, in mg, of glyburide (C23

H28ClN3O5S) in the portion of Tablets taken by the formula:

WS(rU / rS),

in which WS is the weight, in mg, of USP Glyburide RS taken to
prepare the Standard preparation; and rU and rS are the glyburide
peak heights obtained from the Assay preparation and the Stan-
dard preparation, respectively.

BRIEFING

Lamivudine, USP 26 page 1055. Based on comments received,
a number of revisions are proposed for this monograph: (1) The
storage temperature in the Packaging and storage section is re-
vised; (2) The method for water determination is more specifically
identified; (3) In the test for Limit of lamivudine enantiomer the
column temperature is revised; (4) In the test for Limit of residual
solvents to minimize evaporation loss for the volatile compounds,
the Standard solution is prepared by volume measurement rather
than weight. Additionally, a higher concentration for the Standard
solution is proposed to enhance the response. (5) In the test for
Chromatographic purity a higher concentration for the preparation
of the salicylic acid solution is proposed to attain a better response.
(6) In the Assay, the column length is revised.

(PA7b: B. Davani) RTS—33865-1

Change to read:

C8H11N3O3S 229.26
2(1H)-Pyrimidinone, 4-amino-1-[2-(hydroxymethyl)-1,3-oxathio-

lan-5-yl]-, (2R-cis)-.
(–)-1-[(2R,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cystosine
~

cytosine
~USP27

[134678-17-4].

Change to read:
Packaging and storage—Preserve in well-closed, light-resistant
containers. at controlled room temperature.
~

Store at room temperature.
~USP27

Change to read:
Water, Method I
~

Method Ic
~USP27

h921i: not more than 0.2%.

Change to read:
Limit of lamivudine enantiomer—
0.1 M Ammonium acetate solution—Dissolve about 7.7 g of am-

monium acetate in water, and dilute with water to 1000 mL.
Mobile phase—Prepare a suitable mixture of 0.1 M Ammonium

acetate solution and methanol (95:5), mix, filter, and degas.
Resolution solution—Dissolve the contents of 1 vial of USP La-

mivudine Resolution Mixture A RS in 5 mL of water, and quanti-
tatively transfer the solution to a 10-mL volumetric flask using
successive 2-mL portions of water. Dilute with water to volume,
and mix.
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Test solution—Transfer about 25 mg of Lamivudine, accurately
weighed, to a 100-mL volumetric flask, dissolve in and dilute with
water to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 270-nm detector and a
4.6-mm 6 25-cm column that contains packing L45. The column
temperature is maintained at 208.
~

maintained at a constant temperature of between 158 and

308.
~USP27

The flow rate is about 1.0 mL per minute. Chromatograph the
Resolution solution, and record the peak responses as directed
for Procedure: the resolution, R, between lamivudine and lamivu-
dine enantiomer is not less than 1.5. [NOTE—The relative retention
times are about 1.0 for lamivudine and about 1.2 for lamivudine
enantiomer.]
Procedure—Inject a volume (about 10 mL) of the Test solution

into the chromatograph, record the chromatogram, and measure the
responses for the major peaks. Calculate the percentage of lamivu-
dine enantiomer in the portion of Lamivudine taken by the for-
mula:

100[rU /(rU + rS)],

in which rU and rS are the peak responses of lamivudine enantiomer
and lamivudine, respectively: not more than 0.3% is found.

Change to read:
Limit of residual solvents—
Internal standard solution—Transfer about 80 mg of 2-penta-

none, accurately weighed,
~

1 mL of 2-pentanone, accurately measured,
~USP27

to a 100-mL volumetric flask, dilute with a mixture of methyl sulf-
oxide and water (1:1) to volume, and mix.
Standard solution—Transfer about 100 mg of dehydrated alco-

hol, about 100 mg of isopropyl acetate, about 50 mg of methanol,
and 50 mg of triethylamine, accurately weighed, to a 100-mL volu-
metric flask, dilute with a mixture of methyl sulfoxide and water
(1:1) to volume, and mix. Transfer a 10-mL portion of this solution
to a 100-mL volumetric flask, add 10 mL of Internal standard solu-
tion, dilute with a mixture of methyl sulfoxide and water (1:1) to
volume, and mix.
~

Transfer 10 mL of Internal standard solution to a 100-mL

volumetric flask. To the same flask add an accurately mea-

sured quantity of about 100 mL of each of the following: de-

hydrated alcohol, isopropyl acetate, methanol, and

triethylamine. Dilute with a mixture of methyl sulfoxide

and water (1:1) to volume, and mix.
~USP27

Test solution—Transfer about 5 g of Lamivudine, accurately
weighed, to a 100-mL volumetric flask, add 10 mL of Internal
standard solution, dilute with a mixture of methyl sulfoxide and
water (1:1) to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

gas chromatograph is equipped with a split injection port, a
flame-ionization detector, and a 0.53-mm 6 50-m column coated
with a 5-mm film of phase G1. The carrier gas is hydrogen at a pres-
sure of 5 psig. The split flow rate is about 320 mL per minute. The
chromatograph is programmed as follows. Initially the temperature
of the column is maintained at 708 for 3 minutes, then increased at
a rate of 308 per minute to 2008, and maintained at that temperature
for 6.5 minutes. The injection port temperature is maintained at
1508 and the detector temperature is maintained at 2508.

Procedure—Separately inject equal volumes (about 0.5 mL) of
the Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak areas. Calculate
the percentage of each residual solvent in the portion of Lamivu-
dine taken by the formula:

10(C/W)(Ri / RS),

in which C is the concentration, in mg per mL, of the respective
analyte in the Standard solution; W is the weight, in g, of Lamivu-
dine taken; and Ri and RS are the peak response ratios of the respec-
tive analyte to the internal standard obtained from the Test solution
and the Standard solution, respectively: not more than 0.2% of al-
cohol is found; not more than 0.2% of isopropyl acetate is found;
not more than 0.1% of methanol is found; not more than 0.1% of
triethylamine is found; and not more than 0.3% of total residual
solvents is found.

Change to read:
Chromatographic purity—
0.025 M Ammonium acetate solution, Mobile phase, Salicylic

acid solution,

~

~USP27

System suitability solution, and Chromatographic system—Pro-
ceed as directed in the Assay.
Diluted salicylic acid solution—Dilute a portion of Salicylic

acid solution quantitatively, and stepwise if necessary, withMobile
phase to obtain a solution having a known concentration of about
0.25 mg per mL.

~

Salicylic acid solution—Dissolve an accurately weighed

quantity of salicylic acid in Mobile phase, and dilute quan-

titatively, and stepwise if necessary, with Mobile phase to

obtain a solution having a concentration of about 0.625

mg per mL.
~USP27

Standard solution—Use the Standard preparation, prepared as
directed in the Assay.
Test solution—Use the Assay preparation.
Procedure—Separately inject equal volumes (about 10 mL) of

Diluted salicylic acid solution
~

Salicylic acid solution
~USP27

and the Test solution into the chromatograph, record the chromato-
grams, and measure all of the peak responses. Calculate the percen-
tage of salicylic acid in the portion of Lamivudine taken by the
formula:

(10C/W)(rU / rS),

in which C is the concentration, in mg per mL, of salicylic acid in
the Diluted salicylic acid solution;
~

Salicylic acid solution;
~USP27

W is the weight, in mg, of Lamivudine taken for the Test solution;
and rU and rS are the salicylic acid peak responses obtained from
the Test solution and the Diluted salicylic acid solution,
~

Salicylic acid solution,
~USP27

respectively. Calculate the percentage of other individual impuri-
ties in the portion of Lamivudine taken by the formula:

100(ri / rs),

in which ri is the peak response for each impurity other than sali-
cylic acid obtained from the Test solution; and rs is the sum of the
responses of all the peaks: not more than 0.3% for any peak at a
relative retention time of about 0.4 is found; not more than 0.2%
for any peak at a relative retention time of about 0.9 is found; not
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more than 0.1% of salicylic acid is found; not more than 0.1% of
any other individual impurity is found; and not more than 0.6% of
total impurities is found.

Change to read:
Assay—

0.025 M Ammonium acetate solution—Transfer about 1.9 g of
ammonium acetate to a 1000-mL volumetric flask, dissolve in
about 900 mL of water, adjust with acetic acid to a pH of 3.8 +
0.2, dilute with water to volume, and mix.
Mobile phase—Prepare a filtered and degassed mixture of 0.025

M Ammonium acetate solution and methanol (95:5). Make adjust-
ments if necessary (see System Suitability under Chromatography
h621i).
Salicylic acid solution—Dissolve an accurately weighed quan-

tity of salicylic acid in Mobile phase, and dilute quantitatively,
and stepwise if necessary, with Mobile phase to obtain a solution
having a known concentration of about 60 mg per mL.

~

~USP27

System suitability solution—Dissolve the contents of 1 vial of
USP Lamivudine Resolution Mixture B RS in 2 mL of Mobile
phase.
Standard preparation—Dissolve an accurately weighed quantity

of USP Lamivudine RS in Mobile phase, and dilute quantitatively,
and stepwise if necessary, with Mobile phase to obtain a solution
having a known concentration of about 0.25 mg per mL.
Assay preparation—Transfer about 25 mg of Lamivudine, ac-

curately weighed, to a 100-mL volumetric flask, dissolve in and
dilute with Mobile phase to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 277-nm detector and a
4.6-mm 6 5-cm
~

25-cm
~USP27

column that contains packing L1. The flow rate is about 1.0 mL
per minute. The column temperature is maintained at 358. Chro-
matograph the System suitability solution, and record the peak re-
sponses as directed for Procedure: the resolution, R, between
lamivudine and lamivudine diastereomer is not less than 1.5.
[NOTE—The relative retention times are about 1.0 for lamivudine
and 0.9 for lamivudine diastereomer.] Chromatograph the Stan-
dard preparation, and record the peak responses as directed for
Procedure: the relative standard deviation for replicate injections
is not more than 2.0%. The chromatogram is developed at least to
the retention time of salicylic acid as determined by a 10-mL injec-
tion of Salicylic acid solution.

~

~USP27

Procedure—Separately inject equal volumes (about 10 mL) of
the Standard preparation and the Assay preparation into the chro-
matograph, record the chromatograms, and measure the responses
for the lamivudine peaks. Calculate the quantity, in mg, of
C8H11N3O3S in the portion of Lamivudine taken by the formula:

100C(rU / rS),

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

BRIEFING

Lipid Injectable Emulsion. Because there is no existing USP
monograph for this article, a new monograph is being proposed.
The liquid chromatographic procedures in the Assay are based
on analyses performed with the Hamilton PRP brand of L21 col-
umn.

(PPI: F. Barletta) RTS—35348-2

Add the following:

~Lipid Injectable Emulsion

» Lipid Injectable Emulsion is a sterile 10 percent,

20 percent, or 30 percent w/v oil-in water emul-

sion in a vehicle containing glycerol in Water

for Injection. The oils are Soybean Oil, Safflower

Oil, Olive Oil, Medium-Chain Triglycerides, or

other suitable nutritional oils, or a mixture of these

oils. It contains not less than 90.0 percent and not

more than 110.0 percent of the labeled amount of

the oil. It contains no antimicrobial agents. It con-

tains Egg Phospholipids as an emulsifying agent.

Packaging and storage—Preserve in a single-dose, glass

container or glass Pharmacy Bulk Package (see Injections

h1i). Use elastomeric closures that are compatible with both

the oil and water phases of the Emulsion. Store at controlled

room temperature, and protect from freezing.

Labeling—The label states the identity and the quantities of

the oils in the Emulsion. The label states the total osmolal

concentration in mOsmol per kg. The labeling provides the

following information. Do not use if there is evidence of ex-

cessive creaming or aggregation, if free oil droplets are visi-

ble, or if there are other forms of phase separation indicating

that the stability of the product has been compromised.
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USP Reference standards h11i—USP Endotoxin RS, USP

Particle Count RS.

Fatty acid composition—Transfer a volume of the Emul-

sion, equivalent to about 200 mg of lipids, to a stoppered

extraction vessel, add 10 mL of ether, and mix. Add 5 g

of anhydrous sodium sulfate, mix, and allow the mixture

to stand until separation of the layers is complete. Wet the

packing of a chromatographic silica cartridge with a few mL

of ether, transfer about 5 mL of the ether layer from the ex-

traction vessel to the column reservoir, and elute at a rate of

between 5 and 10 drops a minute into a suitable vessel. Eva-

porate the ether from the eluant, and dissolve the residue in

5.0 mL of toluene. Transfer 1.0 mL of the toluene solution to

a reaction vial, and add 0.4 mL of (m-trifluoromethylphenyl)

trimethylammonium hydroxide in methanol. Cover, mix,

and allow to stand for 30 minutes. Inject about 1 mL of this

solution into a gas ionization detector and a 0.53-mm 6

50-m wide-bore, fused-silica capillary column coated with

a 2.0-mm thickness of liquid phase G16 maintained at a tem-

perature of 2008. Helium is used as the carrier gas at a flow

rate of about 10 mL per minute. Measure the five main peak

areas of the methyl esters of the fatty acids. The order of

elution is palmitate, stearate, oleate, linoleate, and linole-

nate: their relative peak areas expressed as a percentage of

the five main peaks are in the known ranges for the oils or

mixtures of oils specified on the label.

Bacterial endotoxins h85i—It contains not more than 0.5

USP Endotoxin Unit per mL.

pH h791i: between 6.0 and 9.0.

Particulate matter h788i: meets the requirements for large-

volume injections for single-dose infusion.

Limit of free fatty acid—

Solvent—Prepare a mixture of heptane, isopropanol, and

water (400:400:200) in a separatory funnel. Allow the

phases to separate, and discard the lower phase. Filter the

upper phases (heptane solution) through 40 g of anhydrous

sodium sulfate. Store in a tightly capped glass container, and

use within one week.

Chromatographic column—Prepare a slurry of heptane

and chromatographic silica gel having an average pore size

of 6 nm, and activate at 1108 for not less than one hour prior

to use. Transfer the slurry to a 2.3-cm chromatographic tube

(See Column Chromatography under Chromatography

h621i), and pack to a bed height of between 5 and 6 cm.

Wash the column with about 40 mL of heptane, and drain

the heptane through the column to a level of about 0.5 cm

above the silica gel bed.

Procedure—Transfer 20.0 mL of the Emulsion to a flask,

freeze, and lyophilize. Dissolve the residue in 3 mL of Sol-

vent, and apply the solution to the column. Rinse the flask

with three 30-mL portions of Solvent, and transfer the wash-

ings to the column, allowing each rinsing to drain to the top

of the column bed before applying the next rinse. Collect a

total of 120 mL of effluent. Add 10 drops of phenolphtha-

lein TS to the effluent, bubble nitrogen through the solution,

and titrate with 0.02 N alcoholic potassium hydroxide VS

until the solution remains pale pink after mixing for 10 sec-

onds. Titrate a blank using 120 mL of Solvent. Calculate the

quantity of free fatty acids, in mEq, in the portion of Emul-

sion taken by the formula:

(Vu – Vb)N/20C,

in which Vu is the volume, in mL, of the 0.02 N alcoholic

potassium hydroxide consumed by the eluant; Vb is the vol-

ume, in mL, of 0.02 N alcoholic potassium hydroxide con-

sumed by the blank; N is the normality of the 0.02 N

alcoholic potassium hydroxide; and C is the labeled concen-

tration of the sum of the individual oils in the Emulsion: not

more than 0.07 mEq of free fatty acids per mL of Emulsion

is found.
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Other requirements—It meets the requirements of Injec-

tions h1i.

Assay—

Mobile phase—Prepare a filtered and degassed mixture of

isopropanol, ethyl acetate, and glacial acetic acid

(179:20:1).

Standard preparation—Dissolve an accurately weighed

portion of Soybean Oil (or other relevant oils used in the

Emulsion) in Mobile phase to obtain a solution having a

known concentration of about 8 mg per mL.

Assay preparation—Transfer an accurately measured por-

tion of Emulsion, equivalent to about 800 mg of oil, to a

suitable container, and freeze-dry. Dissolve the residue in

Mobile phase, and quantitatively transfer to a 100-mL volu-

metric flask with the aid of additional portions of Mobile

phase. Dilute with Mobile phase to volume, and mix to ob-

tain a solution containing about 8 mg of oil per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a refractive in-

dex detector and a 4.6-mm 6 25-cm column that contains

packing L21. The flow rate is about 1 mL per minute, ad-

justed so that the peak due to oil elutes at about 6.5 minutes.

Chromatograph the Standard preparation, and record the

peak responses as directed for Procedure: the capacity fac-

tor, k’, is not less than 1.0; the tailing factor for the oil peak is

not more than 2.5; and the relative standard deviation for

replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 50

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the peak responses. Calculate the quantity, in mg,

of oil in the portion of Emulsion taken by the formula:

100C(rU / rS),

in which C is the concentration, in mg per mL, of Soybean

Oil in the Standard preparation; and rU and rS are the peak

responses obtained from the Assay preparation and the

Standard preparation, respectively.
~USP27

BRIEFING

Norgestimate, USP 26 page 1335. It is proposed to replace the
term ‘‘alcohol’’ with ‘‘absolute alcohol’’ in the Chromatographic
purity, Test 2 section, and make an editorial correction to the ratio
of (E)-norgestimate to (Z)-norgestimate in the Assay procedure.

(PA1: C. Anthony) RTS—37316-1 ; 38019-1

Change to read:
Specific rotation h781Si: between +408 and +468.

Test solution: 10 mg per mL, in chloroform. [NOTE—Use within
10 minutes of preparation.]

~

~USP27

Change to read:
Chromatographic purity—
TEST 1—
Diluent, Mobile phase, System suitability solution, and

Chromatographic system—Proceed as directed in the Assay.
Standard solution—Use the Standard preparation, prepared as

directed in the Assay.
Test solution—Use the Assay preparation, prepared as directed

in the Assay.
Procedure—Separately inject equal volumes (about 25 mL) of

the Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak areas. Calculate
the percentage of each impurity in the portion of Norgestimate ta-
ken by the formula:

5000(CP/W)(ri /FrS),

in which C is the concentration, in mg per mL, of USP Norgesti-
mate RS in the Standard solution; P is the fraction of (E)-norges-
timate in USP Norgestimate RS; W is the weight, in mg, of
Norgestimate taken to prepare the Test solution; ri is the peak area
for each impurity obtained from the Test solution; F is the relative
response factor and it is equal to 0.83 for any peak having a relative
retention time of 0.50, 1.13 for any peak having a relative retention
time of 0.56, 0.85 for any peak having a relative retention time of
0.72, and 1.0 for any other peak; and rS is the peak area of (E)-nor-
gestimate obtained from the Standard solution. Not more than
0.3% of total impurities having relative retention times of 0.50
and 0.56 is found; not more than 0.3% of the impurity having a
relative retention time of 0.72 is found; and not more than 0.1%
of any other impurity is found.
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TEST 2—
Mobile phase—Prepare a filtered and degassed mixture of cyclo-

hexane and
~

absolute
~USP27

alcohol (50:1). Make adjustments if necessary (see System Suit-
ability under Chromatography h621i).
Standard solution—Dissolve an accurately weighed quantity of

USP Norgestimate RS in Mobile phase, and dilute quantitatively,
and stepwise if necessary, with Mobile phase to obtain a solution
having a known concentration of about 1.0 mg per mL.
System suitability solution—Dilute a portion of Standard solu-

tion quantitatively, and stepwise if necessary, with Mobile phase
to obtain a solution having a known concentration of about 0.5
mg per mL.
Test solution—Transfer about 10 mg of Norgestimate, accurately

weighed, to a 10-mL volumetric flask, dissolve in and dilute with
Mobile phase to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 210-nm detector and a
4.6-mm 6 25-cm column that contains a 5-mm packing L20.
The flow rate is about 1 mL per minute. Chromatograph the System
suitability solution, and record the peak responses as directed for
Procedure: the signal-to-noise ratio for (E)-norgestimate is not less
than 3.0. Chromatograph the Standard solution, and record the
peak areas as directed for Procedure: the retention time is about
18.6 minutes for (E)-norgestimate; the relative retention times
are about 1.0 for (E)-norgestimate and 1.1 for (Z)-norgestimate;
the tailing factor is not more than 1.5; the resolution, R, between
(Z)-norgestimate and (E)-norgestimate is not less than 1.5; and the
relative standard deviation for replicate injections, determined
from the peak area of (Z)-norgestimate to (E)-norgestimate, is
not more than 2.0%.
Procedure—Separately inject equal volumes (about 25 mL) of

the Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the peak areas. Calculate
the percentage of each impurity in the portion of Norgestimate ta-
ken by the formula:

1000(CP/W)(ri /FrS),

in which C is the concentration, in mg per mL, of USP Norgesti-
mate RS in the Standard solution; P is the fraction of (E)-norges-
timate in USP Norgestimate RS; W is the weight, in mg, of
Norgestimate taken to prepare the Test solution; ri is the peak area
for each impurity obtained from the Test solution; F is the relative
response factor and it is equal to 1.4 for any peak having a relative
retention time of 0.74, 1.5 for any peak having a relative retention
time of 0.78, and 1.2 for any peak having a relative retention time
of 0.91; and rS is the peak area of (E)-norgestimate obtained from
the Standard solution. Not more than 0.2% of the impurity having
a relative retention time of 0.74 is found; and not more than 0.1%
each of the impurities having relative retention times of 0.78 and
0.91. Not more than 1.0% of total impurities is found, the results
for Test 1 and Test 2 being added.

BRIEFING

Omeprazole Delayed-Release Capsules, page 9086 of PF
25(6) [Nov.–Dec. 1999]. This new monograph, which previously
appeared in Pharmacopeial Previews, is now forwarded to In-Pro-
cess Revisionwith the following revisions. It is proposed to modify
the Drug release test by replacing the Acid stage with an Acid re-

sistance stage in order to be in accordance with the approved NDA.
It is also proposed to add storage conditions to the Packaging and
storage section. Minor editorial changes are also made.

(BPC: M. Marques; PA4: E. Gonikberg) RTS—39394-1

Add the following:

~Omeprazole Delayed-Release
Capsules

» Omeprazole Delayed-Release Capsules contain

not less than 90.0 percent and not more than 110.0

percent of the labeled amount of omeprazole

(C17H19N3O3S).

Packaging and storage—Preserve in tight, light-resistant

containers. Store between 158 and 308.

USP Reference standards h11i—USP Omeprazole RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Adsorbent: 0.25-mm chromatographic silica gel mixture,

prewashed with methanol.

Diluent: a mixture of methylene chloride and methanol

(1:1).

Test solution—Transfer the contents of not fewer than 5

Capsules to a mortar, grind the Capsules, and mix. Transfer

a weighed quantity of the powder, equivalent to about 10 mg

of omeprazole, to a suitable container. Add 2 mL of Diluent,

sonicate for 5 minutes, and allow to settle for 20 minutes

before applying to the plate.

Standard solution—Dissolve an accurately weighed

quantity of USP Omeprazole RS in Diluent to obtain a solu-

tion having a known concentration of about 5 mg per mL.

Developing solvent system: a mixture of methylene chlo-

ride saturated with ammonia, methylene chloride, and iso-

propyl alcohol (2:2:1).

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
424 IN-PROCESS REVISION Vol. 29(2) [Mar.–Apr. 2003]



B: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

Drug release, Method A h724i—

ACID STAGE—

Medium: 0.1 N hydrochloric acid; 500 mL.

Apparatus 2: paddles constructed of, or coated with, poly-

tef; 100 rpm.

Time: 2 hours.

Procedure: Proceed as directed for Buffer stage.

ACID RESISTANCE—

Medium: 0.1 N hydrochloric acid; 500 mL.

Apparatus 2: 100 rpm.

Time: 2 hours.

pH 7.6 phosphate buffer, Mobile phase, Chromato-

graphic system, and Procedure—Proceed as directed under

Buffer stage.

Standard solution—Transfer about 50 mg of USP Ome-

prazole RS, accurately weighed, to a 250-mL volumetric

flask, dissolve in 50 mL of alcohol, dilute with 0.01 M so-

dium borate solution to volume, and mix. Transfer 10.0 mL

of this solution into a 100-mL volumetric flask, add 20 mL

of alcohol, dilute with 0.01 M sodium borate solution to vol-

ume, and mix.

Test solution—After 2 hours, filter the Dissolution Me-

dium containing the pellets through a sieve with an aperture

of not more than 0.2 mm. Collect the pellets on the sieve,

and rinse them with water. Using approximately 60 mL of

0.01 M sodium borate solution, carefully transfer the pellets

quantitatively to a 100-mL volumetric flask. Sonicate for

about 20 minutes until the pellets are broken up. Add 20

mL of alcohol to the flask, dilute with 0.01 M sodium borate

solution to volume, and mix. Dilute an appropriate amount

of this solution with 0.01 M sodium borate solution to ob-

tain a solution having a concentration of about 0.02 mg per

mL.

Tolerances—Level L1: no individual value exceeds 10%

of omeprazole dissolved. Level L2: the average of 12 units is

not more than 10% of omeprazole dissolved, and no indivi-

dual unit is greater than 25% of omeprazole dissolved. Level

L3: the average of 24 units is not more than 10% of omepra-

zole dissolved, and no individual unit is greater than 25% of

omeprazole dissolved.

BUFFER STAGE—

Medium: pH 6.8 phosphate buffer, 900 mL, prepared by

adding 400 mL of 0.235 M dibasic sodium phosphate to the

vessel and adjusting, if necessary, with 2 N hydrochloric

acid or 2 N sodium hydroxide to a pH of 6.8 + 0.05.

Apparatus 2: 100 rpm.

Procedure—

At the end of 30 minutes, determine the amount of

C17H19N3O3S dissolved by employing the following meth-

od.

pH 10.4, 0.235 M Dibasic sodium phosphate—Dissolve

33.36 g of anhydrous dibasic sodium phosphate in 1000

mL of water, and adjust with 2 N sodium hydroxide to a

pH of 10.4 + 0.1

pH 6.8 Phosphate buffer—Add 400 mL of 0.1 N hydro-

chloric acid to 320 mL of pH 10.4, 0.235 M Dibasic sodium

phosphate, and adjust with 2 N hydrochloric acid or 2 N so-

dium hydroxide, if necessary, to a pH of 6.8 + 0.05.

pH 7.6 Phosphate buffer—Dissolve 0.718 g of monobasic

sodium phosphate and 4.49 g of dibasic sodium phosphate

in 1000 mL of water. Adjust with 2 N hydrochloric acid or 2

N sodium hydroxide, if necessary, to a pH of 7.6+ 0.1. Di-

lute 250 mL of this solution with water to 1000 mL.
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Mobile phase—Transfer 340 mL of acetonitrile to a 1000-

mL volumetric flask, dilute with pH 7.6 Phosphate buffer to

volume, and pass through a membrane filter having a 0.5-

mm or finer porosity. Make adjustments if necessary (see

System Suitability under Chromatography h621i).

Standard solution 1 (for Capsules labeled 10 mg)—Dis-

solve an accurately weighed quantity of USP Omeprazole

RS in alcohol to obtain a solution having a known concen-

tration of about 2 mg per mL. Dilute with pH 6.8 Phosphate

buffer quantitatively, and stepwise if necessary, to obtain a

solution having a known concentration of about 0.01 mg per

mL. To 10 mL of this solution immediately add 2 mL of

0.25 M sodium hydroxide, and mix. [NOTE—Do not allow

the solution to stand before adding the sodium hydroxide

solution.]

Standard solution 2 (for Capsules labeled 20 mg and 40

mg)—Proceed as directed for Standard solution 1, except to

obtain a solution having a known concentration of about

0.02 mg per mL before mixing with 2 mL of 0.25 M sodium

hydroxide.

Test solution 1 (for Capsules containing 10 mg and 20

mg)—Transfer immediately 5.0 mL of the solution under

test to a test tube containing 1.0 mL of 0.25 M sodium hy-

droxide. Mix well, and pass through a membrane filter hav-

ing a 1.2-mm or finer porosity. Protect from light.

Test solution 2 (for Capsules labeled 40 mg )—Transfer

immediately 5.0 mL of the solution under test to a test tube

containing 2.0 mL of 0.25 M sodium hydroxide and 5 mL of

pH 6.8 Phosphate buffer. Mix well, and pass through a

membrane filter having a 1.2-mm or finer porosity. Protect

from light.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 280-nm detec-

tor and a 4.0-mm 6 12.5-cm analytical column that con-

tains 5-mm packing L7. The flow rate is about 1.0 mL per

minute. Chromatograph the appropriate Standard solution,

and record the peak responses as directed for Procedure:

the column efficiency is not less than 2000 theoretical

plates, and the relative standard deviation for replicate injec-

tions is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20

mL) of the appropriate Standard solution and Test solution

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

quantity, in mg, of omeprazole (C17H19N3O3S) dissolved

by the formula:

VCD(rU / rS),

in which V is the volume of Medium in each vessel; C is the

concentration, in mg per mL, of USP Omeprazole RS in the

appropriate Standard solution; D is the dilution factor used

in preparing the appropriate Test solution; and rU and rS are

the omeprazole peak responses obtained from the appropri-

ate Test solution and Standard solution, respectively.

Tolerances—For Capsules labeled 10 and 20 mg, not less

than 75% (Q) of the labeled amount of C17H19N3O3S is dis-

solved. For Capsules labeled 40 mg, not less than 70% (Q)

of the labeled amount of C17H19N3O3S is dissolved.

Uniformity of dosage units h905i: meet the requirements.

Chromatographic purity—

Diluent, Solution A, Solution B, Mobile phase, and

Chromatographic system—Proceed as directed in the Assay.

Standard solution—Prepare as directed for the Standard

preparation in the Assay.

Test solution—Use the Assay preparation.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure all

of the peak responses. Calculate the percentage of each im-

purity in the portion of Capsules taken by the formula:
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(10C/FA)(ri / rS),

in which C is the concentration, in mg per mL, of USP Ome-

prazole RS in the Standard solution; F is the relative re-

sponse factor (see Note below for values); A is the

quantity, in mg, of omeprazole in the portion of Capsules

taken, as determined in the Assay; ri is the peak response

for each impurity obtained from the Test solution; and rS

is the peak response for omeprazole obtained from the Stan-

dard solution: not more than 0.5% of any individual impu-

rity is found, and not more than 2.0% of total impurities is

found. [NOTE—The relative response factor, F, equals 1.6

and 3.1 for peaks with a relative retention time of about

0.33 and 0.64, respectively; and equals 1.0 for peaks ob-

tained from all other impurities.]

Assay—

Diluent—Dissolve 7.6 g of sodium borate decahydrate in

about 800 mL of water. Add 1.0 g of edetate disodium, and

adjust with 50% sodium hydroxide solution to a pH of 11.0

+ 0.1. Transfer the solution to a 2000-mL volumetric flask,

add 400 mL of dehydrated alcohol, and dilute with water to

volume.

Solution A—Prepare a filtered and degassed solution of

6.0 g of glycine in 1500 mL of water. Adjust with 50% so-

dium hydroxide solution to a pH of 9.0, and dilute with

water to 2000 mL.

Solution B—Use a filtered and degassed mixture of aceto-

nitrile and methanol (85:15).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard preparation—Dissolve, by sonicating, an ac-

curately weighed quantity of USP Omeprazole RS in Dilu-

ent, and dilute quantitatively, and stepwise if necessary, with

Diluent to obtain a solution having a known concentration

of about 0.2 mg per mL.

Assay preparation—Weigh and mix the contents of not

fewer than 20 Capsules. Transfer an accurately weighed

portion of the mixture, equivalent to about 20 mg of ome-

prazole, to a 100-mL volumetric flask, add about 50 mL of

Diluent, and sonicate for 15 minutes. Cool, dilute with Dil-

uent to volume, mix, and pass through a membrane filter

having 0.45-mm or finer porosity. [NOTE—Bubbles may

form just before bringing the solution to volume. Add a

few drops of dehydrated alcohol to dissipate the bubbles if

they persist for more than a few minutes.]

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 305-nm detec-

tor and a 4.6-mm6 15-cm column that contains 5-mm base-

deactivated packing L7. The flow rate is about 1.2 mL per

minute. The chromatograph is programmed as follows.

Time

(minutes)

Solution A

%

Solution B

% Elution

0–5 88 12 equilibration

5–25 88?40 12?60 linear gradient

Chromatograph the Standard preparation, and record the

peak responses as directed for Procedure: the column effi-

ciency is not less than 20,000 theoretical plates; the tailing

factor is not less than 0.8 and not more than 2; and the re-

lative standard deviation for replicate injections is not more

than 2.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and
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measure the peak responses. Calculate the quantity, in mg,

of omeprazole (C17H19N3O3S) in the portion of Capsules ta-

ken by the formula:

100C(rU / rS),

in which C is the concentration, in mg per mL, of USP Ome-

prazole RS in the Standard preparation; and rU and rS are

the peak responses obtained from the Assay preparation

and the Standard preparation, respectively.
~USP27

BRIEFING

Phenyltoloxamine Dihydrogen Citrate, page 3321 of PF
27(6) [Nov.–Dec. 2001]. A revision is proposed to change Pack-
aging and storage to conform to the policy established by the USP
Packaging, Storage, and Distribution Expert Committee (USP
PSD). A requirement is proposed to state storage at room tempera-
ture.

(PA1: K. Russo) RTS—39469-1

Add the following:

~Phenyltoloxamine Dihydrogen Citrate

C17H21NO �C6H8O7 447.47

N,N-Dimethyl-2-(a-phenyl-o-tolyloxy)ethylamine, citrate

(1:1) salt.

2-(2-Dimethylaminoethoxy)diphenylmethane, citrate (1:1)

salt [1176-08-5].

» Phenyltoloxamine Dihydrogen Citrate contains

not less than 99.0 percent and not more than 101.0

percent of C17H21NO �C6H8O7, calculated on the

dried basis.

Packaging and storage—Preserve in well-closed con-

tainers. Preserve in well-closed containers and store at room

temperature.

USP Reference standards h11i—USP Phenyltoloxamine

Dihydrogen Citrate RS. USP Phenyltoloxamine Dihydrogen

Citrate Related Compound A RS.

Identification—

A: Infrared Absorption h197Ki.

B: Ultraviolet Absorption h197Ui—

Solution: 100 mg per mL.

Medium: 0.1 N hydrochloric acid.

C: Dissolve 0.5 g of Phenyltoloxamine Dihydrogen Ci-

trate in 15 mL of hot water, add a slight excess of 5 M so-

dium hydroxide, filter, and add 2 N hydrochloric acid until

the filtrate is neutral to litmus paper: the solution meets the

requirements of the test for Citrate h191i.

Melting range, Class 1a h741i: between 1378 and 1438.

pH h791i: between 3.2 and 4.2, in a solution (1 in 100).

Loss on drying h731i—Dry it in vacuum at 808 for 3 hours:

it loses not more than 0.5% of its weight.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method I h231i: 20 mg per g.

Related compounds—

Resolution solution—In a separatory funnel dissolve

about 10 mg each of USP Phenyltoloxamine Dihydrogen

Citrate RS and USP Phenyltoloxamine Dihydrogen Citrate

Related Compound A RS, accurately weighed, in 50 mL of

water. Add 5 mL of ammonium hydroxide, and extract with

three 10-mL portions of ethyl ether. Combine the extracts,
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dry the solution over anhydrous sodium sulfate, and gently

evaporate to dryness. Dissolve the residue in 20 mL of

chloroform.

Test solution—In a separatory funnel dissolve about 800

mg of Phenyltoloxamine Dihydrogen Citrate, accurately

weighed, in 50 mL of water. Proceed as directed for Reso-

lution solution, beginning with ‘‘Add 5 mL of ammonium

hydroxide.’’

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a split injection

system, a flame-ionization detector, and a 0.32-mm 6

25-m column coated with a 0.45-mm film of phase G27.

The carrier gas is helium, flowing at a rate of about 29 cm

per second, with a split flow rate of about 25 mL per minute.

The column temperature is programmed as follows. Initially

the temperature of the column is equilibrated at 1908 for 3

minutes, then the temperature is increased at a rate of 48 per

minute to 2408, and maintained at 2408 for 8 minutes. The

injection port and the detector temperatures are maintained

at 2808. Chromatograph the Resolution solution, and record

the peak responses as directed for Procedure: the resolution,

R, between phenyltoloxamine dihydrogen citrate and phe-

nyltoloxamine dihydrogen citrate related compound A is

not less than 2.0.

Procedure—Inject a volume (about 1 mL) of the Test solu-

tion into the chromatograph, record the chromatograms, and

measure the peak responses. Calculate the percentage of

each impurity in the portion of Phenyltoloxamine Dihydro-

gen Citrate taken by the formula:

100(ri / rs),

in which ri is the peak response of each impurity; and rs is

the sum of the responses of all the peaks, excluding the sol-

vent peaks: not more than 0.1% of any individual impurity

is found; and not more than 1.0% of total impurities is

found.

Organic volatile impurities,Method 1 h467i: meets the re-

quirements.

Assay—Dissolve about 0.5 g of Phenyltoloxamine Dihy-

drogen Citrate, accurately weighed, in 80 mL of glacial ace-

tic acid, and titrate with 0.1 N perchloric acid VS,

determining the endpoint potentiometrically. Perform a

blank determination, and make any necessary correction

(see Titrimetry h541i). Each mL of 0.1 N perchloric acid

is equivalent to 44.75 mg of C17H21NO �C6H8O7.~USP27

BRIEFING

Poloxalene, USP 26 page 1492. It is proposed to include addi-
tional requirements for Packaging and storage. In the Assay, it is
proposed to (1) revise the Standard preparation to allow for greater
flexibility in the amount of Reference Standard to be weighed, (2)
provide more specific instructions for the Assay preparation, and
(3) revise the equation used to calculate the percentage of poloxa-
lene to reflect the changes proposed for the Standard preparation
and the Assay preparation.

(VET: I. DeVeau) RTS—39431-1

Change to read:
Packaging and storage—Preserve in tight containers.
~

, protected from light. Store in a cool place.
~USP27

Change to read:
Assay—
Standard preparation—Transfer about 105 mg of USP Poloxa-

lene RS, accurately weighed, to a 100-mL volumetric flask, add
about 85 mL of ethylene dichloride, and swirl to dissolve. Dilute
with ethylene dichloride to volume, and mix. Transfer 15.0 mL of
this solution to a second 100-mL volumetric flask, dilute with eth-
ylene dichloride to volume, and mix.
~

Dissolve an accurately weighed quantity of USP Poloxa-

lene RS in ethylene dichloride to obtain a solution having

a known concentration of about 0.1575 mg per mL.
~USP27

Assay preparation—Using Poloxalene instead of USP Poloxa-
lene RS, proceed as directed for Standard preparation
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~

Transfer about 105 mg of Poloxalene, accurately weighed,

to a 100-mL volumetric flask, add about 85 mL of ethylene

dichloride, and swirl to dissolve. Dilute with ethylene

dichloride to volume, and mix. Transfer 15.0 mL of this

solution to a second 100-mL volumetric flask, dilute with

ethylene dichloride to volume, and mix.
~USP27

Procedure—Transfer 10.0 mL of the Standard preparation, the
Assay preparation, and ethylene dichloride (to serve as a blank) to
glass-stoppered tubes, add 4.0 mL of the Color reagent specified in
the Identification test, shake vigorously for 3 minutes, and then
centrifuge for 5 minutes. Carefully remove the lower ethylene
dichloride layers from the three tubes, and using the ethylene
dichloride layer from the tube containing the blank to zero the
spectrophotometer, determine the UV absorbance at 630 nm of
the solutions from the Standard preparation and the Assay prepa-
ration. Calculate the percentage of poloxalene in the portion of Po-
loxalene taken by the formula:

100(AU /AS)(WS /WU),

~

100(AU /AS)(CS /CU),~USP27

in which AU and AS are the absorbances of the solutions from the
Assay preparation and the Standard preparation, respectively; and
WSand WU are the weights, in mg, of the USP Poloxalene RS and
the Poloxalene taken.
~

CS and CU are the concentrations, in mg per mL, of the

Standard preparation and Assay preparation, respective-

ly.
~USP27

BRIEFING

Propantheline Bromide, USP 26 page 1564 and page 1186 of
PF 28(4) [July–Aug. 2002]; Propantheline Bromide Tablets,
USP 26 page 1565. It is proposed to change the name of 9-hy-
droxypropantheline bromide to propantheline bromide related
compound A to be in accordance with the implemented name
change for the Reference Standard. This proposal affects the test
for Related compounds.

(PA4: E. Gonikberg) RTS—39462-1

Change to read:
USP Reference standards h11i—USP Xanthanoic Acid RS. USP
Xanthone RS. USP 9-Hydroxypropantheline Bromide RS.
~

~USP27

USP Propantheline Bromide RS.
~

USP Propantheline Bromide Related Compound A

RS.
~USP27

Change to read:
Related compounds—

pH 3.5 buffer solution—Dissolve 17.3 g of dodecyl sodium

&sodium dodecyl&1

sulfate in 1000 mL of water containing 10 mL of phosphoric acid
in a 2000-mL volumetric flask. Add 250 mL of 0.5 M sodium hy-
droxide and, while stirring, adjust with 0.5 M sodium hydroxide or
dilute phosphoric acid (1 in 10) to a pH of 3.5 + 0.05, dilute with
water to volume, and mix.
Mobile phase—Prepare a filtered and degassed mixture of ace-

tonitrile and pH 3.5 buffer solution (55:45). Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Standard solution—Dissolve accurately weighed quantities of

USP 9-Hydroxypropantheline Bromide RS,
~

USP Propantheline Bromide Related Compound A

RS,
~USP27

USP Xanthanoic Acid RS, and USP Xanthone RS inMobile phase,
and dilute quantitatively, and stepwise if necessary, with Mobile
phase to obtain a solution having a known concentration of about
6.0 mg of 9-hydroxypropantheline bromide
~

propantheline bromide related compound A
~USP27

per mL, and about 1.5 mg each of xanthanoic acid and xanthone
per mL.
Test solution—Transfer about 60 mg of Propantheline Bromide,

accurately weighed, to a 200-mL volumetric flask, dissolve in Mo-
bile phase, dilute with Mobile phase to volume, and mix.

Chromatographic system (see Chromatography h621i)—The
liquid chromatograph is equipped with a 254-nm detector and a
4.6-mm 6 25-cm column that contains packing L7. The flow rate
is about 2.0 mL per minute. Chromatograph the Standard solution,
and record peak responses as directed for Procedure: the reso-
lution, R, between the least resolved peaks is not less than 1.2;
and the relative standard deviation for replicate injections of the
Standard solution is not more than 6.0% for each component.
Procedure—Separately inject equal volumes (about 50 mL) of

the Standard solution and the Test solution into the chromatograph,
record the chromatograms for a total time of not less than 1.5 times
the retention time of the propantheline bromide peak, and measure
the response for each peak, except the peaks at or before the void
volume. Calculate the percentage of xanthanoic acid, xanthone,
and 9-hydroxypropantheline bromide
~

propantheline bromide related compound A
~USP27

greater than or equal to 0.1% in the portion of Propantheline Bro-
mide taken by the formula:

20C/W(rU / rS),

in which C is the concentration, in mg, of xanthanoic acid,
xanthone, or 9-hydroxypropantheline bromide
~

propantheline bromide related compound A
~USP27

per mL of the Standard solution; W is the weight, in mg, of Pro-
pantheline Bromide taken; and rU and rS are the related compound
peak responses obtained from the Test solution and the Standard
solution, respectively: not more than 2.0% of 9-hydroxypropanthe-
line bromide
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~

propantheline bromide related compound A
~USP27

and 0.5% each of xanthone and xanthanoic acid is found. Calcu-
late the percentage of all unknown impurities greater than or equal
to 0.1% by the formula:

100ri / rt,

in which ri is the response of the unknown impurity peak; and rt is
the sum of the responses of all the measured peaks observed in the
chromatogram: the sum total of all known and unknown impurities
is not more than 3.0%.

BRIEFING

Propantheline Bromide Tablets, USP 26 page 1565—See
briefing under Propantheline Bromide.

(PA4: E. Gonikberg) RTS—39463-1

Change to read:
USP Reference standards h11i—USP Xanthanoic Acid RS. USP
Xanthone RS. USP 9-Hydroxypropantheline Bromide RS.

~

~USP27

USP Propantheline Bromide RS.
~

USP Propantheline Bromide Related Compound A

RS.
~USP27

Change to read:
Related compounds—

pH 3.5 buffer solution and Mobile phase—Prepare as directed
for Related compounds under Propantheline Bromide.
Standard solution—Dissolve accurately weighed quantities of

USP 9-Hydroxypropantheline Bromide RS,
~

USP Propantheline Bromide Related Compound A

RS,
~USP27

USP Xanthanoic Acid RS, and USP Xanthone RS inMobile phase,
and dilute quantitatively and stepwise if necessary with Mobile
phase to obtain a solution having known concentrations of about
12.0 mg of 9-hydroxypropantheline bromide
~

propantheline bromide related compound A
~USP27

per mL, and about 3.0 mg each of xanthanoic acid and xanthone
per mL.
Test solution—Use the Assay preparation prepared as directed

under Assay.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and a
4.6-mm 6 25-cm column that contains packing L7. The flow rate
is about 2.0 mL per minute. Chromatograph the Standard solution,
and record the peak responses as directed for Procedure: the reso-
lution, R, between the least resolved peaks is not less than 1.2; and
the relative standard deviation for replicate injections of the Stan-
dard solution is not more than 6.0% for each component or, if the

Assay is performed concomitantly, the relative standard deviation
for the propantheline bromide peak in the replicate injections of the
Standard solution is not more than 2.0%.
Procedure—Separately inject equal volumes (about 50 mL) of

the Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the responses for the ma-
jor peaks. Calculate the percentage of xanthanoic acid, xanthone,
and 9-hydroxypropantheline bromide
~

propantheline bromide related compound A
~USP27

greater than or equal to 0.1% in the portion of Tablets taken by the
formula:

100C /CX(rU / rS),

in which C is the concentration, in mg, of xanthanoic acid,
xanthone, or 9-hydroxypropantheline bromide
~

propantheline bromide related compound A
~USP27

per mL of the Standard solution; CX is the theoretical concentra-
tion, in mg per mL, of Propantheline Bromide in the Test solution;
and rU and rS are the related compound peak responses obtained
from the Test solution and the Standard solution, respectively:
not more than 4.0% of 9-hydroxypropantheline bromide
~

propantheline bromide related compound A
~USP27

and 1.0% each of xanthone and xanthanoic acid are found.

BRIEFING

Red Blood Cells, USP 26 page 262; Whole Blood, USP 26
page 263. These monographs are currently abbreviated mono-
graphs each having a Definition and a description of the article
and sections that contain information for Packaging and storage,
the Expiration date, and Labeling. However, specifications, includ-
ing tests, procedures, and acceptance criteria are not included; also
information provided in the current monograph is largely inconsis-
tent with the current regulatory requirements. Therefore, the pro-
posed revisions update the monographs and include specifications
including tests and acceptance criteria that are consistent with reg-
ulatory requirements. The proposed revisions for the Red Blood
Cells monograph describe the requirements for an acceptable unit
of allogenic red blood cells.
The procedures for Identification tests A and B as well as the test

for Leukocyte count and the test for Adequacy of deglycerolization
(in the Red Blood Cells monograph) were adapted from AABB
Technical Manual (50th Anniversary Edition), 2002, 14th Edition,
American Association of Blood Bank, Bethesda, MD. The pro-
posed procedure for Hemogloblin content is the procedure recom-
mended by the National Institute of Health and approved by the
International Committee on Standardization in Hematology as
the standard procedure for hemoglobin assay.
The hemoglobin content of 50 g is the minimum amount of he-

moglobin in a unit of red cells collected under minimally accepta-
ble parameters—specifically, a 405-mL collection (the lower limit
of 450 mL +10% collection) with a minimum donor hemacrit of
38%. In this case, 405 mL 6 0.38 = 154 mL of red cell mass,
which equates to about 50 g of hemoglobin. The volume stated re-
fers to the total fluid volume, including any residual plasma, antic-
oagulants, or additive solution. Total volumes will vary depending
on the processing method. A range is given here to accommodate
process methods and to give clinicians a reference for calculating
transfusion volumes given to a patient.
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The proposed hemoglobin content and volume of Red Blood
Cells, Leukocyte Reduced are calculated numbers based on a mini-
mum of 85% recovery of starting material of Red Blood Cells dur-
ing leukoreduction filtration. The 85% recovery is a CBER/FDA
minimum—a minimum defined in the Circular of Information—
and is also a minimum recovery claim of filter manufacturers. Ac-
tual recovery is typically higher.
The proposed hemoglobin content in Red Blood Cells, Degly-

cerolized is a calculated number based on an 80% recovery of start-
ing material of Red Blood Cells. The 80% recovery is an FDA
minimum that is defined in the Circular of Information. Actual re-
covery is typically higher. The volume is not reduced because it is
adjusted after deglycerolization.
The proposed hemoglobin content in Red Blood Cells, Leuko-

cyte Reduced and Deglycerolized is a calculated number based on
an 80% recovery of starting material of Red Blood Cells. The 80%
recovery is an FDA minimum that is defined in the Circular of In-
formation. Actual recovery is typically higher. The volume is not
reduced because it is adjusted after deglycerolization.

(BBP: L. Bhattacharyya) RTS—38898-1

Change to read:

» Red Blood Cells conforms to the regulations of the
federal Food and Drug Administration concerning bio-
logics (640.10 to 640.18) (see Biologics h1041i). It is
the remaining red blood cells of whole human blood
that has been collected from suitable whole blood do-
nors, and from which plasma has been removed. It may
be prepared at any time during the dating period of the
whole blood from which it is derived, by centrifuging
or undisturbed sedimentation for the separation of
plasma and cells, not later than 21 days after the blood
has been drawn, except that when acid citrate dextrose
adenine solution has been used as the anticoagulant,
such preparation may be made within 35 days there-
from. It contains a portion of the plasma sufficient to
ensure optional cell preservation or contains a cryo-
phylactic substance if it is for extended manufacturers’
storage at –658 or colder.

~

Red Blood Cells is the portion of blood that contains he-

moglobin and is derived from whole human blood, from

which plasma is removed by manual centrifugation or sedi-

mentation, or by apheresis, in which case the plasma is auto-

matically removed and returned directly to the donor. Red

Blood Cells derived from whole human blood may be pre-

pared at any time during the dating period of the whole hu-

man blood from which it is derived.

Red Blood Cells may be further processed by filtration for

removal of leukocytes, may be washed to remove proteins,

may be frozen and thawed, or may be rejuvenated using va-

lidated and approved procedures. The source blood for Red

Blood Cells must be tested for syphilis, hepatitis B, and hu-

man T-cell virus Type 1 and Type 2 using approved com-

mercially available test kits, the results of which must be

below the limits of detection specified in the respective test

kits by the manufacturers. In addition, the source blood must

also be tested for hepatitis C and for antibodies to HIV using

a nucleic acid assay, the results of which must be below the

approved limits of detection for the method. A unit (dose) of

Red Blood Cells contains a minimum of 50 g of hemoglobin

in a total volume of about 180 mL to 325 mL. A unit (dose)

of Red Blood Cells, Leukocytes Reduced, contains a mini-

mum of 42.5 g of hemoglobin in a total volume of about 150

mL to 275 mL and has a residual leukocyte count of less

than 5 6 106. A unit (dose) of Red Blood Cells, Deglycer-

olized, contains a minimum of 40 g of hemoglobin in a total

volume of about 180 mL to 325 mL. A unit (dose) of Red

Blood Cells, Leukocytes Reduced and Deglycerolized, con-

tains a minimum of 35 g of hemoglobin in a total volume of

about 180 mL to 325 mL and has a residual leukocyte count

of less than 5 6 106.
~USP27

Change to read:
Packaging and storage—Preserve in a hermetic container, which
is of colorless, transparent, sterile, pyrogen-free Type I or Type II
glass, or of a suitable plastic material (see Transfusion and Infusion
Assemblies h161i), in which it was placed by the processor. Store
if unfrozen at a temperature between 18 and 68, held constant with-
in a 28 range except during shipment when the temperature may be
between 18 and 108, and store if for extended manufacturers’ stor-
age in frozen form at –658 or colder. The container of Red Blood
Cells is accompanied by a securely attached smaller container
holding an original pilot sample of blood taken from the donor
at the same time as the whole human blood, or a pilot sample of
Red Blood Cells removed at the time of its preparation.
~

Collect into an approved container (see Transfusion and

Infusion Assemblies h161i) containing a sterile, pyrogen-

free approved anticoagulant (see Anticoagulant Citrate

Dextrose Solution, Anticoagulant Citrate Phosphate Dex-

trose, or Anticoagulant Citrate Phosphate Dextrose Adenine

Solution). An approved additive solution may be added after

removal of the plasma. Store Red Blood Cells in the original
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container, or transfer to an equivalent container using a tech-

nique that does not compromise sterility. Liquid Red Blood

Cells are stored at a temperature between 18 and 68 (see

General Notices and Requirements). Frozen Red Blood

Cells are stored at –658 or colder.
~USP27

Change to read:
Expiration date—The expiration date for unfrozen Red Blood
Cells is not later than that of the whole human blood from which
it is derived if plasma has not been removed, except that if the her-
metic seal of the container is broken during preparation, the expira-
tion date is not later than 24 hours after the seal is broken. The
expiration date for frozen Red Blood Cells is not later than 3 years
after the date of collection of the source blood when stored at –658
or colder and not later than 24 hours after removal from –658 stor-
age provided it is then stored at the temperature for unfrozen Red
Blood Cells.
~

Red Blood Cells in Anticoagulant Citrate Dextrose Solu-

tion or in Anticoagulant Citrate Phosphate Dextrose Solu-

tion may be stored for up to 21 days at 18 to 68 after the

blood has been drawn. Red Blood Cells in Anticoagulant

Citrate Phosphate Dextrose Adenine Solutionmay be stored

for up to 35 days at 18 to 68. Red Blood Cells may be stored

in an approved additive solution (AS)*, for up to 42 days at

18 to 68. If the hermetic seal of the container is broken dur-

ing collection, preparation, or further processing, the expira-

tion date is not later than 24 hours after the seal is broken.

The expiration date for frozen Red Blood Cells is not later

than 3 years from the date of collection when stored at –658

or colder, except when Red Blood Cells are prepared for

freezing with high glycerol content (40% glycerol), in

which case they may be stored for not more than 10 years

from the date of collection. If the frozen Red Blood Cells

were processed for freezing or for thawing, in an open sys-

tem, the expiration date for the thawed Red Blood Cells is

24 hours after removal from –658 storage, provided it is then

stored at the temperature of unfrozen Red Blood Cells.
~USP27

Change to read:
Labeling—In addition to labeling requirements of Whole Blood
applicable to this product, label it to indicate the approved variation
to which it conforms, such as ‘‘Frozen,’’ or ‘‘Deglycerolized.’’ La-
bel it also with the instruction to use a filter in the administration
equipment.

~

Label the container to indicate the volume of the whole hu-

man blood collected from the donor, the collection date, the

donation number or other coding means to uniquely identify

the unit and to provide traceability to the donor, and the ex-

piration date. Label it to indicate the type of anticoagulant

used to collect whole human blood and any additive solu-

tions added subsequent to collection. Label it also to identi-

fy donor status (i.e., volunteer or paid). Label it also with the

following statements: ‘‘See Circular of Information for indi-

cations, contraindications, cautions, and methods of infu-

sion.’’; ‘‘Properly identify recipient.’’; and ‘‘Caution: Rx

only.’’ In addition, label it to indicate the product name as

indicated in Table 1. [NOTE—The name is determined by

the method of preparation of the Red Blood Cells (derived

from whole human blood or from apheresis) and by per-

forming the necessary testing to ensure that the product

meets the minimum requirements for the named products,

as indicated in Table 1.]

Table 1. Red Blood Cells Preparations

Product Name Method of Preparation

Red Blood Cells Prepared from whole human
blood

Red Blood Cells, Apheresis Prepared us ing automated
apheresis systems

Red Blood Cells, Leukocyte
Reduced

Prepared from Red Blood Cells
or Red Blood Cells, Apheresis
(Total leukocytes count < 5 6
106)

Red Blood Cells, Frozen Prepared from Red Blood Cells
or Red Blood Cells, Apheresis
suspended in cryoprotective
solution (glycerol) and frozen
at an appropriate temperature

Red Blood Cells,
Deglycerolyzed

Prepared from Red Blood Cells,
Frozen, from which glycerol is
removed by washing by an ap-
proved procedure

* AS contains sodium chloride, dextrose, adenine, and other
substances that support red cell survival and function. Ex-
amples of such solutions are AS-1, AS-3, and AS-5.
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Label it to indicate the ABO blood group and Rh type, as

indicated in Table 2. [NOTE—Every Red Blood Cells pro-

duct must have a determination made as to its ABO blood

group and Rh type.]

If an ABO blood group color scheme is used, use the fol-

lowing labeling color: Group A (yellow), Group B (pink),

Group O (blue), and Group AB (white).

Label the Red Blood Cells with the name of the adventi-

tious agents tested and the results of the tests. If it has been

issued prior to determination of the test results, label it also

with a warning not to use it until the test results have been

received and to specify that a cross-match must be

performed.

Table 2. Blood Group and Rh Type

ABO Group Rh Type

A Positive

A Negative

B Positive

B Negative

A, B Positive

A, B Negative

O Positive

O Negative

~USP27

Add the following:

~

USP Reference standards h11i—USP Hemoglobin

RS.
~USP27

Add the following:

~

Visual inspection—Inspect visually during storage and

immediately prior to use. If the color or physical appearance

is abnormal or there is any indication or suspicion of micro-

bial contamination, the unit is unsuitable for transfus-

ion.
~USP27

Add the following:

~

Identification—

A: ABO blood group—

Anti-A reagent—Use monoclonal or polyclonal anti-A

blood grouping reagent, two different lots from the same

or different manufacturers. Dilute, if necessary, following

the manufacturer’s instructions.

Anti-B reagent—Use monoclonal or polyclonal anti-B

blood grouping reagent, two different lots from the same

or different manufacturers. Dilute, if necessary, following

the manufacturer’s instructions.

Anti-A,B reagent—Use anti-A,B blood grouping reagent.

Dilute, if necessary, following the manufacturer’s instruc-

tions.

Control preparations—On the day of use, dilute Blood

Group A1 (Control preparation A1) and Blood Group B

(Control preparation B) red blood cells, obtained from an

approved commercial source or prepared by the testing la-

boratory, with 0.9% saline to suspensions of approximately

the same concentration between 2% to 5% (v/v). [NOTE—If

the Blood Group A1 and Blood Group B red blood cells are

prepared in the testing laboratory from whole blood of a

known blood group, it must be prepared on the day of use

following the procedure for the Test preparation under

Whole Blood.]

Test preparation—On the day of use, dilute Red Blood

Cells with 0.9% saline to a suspension of about the same

concentration as the Control preparations.

Procedure—On a suitable U-bottomed microtiter plate,

place 1 drop of 0.9% saline in each of three different wells

in a row (Blank Row). Place 1 drop from one of the lots of

Anti-A reagent in each of three different wells in a second

row. Place 1 drop from the second lot of Anti-A reagent in

each of three different wells in a third row. Repeat the same

with two different lots of Anti-B reagent and one lot of Anti-

A,B reagent in separate rows. To each row, add one drop of
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Control preparation A1, Control preparation B, and the Test

preparation in the first, second, and the third well, respec-

tively, of each row. Mix the contents of the wells by gently

tapping the sides of the plate. Centrifuge the plate at the ap-

propriate conditions established for the centrifuge. Resus-

pend the cell buttons by manually tapping the plate or

with the aid of a suitable mechanical shaker. Read the opti-

cal densities at different wells using a suitable automated

photometric microtiter plate reader. Compare the optical

density of each well in the Blank Row with the optical den-

sity of the wells to which the corresponding Control prepa-

ration A1, Control preparation B, or Test preparation were

added. [NOTE—A high optical density comparable to those

obtained for the wells in the Blank Row indicates negative

results (no hemagglutination), which can be corroborated by

visual observation of smooth suspensions. A low optical

density indicates positive results (hemagglutination), which

can be corroborated by visual observation of formation of

clumps.] The blood group of Red Blood Cells is A, B, or

O according to whether the Test preparation is hemaggluti-

nated by Anti-A reagent, Anti-B reagent, or neither, respec-

tively. The blood group of the Test preparation conforms to

the blood group indicated on the label. The test is not valid if

Control preparation A1 and Contol preparation B are not

agglutinated by Anti-A reagent and Anti-B reagent, respec-

tively, and both Control preparations are not agglutinated

by Anti-A,B reagent. The test is also not valid if the Test

preparation is not agglutinated by Anti-A,B reagent but is

agglutinated by either Anti-A reagent or Anti-B reagent, or

is agglutinated by Anti-A,B reagent but not by either Anti-A

reagent or Anti-B reagent.

B: Rh type—

Test 1:

Anti-D (Rho) reagent—Anti-D (Rho) blood grouping re-

agent approved for use in microtiter plate tests. Dilute, if

necessary, following the manufacturer’s instructions.

Test preparation—On the day of use, dilute Red Blood

Cells with 0.9% saline to obtain a 2% to 5% (v/v) suspen-

sion.

Procedure—On a suitable U-bottom microtiter plate,

place 1 drop each of 0.9% saline and Anti-D (Rho) reagent

in two separate wells. Label them as the B well (Blank) and

the T well, respectively. Add 1 drop of Test preparation to

each well, and mix by gently tapping the side of the plate.

Centrifuge the plate at appropriate conditions established for

the centrifuge. Resuspend the cell buttons by manually tap-

ping the plate or with the aid of a suitable mechanical sha-

ker. Read the optical densities of the wells using a suitable

automated photometric microtiter plate reader, and deter-

mine if the Red Blood Cells in the T well is agglutinated

as described under Identification test A. If the T well indi-

cates negative results (no hemagglutination), incubate the

plate at 378 for 15 minutes, centrifuge, resuspend the cells,

and read the optical densities of the wells as above. Agglu-

tination of cells after immediate-spin or after 378 incubation

indicates Rh positive typing of Red Blood Cells. The test is

valid if cells in the B well are not agglutinated. If the cells

are not agglutinated in the T well, proceed as directed in

Test 2.

Test 2:

Anti-D reagent—Use Anti-D blood grouping reagent ap-

proved for use for a weak D blood group test.

Antihuman globulin reagent—Use polyspecific or anti-

IgG antihuman globulin reagent. Dilute, if necessary, fol-

lowing the manufacturer’s instructions.
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Control preparation—Use IgG-coated red cells approved

for use as a control for Rh typing. Dilute with 0.9% saline to

obtain a 2% solution.

Test preparation—Prepare as directed for Test 1.

Procedure—Place 1 drop of 0.9% saline into a suitable

test tube and 1 drop of Anti-D reagent in another, and mark

them as the Blank and Anti-D, respectively. To each tube

add 1 drop of Test preparation, mix, and incubate at 378

for 15–30 minutes. Centrifuge the tubes at about 1000g

for 15–30 seconds. Gently resuspend the cell buttons, and

examine them for hemagglutination (formation of clump)

by visual examination. The Rh typing of Red Blood Cells

is positive or negative according to whether the cells in

Anti-D tube are agglutinated or not. If the cells are not ag-

glutinated, add 1 mL of 0.9% saline to the Anti-D tube, and

resuspend the cells. Centrifuge the tube at about 1000g for 1

minute and remove the saline completely. Repeat the step 2

to 3 times more to wash the Red Blood Cells. Add 1 drop of

0.9% saline and 1 to 2 drops of Antihuman globulin reagent

to the Anti-D tube. Mix gently, and centrifuge the tube at

about 1000g for 15–30 seconds. Gently resuspend the cell

button, add 1 drop of Control preparation, mix gently, cen-

trifuge as above, and examine for agglutination. The Rh

Type of the Test preparation conforms to the Rh Type indi-

cated on the label. The test is not valid if the cells in the

Anti-D tube are not agglutinated after addition of the Con-

trol preparation. Also, for the test to be valid, the cells in the

Blank tube are not agglutinated.
~USP27

Add the following:

~

Hemoglobin content—

Drabkin’s solution—Dissolve Drabkin’s reagent in a suit-

able volume of water, and add a suitable volume of a 30%

(w/v) polyoxyethylene (23) lauryl ether solution such that

the final concentrations of potassium cyanide, potassium

ferrocyanide, and polyoxyethylene (23) lauryl ether in the

solution are approximately 0.75 mM, 0.6 mM, and

0.015%, respectively. Store the solution in the dark between

188 to 268. [Caution—Drabkin’s reagent and Drabkin’s

solution contain cyanide and are HIGHLY TOXIC. Do not

inhale or swallow or allow contact with skin or with eyes.

Wear suitable protective clothing, gloves, and eye and face

protection. Do not mix with acids. Contact with acids liber-

ates a very toxic gas. If ingested, perform gastric lavage,

and immediately call a physician.]

Blank solution: water.

Standard solution A—Transfer about 300 mg USP Hemo-

globin RS, accurately weighed, to a 2-mL volumetric tube,

add 1 mL water, dissolve, dilute with water to volume, and

mix.

Standard solution B—Mix 50 mL of Standard solution A

with 25 mL of water.

Standard solution C—Mix 50 mL of Standard solution A

with 100 mL of water.

Test solution—Mix 50 mL of Red Blood Cells with 50 mL

of water.

Procedure—Label suitable tubes as B1, B2, SA1, SA2,

SB1, SB2, SC1, SC2, T1, and T2. Add 5.0 mL of Drabkin’s

solution to each tube. Add 20 mL of water to each of B1 and

B2, 20 mL of Standard solution A to each of SA1 and SA2,

20 mL of Standard solution B to each of SB1 and SB2, 20

mL of Standard solution C to each of SC1 and SC2, and 20

mL of Test solution to each of T1 and T2, rinsing the pipet tip

3 to 4 times with Drabkin’s solution, and mix. Allow to

stand for at least 15 minutes at room temperature.

[NOTE—Red Blood cells with appreciable carboxyhemo-

globin content such as those obtained from smokers may re-

quire longer reaction time. If the donor characteristics are

not known, the incubation time should be optimized prior

to testing.] Read the absorbances of the solutions against

the solution in tube B1 at 540 nm. The absorbance of the

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
436 IN-PROCESS REVISION Vol. 29(2) [Mar.–Apr. 2003]



solution in tube B2 is recorded at the end. The test is not

valid if the absorbance of the solution in tube B2 is not with-

in +0.005.

Calculations—Calculate the concentrations of hemoglo-

bin in Standard solution A, B, and C in mg per mL. Plot a

calibration curve of absorbance values against the hemoglo-

bin concentration by drawing a best-fit straight line using

the least-square linear regression analysis. From the absor-

bance value of the Test solution, obtain the concentration of

hemoglobin in the Test solution in mg per mL. Multiply the

value by 2 to obtain the concentration of hemoglobin in Red

Blood Cells in mg per mL. Calculate the total hemoglobin

content in the Red Blood Cells unit, in g, by the formula:

Conc. of hemoglobin (in mg/mL) 6 the volume of the Red

Blood Cells unit (in mL) /103.
~USP27

Add the following:

~

Leukocyte count—[NOTE—Perform at least six repeats of

the test.] Pipet 40 mL of a suitable red cell-lysing agent into a

clean test tube, add 100 mL of Red Blood Cells diluted with

0.9% saline, if necessary, such that the hematocrit of Red

Blood Cells is not greater than 60%. Mix by pipetting up

and down several times. Add 360 mL of 0.01% (w/v) crystal

violet in 15% (v/v) acetic acid into the mixture, and mix

thoroughly. Fit a hemocytometer with a 50-mL counting vol-

ume and a bright background, with a cover slip, and load the

counting chamber with the mixture until the counting area is

completely covered, but not overfull. Cover the counting

chamber with a suitable moist lid to prevent evaporation,

and allow to settle undisturbed for 10 to 15 minutes. Re-

move the lid, place the chamber on the stage of a light mi-

croscope fitted with 106 ocular lens and 206 objective.

Count the leukocytes in the entire 50-mL counting volume.

Calculate the leukocyte count in Red Blood Cells, expressed

in leukocytes per mL, by dividing the observed leukocyte

count by 10. Calculate the total number of leukocytes in

the Red Blood Cell unit by using the following formula:

Total leukocytes = leukocytes/mL 6 103 6 the volume of

the Red Blood Cells unit in mL.
~USP27

Add the following:

~

Adequacy of deglycerolization (for Red Blood Cells, De-

glycerolized)—Interrupt the last wash cycle of the deglyer-

olization process at a point where the wash fluid is visible in

the clear tubing segment leading to the waste receptacle.

Hold the tubing against a well-lighted, white background.

Note the coloration of the fluid in the tubing, and compare

it to a suitable hemolysis color comparator standard. The

color of the fluid should be no stronger than the block indi-

cating 3% hemolysis. [NOTE—If the level of hemolysis is

more than 3%, continue the wash process, and repeat the test

until the color is within acceptable limits.]
~USP27

BRIEFING

Simvastatin Tablets, USP 26 page 1684 and page 113 of PF
29(1) [Jan.–Feb. 2003]. It is proposed to revise the Dissolution test
to (1) specify the amount of prewashed manganese dioxide to be
used in preparing the Test solution, and (2) indicate in the Proce-
dure that the Standard solution should be treated in the same way
as the Test solution.

(BPC: M. Marques) RTS—39379-1

Change to read:
Dissolution h711i—

Medium: pH 7.0 buffer solution containing 0.5% dodecyl so-
dium

&sodium dodecyl&1

sulfate in 0.01 M sodium phosphate
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~

prepared by dissolving 30 g of sodium dodecyl sulfate and

8.28 g of monobasic sodium phosphate in 6000 mL of

water, and adjusting with 50% (w/v) sodium hydroxide

solution to a pH of 7.0
~USP27

; 900 mL.
Apparatus 2: 50 rpm.
Time: 30 minutes.
Prewashed manganese dioxide—Transfer 10 g of manganese di-

oxide to a suitable container, and treat as follows. Add 50 mL of
Dissolution Medium, and shake vigorously for 5 minutes. Centri-
fuge, decant the supernatant layer, and discard. Repeat twice, first
with Dissolution Medium and then with water. Dry the solid at
1008 for 1 hour before use.
Test solution—Transfer a filtered portion of the solution under

test to a centrifuge tube containing about 25
~

10
~USP27

mg of Prewashed manganese dioxide
~

per mL of transferred solution under test
~USP27

, and mix. Allow the mixture to stand for 30 minutes with occa-
sional shaking, centrifuge, and use a portion of the clear superna-
tant as the Test solution.
Blank—Proceed as directed for Test solution, except to use the

Dissolution Medium.
Procedure—Determine the amount of C25H38O5 dissolved from

the difference between the UV absorbances at the wavelengths of
maximum and minimum absorbance at about 247 nm and 257 nm,
respectively, on filtered portions of the Test solution, in comparison
with a Standard solution having a known concentration of USP
Simvastatin RS in the same Medium
~

treated in the same way as the solution under test
~USP27

, each solution corrected for the Blank.
Tolerances—Not less than 75% (Q) of the labeled amount of

C25H38O5 is dissolved in 30 minutes.

BRIEFING

Tobramycin Inhalation Solution, page 1446 of PF 28(5)
[Sept.–Oct. 2002]. Based on additional comments on this proposed
new monograph, several minor suggested modifications are pre-
sented. In the test for Absorbance the 1-cm size of the cell is given.
In the test for Chromatographic purity, the concentration of the
Standard solution is clarified to be exactly 1.10 mg of tobramycin
per mL. This obviates the need to state explicitly in the formula the
concentration of the USP Tobramycin Reference Standard taken
multiplied by its potency in mg of tobramycin per mg. This calcu-
lation is done "off-line" in preparing the Standard solution. In the
Procedure, the phrases "or any impurity with a relative retention
time of 0.66" and "or any impurity with a relative retention time
of 0.94" are deleted because they are redundant with respect to

the peaks for deoxystreptamine kanosaminide and nebramine,
the approximate retention times of which are given in the section
on Chromatographic system.

(PA7: W. Wright) RTS—39349-1

Add the following:

~Tobramycin Inhalation Solution

» Tobramycin Inhalation Solution is a sterile, non-

pyrogenic, preservative-free solution of Tobramy-

cin in Water for Injection containing Sodium

Chloride. It is prepared with the aid of Sulfuric

Acid or Sodium Hydroxide and contains, in each

mL, not less than 90.0 percent and not more than

110.0 percent of the labeled amount of tobramycin

(C18H37N5O9).

Packaging and storage—Preserve in low-density, poly-

ethylene, single-use ampules stored in light-resistant foil

over-pouches foil over-wrapped packaging, in a refrigerator.

USP Reference standards h11i—USP Endotoxin RS. USP

Tobramycin RS.

Absorbance—The absorbance of the Inhalation Solution

determined at 410 nm in a 1-cm cell is not more than 0.10

0.24.

Bacterial endotoxins h85i—It contains not more than 70

60 USP Endotoxin Units per mL.

Sterility h71i—It meets the requirements when tested as di-

rected for Membrane Filtration Method under Test Proce-

dures.

Minimum fill h755i: meets the requirements.

Uniformity of dosage units h905i: meets the requirements.

pH h791i: between 5.5 and 6.5.
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Particulate matter h788i: meets the requirements for

small-volume injections.

Osmolarity h785i: between 150 and 200 mOsm per liter

the osmolality is between 135 and 200 mOsm per kg.

Chromatographic purity—

Solution A—Prepare a filtered and degassed mixture of

water, acetonitrile, and phosphoric acid (95:5:0.08).

Solution B—Prepare a filtered and degassed mixture of

acetonitrile, water, and phosphoric acid (75:25:0.08).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Blank solution—Use water.

2,4-Dinitrofluorobenzene reagent and Tris(hydroxy-

methyl)aminomethane reagent—Proceed as directed in the

Assay under Tobramycin.

System suitability stock solution—Dissolve an accurately

weighed quantity of USP Tobramycin RS in water, and ad-

just with 1 N sulfuric acid to a pH of 6.0. Dilute with water

to obtain a solution having a known concentration of about

1.1 mg per mL. and adjust with 1 N sulfuric acid to a pH of

6.0.

System suitability solution 1—Dilute the System suitabil-

ity stock solution quantitatively, and stepwise if necessary,

with water to obtain a solution having a known concentra-

tion of about 0.22 mg per mL.

System suitability solution 2—Heat a portion of the Sys-

tem suitability stock solution in a sealed glass ampul suitable

sealed glass container at 1008 for 8 to 9 hours. Cool to room

temperature, and dilute with water to obtain a solution hav-

ing a known concentration of about 0.22 mg per mL.

Standard solution—Prepare a solution of about 55 mg of

USP Tobramycin RS, accurately weighed, in 50 mL of a

mixture of water and 1.0 N sulfuric acid (49:1) a 50-mL

volumetric flask. Dissolve in water, add 1.0 mL of 1.0 N sul-

furic acid, dilute with water to volume, and mix. Dilute

quantitatively, and stepwise if necessary, with water to ob-

tain a solution having a concentration of about 1.1 mg 1.10

mg of tobramycin per mL.

Test solution—Transfer an accurately measured volume of

Inhalation Solution, equivalent to about 240 mg of tobramy-

cin, to a 50-mL volumetric flask, dilute with water to vol-

ume, and mix. Dilute quantitatively, and stepwise if

necessary, with water to obtain a solution having a concen-

tration of about 192 mg of tobramycin per mL.

Derivatization procedure—Proceed as directed in the As-

say under Tobramycin. The solutions thus obtained are De-

rivatized system suitability solution 1, Derivatized system

suitability solution 2, the Derivatized standard preparation,

the Derivatized test preparation, and the Derivatized blank

solution. [NOTE—Heat all solutions at the same temperature

and for the same duration as indicated. Move all flasks to

and from the 608 constant-temperature bath at the same

time.] To separate 50-mL flasks transfer 4.0 mL 15.0 mL

of System suitability solution 1, 4.0 mL 15.0 mL of System

suitability solution 2, 4.0 mL 15.0 mL of Standard solution,

4.0 mL 15.0 mL of Test solution, and 4.0 mL 15.0 mL of

Blank solution. To each flask, add 1.0 mL 10 mL of 2,4-Di-

nitrofluorobenzene reagent and 10 mL of Tris(hydroxy-

methyl)aminomethane reagent, shake, and insert the

stopper. Place the flasks in a constant-temperature bath at

60 + 28, and heat for 50 + 5 minutes. Remove the flasks

from the bath, and allow to stand for 10 minutes. Add ace-

tonitrile to about 2 mL below the 50-mL mark, allow to cool

to room temperature, dilute with acetonitrile to volume, and

mix. Allow the solutions to stand for 16 hours. The solutions

thus obtained are Derivatized system suitability solution 1,
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Derivatized system suitability solution 2, the Derivatized

standard solution, the Derivatized test solution, and the De-

rivatized blank solution.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 365-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing

L11. The flow rate is about 1.2 mL per minute. The chro-

matograph is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0 79 21 equilibration

0–14 79?66 21?34 linear gradient

14–25 66?30 34?70 linear gradient

25–35 30 70 isocratic

35–40 30?20 70?80 linear gradient

40–50 20?5 80?95 linear gradient

Chromatograph the Derivatized standard preparation, and

record the peak responses as directed for Procedure: the ca-

pacity factor, k’, for tobramycin is not less than 15.5; and the

relative standard deviation for replicate injections is not

more than 2.0%. Chromatograph Derivatized system suit-

ability solution 1, and use the chromatogram to locate any

degradation peaks obtained from Derivatized system suit-

ability solution 2. Chromatograph Derivatized system suit-

ability solution 2, and record the peak responses as directed

for Procedure: the relative retention times are about 0.36

and 1.04 for unknown impurities, 0.66 for deoxystreptamine

kanosaminide, 0.73 and 0.74 for carbamyl tobramycin, 0.89

for neamine, 0.94 for nebramine, 0.96 for kanamycin B, and

1.0 for tobramycin; the resolution between the deoxystrep-

tamine kanosaminide peak and the nearest peak, which has a

signal-to-noise ratio greater than 10, is not less than 1.0; the

resolution between the nebramine and kanamycin B peaks is

not less than 1.0; and the capacity factor, k’, for tobramycin

is not less than 15.5. Chromatograph Derivatized system

suitability solution 2, and record the peak responses as di-

rected for Procedure: the capacity factor, k’, determined

from tobramycin is not less than 15.5. Chromatograph De-

rivatized system suitability solution 1, and use the chroma-

togram to locate the degradation peaks from comparison to

Derivatized system suitability solution 2 (deoxystreptamine

kanosaminide and nebramine will increase in response in

Derivatized system suitability solution 2 when viewed at a

1–10 mAbs unit 0–10 mAbs unit or 0–5 mV unit full scale).

Record the peak responses as directed for Procedure: the

relative retention times are about 0.36 for an impurity,

0.66 for deoxystreptamine kanosaminide, 0.94 for nebra-

mine, 0.96 for kanamycin B, and 1.00 for tobramycin. For

both the deoxystreptamine kanosaminide and nebramine

peaks, the nearest peak with a signal-to-noise ratio of not

less than 10 produces a resolution, R, not less than or equal

to 1.0. The resolution, R, between the nebramine and kana-

mycin peaks is not less than 1.0. The relative standard de-

viation for replicate injections of the Derivatized standard

solution is not more than 2.0%.

Procedure—Separately inject equal volumes (about 45

mL) of Derivatized system suitability solution 1, Derivatized

system suitability solution 2, the Derivatized standard solu-

tion, the Derivatized test solution, and the Derivatized blank

solution, record the chromatograms, and measure the peak

responses, disregarding any peak corresponding to those ob-

tained from the Derivatized blank solution, and subtracting

the quantities of any such peaks found at the relative reten-

tion times of 0.36, 0.66, and 0.94 from those found in the

Derivatized test solution. For unknown peak determina-

tions, disregard any peaks found in the chromatogram of

the Derivatized test solution that correspond to those in

the chromatogram of Derivatized system suitability solution
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1. Calculate the quantity, in mg, percentage of each impurity

per mL of in relation to the tobramycin content of the Inha-

lation Solution taken by the formula:

(5000/16)CE(ri / rS),

(110/192)(ri / rS),

in which C is the concentration, in mg per mL, of USP To-

bramycin RS in the Standard solution; E is the tobramycin

equivalent, in mg per mg, of USP Tobramycin RS; ri is the

peak area of any impurity obtained from the Derivatized test

solution; and rS is the peak area for tobramycin obtained

from the Derivatized standard solution: not more than

0.25% of 0.25% of the impurity noted at a relative retention

time of 0.36, not more than 0.3% of deoxystreptamine ka-

nosaminide or any impurity with a relative retention time of

0.36 0.66 is found; not more than 0.3% each of the impurity

with a relative retention time of 1.04, deoxystreptamine ka-

nosaminide, neamine, and nebramine is found; not more

than 1.0% of carbamyl tobramycin is found; not more than

0.5% kanamycin B is found; and not more than 3.0% of total

impurities is found. not more than 0.4% of nebramine or any

impurity with a relative retention time of 0.94 is found; not

more than 0.1% of any unknown impurity is found; not

more than 0.2% of total unknown impurities is found; and

not more than 1.0% of total impurities is found.

Content of sodium chloride—Pipet 25 mL of Inhalation

Solution into a suitable container. Add between 70 and

100 mL of water. Add 10 mL of an acidic gelatin solution,

prepared by dissolving 2 g of gelatin and 50 mL of nitric

acid in 1000 mL of water. Titrate potentiometrically with

0.1 N silver nitrate VS using a suitable silver electrode:

not less than 90.0% and not more than 110.0% of the labeled

amount of sodium chloride is found.

Other requirements—It meets the requirements for the

Identification tests under Tobramycin.

Assay—

Mobile phase, 2,4-Dinitrofluorobenzene reagent,

Tris(hydroxymethyl)aminomethane reagent, Standard

preparation, Derivatization procedure, Resolution

solution, and Chromatographic system—Proceed as direc-

ted in the Assay under Tobramycin.

Assay preparation—Transfer an accurately measured vol-

ume of Inhalation Solution to a suitable volumetric flask,

and quantitatively dilute with water to obtain a solution hav-

ing a concentration of about 200 mg per mL 192 mg of

tobramycin per mL.

Procedure—Proceed as directed in the Assay under To-

bramycin. Calculate the quantity, in mg, of tobramycin

(C18H37N5O9) in each mL of Inhalation Solution taken by

the formula:

(CE)(L/D)(rU / rS),

in which C, E, rU , and rS are as defined therein; L is the la-

beled quantity, in mg, of tobramycin per mL in the Inhala-

tion Solution taken; and D is the concentration, in mg per

mL, of tobramycin in the Assay preparation.
~USP27

BRIEFING

Urea C 13 for Oral Solution, USP 26 page 336. It has been
reported that the constituted solution is not sterile. The Radiophar-
maceuticals and Medical Imaging Committee, therefore, proposes
to revise the monograph accordingly. The proposed test for Micro-
bial limits h61i is that recommended by the Analytical Microbiol-
ogy Committee for oral solutions.

(RMI: F. Barletta) RTS—39442-1

Change to read:

» Urea C 13 for Oral Solution is a dry, sterile

~

~USP27

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
Vol. 29(2) [Mar.–Apr. 2003] IN-PROCESS REVISION 441



powder prepared from Urea C 13. It contains not less
than 90.0 percent and not more than 110.0 percent of
the labeled amount of urea C13 (13CH4N2O). It contains
no preservatives.

Add the following:

~

Microbial limits h61i—The total aerobic microbial count

does not exceed 1000 cfu per g, the total combined molds

and yeasts count does not exceed 100 cfu per g, and it meets

the requirements for the absence of Salmonella species and

Eschericha coli.
~USP27

Change to read:
Other requirements—It meets the requirements for Identification
tests A and B under Urea and for the Assay under Urea C 13, and it
meets the requirements under Sterility Tests h71i
~

~USP27

and for packaged solids under Uniformity of Dosage Units h905i.

BRIEFING

Verteporfin, page 132 of PF 29(1) [Jan.–Feb. 2003]. In the ab-
sence of any significant adverse comment, it is proposed to imple-
ment this monograph via the Fourth Interim Revision
Announcement pertaining to USP 26–NF 21, with an official date
of August 1, 2003.

(PA6: L. Evans) RTS—39485-1

Add the following:

.Verteporfin

C41H42N4O8 718.79

23H,25H-Benzo[b]porphine-9,13-dipropanoic acid, 18-

ethenyl-4,4a-dihydro-3,4-bis(methoxycarbonyl)-

4a,8,14,19-tetramethyl-, monomethyl ester, trans.

(+)-trans-3,4-Dicarboxy-4,4a-dihydro-4a,8,14,19-tetra-

methyl-18-vinyl-23H,25H-benzo[b]porphine-9,13-di-

propanoic acid, 3,4,9-trimethyl ester mixture with (+)-

trans-3,4-dicarboxy-4,4a-dihydro-4a,8,14,19-tetra-

methyl-18-vinyl-23H,25H-benzo[b]porphine-9,13-di-

propionic acid , 3 ,4 ,13- t r imethyl es te r

[129497-78-5].

» Verteporfin contains not less than 94.0 percent

and not more than 102.0 percent of C41H42N4O8,

calculated on the anhydrous basis.

Caution—Verteporfin is a light-activated drug used in

photodynamic therapy. Care should be taken to avoid con-

tact with eyes and skin.

Packaging and storage—Preserve in tight containers, and

store in a freezer.

USP Reference standards h11i—USP Endotoxin RS. USP

Verteporfin RS.

Identification—

A: Infrared Absorption h197Mi.

B: The retention times of the two major peaks in the

chromatogram of the Assay preparation correspond to those

in the chromatogram of the Standard preparation, as ob-

tained in the Assay.

Microbial limits h61i—The total aerobic microbial count

does not exceed 100 cfu per g.

Bacterial endotoxins h85i: not more than 0.5 USP Endo-

toxin Unit per mg of verteporfin.

Water, Method Ic h921i: not more than 3.0%1.4%.

Residue on ignition h281i: not more than 0.2%.
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Heavy metals, Method I h231i: 0.002%.

Related compounds and regioisomer ratio—

Solution A, Solution B, andMobile phase—Proceed as di-

rected in the Assay.

Test solution—Prepare as directed for Assay preparation

in the Assay.

Chromatographic system—Proceed as directed in the As-

say. To evaluate the system suitability requirements, use the

Standard preparation prepared as directed in the Assay.

Procedure—Inject a volume (about 20 mL) of the Test

solution into the chromatograph, record the chromatograms,

and measure the peak responses. Calculate the percentage of

each related compound in the portion of Verteporfin taken

by the formula:

100(ri / rs),

in which ri is the individual peak response of each related

compound; and rs is the sum of the responses of all of the

peaks. Not more than 0.6% of the peak having a retention

time of about 0.56 relative to that of the first verteporfin iso-

mer peak is found, not more than 0.8% of any other indivi-

dual related compound is found, and the sum of all

impurities is not more than 3.6% 4.0%.

Calculate the ratio of the peak responses for the two peaks

assigned to verteporfin: not less than 0.9 and not more than

1.1.

Organic volatile impurities, Method I h467i: meets the re-

quirements.

Limit of methylene chloride—Use the procedure forMeth-

od 1 under Organic Volatile Impurities h467i, with the fol-

lowing exceptions:

Standard solution: 50 mg of methylene chloride per mL in

dimethylformamide.

Test solution: 10 mg of Verteporfin per mL in dimethyl-

formamide.

Limit: not more than 5,000 mg per g of Verteporfin (0.5%).

Assay—

Solution A—Prepare a filtered and degassed solution con-

taining mixture of 1% (w/wv) aqueous ammonium sulfate

solution in a mixture of water, acetonitrile, acetic acid,

and 3.6 M sulfuric acid (10:10:1:0.027).

Solution B—Prepare a filtered and degassed solution con-

taining mixture of 1% (w/wv) aqueous ammonium sulfate,

solution in a mixture of water, acetonitrile tetrahydrofuran,

acetic acid, and 3.6 M sulfuric acid (10:10:1:0.034).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Verteporfin RS in a mixture of water, tetra-

hydrofuran, and acetonitrile (4:3:3) to obtain a solution con-

taining 0.25 mg per mL. To a suitable volumetric flask,

transfer an accurately weighed quantity of USP Verteporfin

RS sufficient to make a 0.25 mg per mL solution. Add a vol-

ume of a mixture of acetonitrile and tetrahydrofuran (1:1)

equivalent to 60% of the flask volume, and dissolve. Dilute

with water to volume, and mix. [NOTE—Protect the solution

from light.]

Assay preparation—Transfer about 25 mg of Verteporfin,

accurately weighed, to a 100-mL volumetric flask. dissolve

in and dilute with a mixture of water, tetrahydrofuran, and

acetonitrile (4:3:3) to volume, and mix. Add 60 mL of a

mixture of acetonitrile and tetrahydrofuran (1:1), and dis-

solve. Dilute with water to volume, and mix. [NOTE—Pro-

tect the solution from light.]

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 410-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing
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L1. The flow rate is 1.5 mL per minute. The column tem-

perature is maintained at 308. The chromatograph is pro-

grammed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–60 80 20 isocratic

60–90 80?60 20?40 linear gradient

90–91 60 40 isocratic

91–120 60?30 40?70 linear gradient

120–121 30 70 isocratic

121–125 30?0 70?100 linear gradient

125–137 0 100 isocratic

137–140 0?80 100?20 linear gradient

140–150 80 20 isocratic

Chromatograph the Standard preparation, and record the

peak responses as directed for Procedure: the resolution,

R, between the two verteporfin peaks is not less than 2.5;

the tailing factor is not more than 1.3; and the relative stan-

dard deviation for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the responses for the verteporfin peaks. Calculate

the quantity, in mg, of C41H42N4O8 in the portion of Verte-

porfin taken by the formula:

100C(rU / rS),

in which C is the concentration, in mg per mL, of USP Ver-

teporfin RS in the Standard preparation; and rU and rS are

the sums of the peak responses of the two verteporfin regioi-

somer peak responses obtained from the Assay preparation

and the Standard preparation, respectively.

Calculate the ratio of the peak responses for the two peaks

assigned to verteporfin: not less than 0.9 and not more than

1.1..4

BRIEFING

Water for Injection, USP 26 page 1938 and page 1454 of PF
28(5) [Sept.–Oct. 2002]. Based upon comments received, the Phar-
maceutical Water Expert Committee revises its proposal to provide
more clarity in the purification processes in the Definition.

(PW: F. Barletta) RTS—39333-1

Add the following:

&NOTE—For microbiological, chemical, and process gui-

dance see general information chapter Water for Pharma-

ceutical Purposes h1231i&1
Change to read:

»Water for Injection is water purified by distillation or
by reverse osmosis.

other suitable process.~a purification process that

is equivalent or superior to distillation in the re-

moval of chemicals and microorganisms.
~USP27

It is prepared from water complying with the U.S. En-
vironmental Protection Agency National Primary
Drinking Water Regulations or comparable regulations
of the European Union or Japan. It contains no added
substance.
NOTE—Water for Injection is intended for use in the

preparation of parenteral solutions. Where used for the
preparation of parenteral solutions subject to final ster-
ilization, use suitable means to minimize microbial
growth, or first render the Water for Injection sterile
and thereafter protect it from microbial contamination.
For parenteral solutions that are prepared under aseptic
conditions and are not sterilized by appropriate filtra-
tion or in the final container, first render the Water for
Injection sterile and, thereafter, protect it from micro-
bial contamination. The tests for Total organic carbon
andConductivity apply toWater for Injection produced
on site for use in manufacturing. Water for Injection
packaged in bulk for commercial use elsewhere meets

&the requirement of the test for Bacterial endotox-

ins as indicated below and&2
the requirements of all the tests under Sterile Purified
Water, except Labeling.

Delete the following:
&Other requirements—It meets the requirements of all of the
tests under Purified Water.&2

Add the following:

&Total organic carbon h643i: meets the requirements.&2
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Add the following:

&Water conductivity h645i: meets the requirements.&2

BRIEFING

Whole Blood, USP 26 page 263—See briefing under Red Blood
Cells.

(BBP: L. Bhattacharyya) RTS—39341-1

Change to read:

»Whole Blood conforms to the regulations of the fed-
eral Food and Drug Administration concerning biolo-
gics (640.1 to 640.7)
~(21 CFR 640.1 to 640.6)

~USP27

(see Biologics h1041i). It is blood that has been col-
lected from suitable whole blood

~

~USP27

human donors under rigid aseptic precautions, for
transfusion to human recipients. It contains citrate
ion (acid citrate dextrose or citrate phosphate dextrose
or citrate phosphate dextrose with adenine) or Heparin
Sodium as an anticoagulant. It may consist of blood
from which the antihemophilic factor has been re-
moved, in which case it is termed ‘‘Modified.’’ It meets
the requirements of tests made on a pilot sample in
nonreacting in a serologic test for syphilis; for ABO
blood group designation; and for classification in re-
gard to Rh type, including those tests specified for var-
iants and other related factors. Containers of Whole
Blood shall not be entered for sterility testing prior
to use of the blood for transfusion. [NOTE—Whole
Blood may be issued prior to the results of testing, un-
der the specified provisions.]
~or for further processing into one or more of its

components for transfusion. It contains a citrate-

based anticoagulant. Whole Blood must be tested

for syphilis, hepatitis B, and human T-cell virus

Type 1 and Type 2, and unexpected antibodies

to red cell antigens using approved commercially

available test kits, the results of which must be be-

low the limits of detection specified in the respec-

tive test kits. In addition, Whole Blood must also

be tested for hepatitis C and for antibodies to HIV

using a nucleic acid assay, the results of which

must be below the approved limits of detection

for the procedure. A unit (dose) of Whole Blood

contains a minimum of 50 g (based on a minimum

donor hematocrit of 38%) of hemoglobin in a total

volume of 450 mL +10% or 500 mL +10% as

indicated on the label. Whole Blood may be

further processed by filtration for removal of leu-

kocytes, in which case the quantity of residual leu-

kocytes in the unit of Whole Blood must be less

than 5 6 106.
~USP27

Change to read:
Packaging and storage—Preserve in the container into which it
was originally drawn. Use pyrogen-free, sterile containers of color-
less, transparent, Type I or Type II glass, or of a suitable plastic
material (see Transfusion and Infusion Assemblies h161i). The
container is provided with a hermetic contamination-proof closure.
Accessory equipment supplied with the blood is sterile and pyro-
gen-free (see Transfusion and Infusion Assemblies h161i). Store at
a temperature between 18 and 68 held constant within a 28 range,
except during shipment, when the temperature may be between 18
and 108. The container of Whole Blood is accompanied by at least
one securely attached smaller container holding an original pilot
sample of blood, for test purposes, taken at the same time from
the same donor, with the same anticoagulant. Both containers bear
the donor’s identification symbol or number.
~

Collect into an approved container (see Transfusion and

Infusion Assemblies h161i) containing a sterile, pyrogen-

free approved anticoagulant (see Anticoagulant Citrate

Dextrose Solution, Anticoagulant Citrate Phosphate Dex-

trose Solution, or Anticoagulant Citrate Phosphate Dex-

trose Adenine Solution). Store Whole Blood in the

original container, or transfer to an equivalent one using a

technique that does not compromise sterility. Whole Blood

is stored at a temperature between 18 and 68 unless platelets

are to be prepared, in which case the blood is stored for no
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longer than 6 hours following collection at a temperature be-

tween 208 to 248 (see General Notices and Require-

ments).
~USP27

Change to read:
Expiration date—Its expiration date is not later than 21 days after
the date of bleeding the donor, if it contains anticoagulant citrate
dextrose solution or anticoagulant citrate phosphate dextrose solu-
tion, as the anticoagulant; or not later than 35 days if it contains
anticoagulant citrate phosphate dextrose adenine solution as the
anticoagulant; or not later than 48 hours after date of bleeding
the donor, if it contains heparin ion as the anticoagulant.
~

Whole Blood collected in Anticoagulant Citrate Dextrose

Solution or Anticoagulant Citrate Phosphate Dextrose Solu-

tion may be stored for up to 21 days at 18 to 68 after the

blood has been drawn. Whole Blood collected in Anticoag-

ulant Citrate Phosphate Dextrose Adenine Solution may be

stored for up to 35 days at 18 to 68. If the hermetic seal of the

container is broken during collection, preparation, or further

processing, the expiration date is not later than 24 hours

after the seal is broken, but not to exceed the original expira-

tion date of the unit.
~USP27

Change to read:
Labeling—Label it to indicate the donor classification, quantity
and kind of anticoagulant used and the corresponding volume of
blood, the designation of ABO blood group and Rh factors, and
in the case of Group O blood, whether or not isoagglutinin titers
or other tests for exclusion of specified Group O bloods were per-
formed and to indicate any group classification of the blood result-
ing therefrom. If an ABO blood group color scheme is used, the
labeling color used shall be: Group A (yellow), Group B (pink),
Group O (blue), and Group AB (white). Label it also with the type
and result of a serologic test for syphilis, or to indicate that it was
nonreactive in such test; and with the type and result of a test for
hepatitis B surface antigen, or to indicate that it was non-reactive in
such test. If it has been issued prior to determination of test results,
label it also with a warning not to use it until the test results have
been received and to specify that a crossmatch be performed.
Where applicable, label it as ‘‘Modified,’’ and indicate that antihe-
mophilic factor has been removed and that it should not be used for
patients requiring that factor.
~

Label the container to indicate the volume of the Whole

Blood collected from the donor, the collection date, the do-

nation number or other coding means to uniquely identify

the unit and to provide traceability to the donor, and its ex-

piration date. Label it to indicate the type of anticoagulant

used to collect it. Label it also to identify donor status (i.e.,

volunteer or paid). Label it also with the following state-

ments: "See Circular of Information for indications, contra-

indications, cautions, and methods of infusion."; "Properly

identify recipient."; and "Caution: Rx only." Label it to in-

dicate the ABO group and Rh type, as indicated in Table 1.

[NOTE—EachWhole Blood product must have a determina-

tion made as to its ABO group and Rh type.] If an ABO

blood group color scheme is used, use the following label-

ing color: Group A (yellow), Group B (pink), Group O

(blue), and Group AB (white). Label Whole Blood with

the type and results of tests for adventitious agents. If it

has been issued prior to determination of the test results, la-

bel it also with a warning not to use it until the test results

have been received and to further specify that a cross-match

must be performed. If the unit of Whole Blood was filtered

to reduce leukocytes, label it as ‘‘Whole Blood, Leukocyte

Reduced.’’
~USP27

Table 1.

ABO Group Rh Type

A Positive

A Negative
B Positive
B Negative
A,B Positive
A,B Negative
O Positive
O Negative

Add the following:

~

USP Reference standards h11i—USP Hemoglobin

RS.
~USP27

Add the following:

~

Visual inspection—Inspect visually during storage and

immediately prior to use. If the color or physical appearance

is abnormal or there is any indication or suspicion of micro-

bial contamination, the unit is unsuitable for transfu-

sion.
~USP27
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Add the following:

~

Identification—

A: ABO blood group—

Anti-A reagent, Anti-B reagent, Anti-A,B reagent,

Control preparations, and Procedure—Proceed as directed

under Red Blood Cells.

Test preparation—Centrifuge at 48 a suitable volume of

Whole Blood at 5000g for 5 minutes. Remove the plasma

from the top taking care not to disturb the pellet of red blood

cells at the bottom. Add 0.9% saline to obtain a final volume

that is about equal to the volume of Whole Blood. Resus-

pend the pellet, and centrifuge as above. Repeat the proce-

dure once more. Dilute the red blood cells with 0.9% saline

to a suspension to obtain a concentration of red blood cells

that is about the same as those of the Control preparations.

B: Rh type—

Test 1:

Anti-D (Rho) reagent and Procedure—Proceed as directed

under Red Blood Cells.

Test preparation—Prepare as directed for Identification

test A under Red Blood Cells.

Test 2:

Anti-D reagent, Antihuman globulin reagent, Control

preparation, and Procedure—Proceed as directed under

Red Blood Cells.

Test preparation—Prepare as directed for Test 1.
~USP27

Add the following:

~

Hemoglobin content—Proceed as directed under Red

Blood Cells, except to use 20 mL of Whole Blood (without

dilution) as the Test solution. Calculate the hemoglobin con-

centration in Whole Blood from the calibration curve as di-

rected under Red Blood Cells, except do not multiply

by 2.
~USP27

Add the following:

~

Leukocyte count (for units labeled as Whole Blood,

Leukocyte Reduced)—Proceed as directed under Red Blood

Cells, except to use 100 mL of Whole Blood.
~USP27

BRIEFING

Zileuton, page 3335 of PF 27(6) [Nov.–Dec. 2001]. To conform
to the policy established by the USP Packaging, Storage, and Dis-
tribution Expert Committee, it is proposed to revise the Packaging
and storage statement to specify that storage conditions must be
maintained at room temperature.

(PA1: K. Russo) RTS—39468-1

Add the following:

&Zileuton

C11H12N2O2S 236.30 236.29

Urea, N-(1-benzo[b]thien-2-ylethyl)-N-hydroxy-, (+)-.

(+)-1-(1-Benzo[b]thien-2-ylethyl)-1-hydroxy-

urea [111406-87-2].

» Zileuton contains not less than 98.5 percent and

not more than 101.5 percent of C11H12N2O2S, cal-

culated on the anhydrous basis.

Change to read:

Packaging and storage—Preserve in tight, light-resistant

containers
~

, and store at room temperature.
~USP27
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USP Reference standards h11i—USP Zileuton RS. USP

Zileuton Related Compound A RS. USP Zileuton Related

Compound B RS. USP Zileuton Related Compound C RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

Specific rotation h781Si: between –0.58 and +0.58.

Test solution: 10 mg per mL, in methanol.

Water, Method I h921i: not more than 1.5%.

Residue on ignition h281i: not more than 0.2%.

Heavy metals, Method II h231i: 0.002%.

Chromatographic purity—

TEST 1—

Buffer solution—Prepare as directed in the Assay.

Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and Buffer solution Buffer solution and acetoni-

trile (82:18). Make adjustments if necessary (see System

Suitability under Chromatography h621i).

System suitability solution—Dissolve accurately weighed

quantities of USP Zileuton RS and USP Zileuton Related

Compound A RS in acetonitrile, and dilute quantitatively,

and stepwise if necessary, to obtain a solution having a

known concentration of about 5 mg of each USP Reference

Standard per mL.

Standard solution—Dissolve an accurately weighed

quantity of USP Zileuton RS in acetonitrile to obtain a solu-

tion having a known concentration of about 10 mg per mL.

Test solution—Transfer about 125 mg of Zileuton, ac-

curately weighed, to a 50-mL volumetric flask, dissolve in

and dilute with acetonitrile to volume, and mix.

Chromatographic system—Prepare as directed in the As-

say, except to use a flow rate of 2.2 mL per minute. Chro-

matograph the System suitability solution, and record the

peak responses as directed for Procedure: the resolution,

R, between zileuton and zileuton related compound A is

not less than 1.5; and the relative standard deviation for rep-

licate injections is not more than 5.0%.

Procedure—Separately inject equal volumes (about 20

mL) of the Standard solution and the Test solution into the

chromatograph, and measure the areas for the major peaks.

Calculate the percentage of each impurity in the portion of

Zileuton taken by the formula:

100F(CS /CU)(ri / rS),

in which F is the relative response factor for each impurity,

which is 1.0 for any peak with a relative retention time of

0.5, 0.7, 1.2, 1.6, 3.2, or 3.4, and is 1.2, 1.4, and 1.7 for

peaks with relative retention times of 0.8, 2.1, and 2.8, re-

spectively; CS is the concentration, in mg per mL, of USP

Zileuton RS in the Standard solution; CU is the concentra-

tion, in mg per mL, of zileuton in the Test solution;ri is the

peak response for each impurity obtained from the Test solu-

tion; and rS is the peak response for zileuton obtained from

the Standard solution: not more than 0.1% of any individual

impurity with a relative retention time of 0.7, 0.8, 1.6, 2.1,

3.2, or 3.4 is found; not more than 0.2% of any individual

impurity with a relative retention time of 0.5 or 1.2 is found;

and not more than 0.3% of any individual impurity with a

relative retention time of 2.8 is found.

TEST 2—

Perchloric acid solution—Dissolve 5.0 mL of perchloric

acid in 1000 mL of water.

Mobile phase—Prepare a filtered and degassed mixture of

Perchloric acid solution and acetonitrile (1:1). Make adjust-

ments if necessary (see System Suitabil i ty under

Chromatography h621i).
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Standard stock solution—Dissolve an accurately weighed

quantity of USP Zileuton Related Compound B RS in ace-

tonitrile to obtain a solution having a known concentration

of about 0.25 mg per mL. Transfer 5.0 mL of this solution to

a 50-mL volumetric flask, dilute with acetonitrile to volume,

and mix.

System suitability solution—Dissolve an accurately

weighed quantity of USP Zileuton Related Compound C

RS in acetonitrile to obtain a solution having a known con-

centration of about 10 mg per mL. Transfer 5.0 mL of this

solution and 5.0 mL of the Standard stock solution to a 50-

mL volumetric flask, dilute with acetonitrile to volume, and

mix.

Standard solution—Transfer 5.0 mL of the Standard

stock solution to a 50-mL volumetric flask, dilute with ace-

tonitrile to volume, and mix.

Test solution—Proceed as directed for Test solution under

Test 1.

Chromatographic system—Prepare as directed in the As-

say. Chromatograph the System suitability solution, and re-

cord the peak responses as directed for Procedure: the

resolution, R, between zileuton related compound B and zi-

leuton related compound C is not less than 20. Chromato-

graph the Standard solution , and record the peak

responses as directed for Procedure: the relative standard

deviation for replicate injections is not more than 5.0%.

Procedure—Separately inject equal volumes (about 50

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

areas for the major peaks. Calculate the percentage of each

impurity in the portion of Zileuton taken by the formula:

100(CS /CU)(ri / rS),

in which CS is the concentration, in mg per mL, of USP Zi-

leuton Related Compound B RS in the Standard solution;

CU is the concentration, in mg per mL, of zileuton in the Test

solution; ri is the peak response for each impurity obtained

from the Test solution; and rS is the peak response for zileu-

ton related compound B obtained from the Standard solu-

tion: not more than 0.1% of any individual impurity is

found; and not more than 0.7% of total impurities is found,

the results for Test 1 and Test 2 being added.

Assay—

Buffer solution—Dissolve 7.7 g of ammonium acetate and

0.25 g of acetohydroxamic acid in about 900 mL of water in

a 1000-mL volumetric flask, adjust with perchloric acid to a

pH of 2.0, dilute with water to volume, and mix.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution and acetonitrile (72:28). Make adjustments

if necessary (see System Suitability under Chromatography

h621i).

Internal standard preparation—Transfer about 30 mg of

methylparaben, accurately weighed, to a 100-mL volu-

metric flask, dissolve in and dilute with acetonitrile to vol-

ume, and mix.

Standard stock preparation—Dissolve an accurately

weighed quantity of USP Zileuton RS in acetonitrile to ob-

tain a solution having a known concentration of about 1 mg

per mL.

Standard preparation—Transfer 5.0 mL of the Standard

stock preparation and 4.0 mL of the Internal standard prep-

aration to a 50-mL volumetric flask, dilute with acetonitrile

to volume, and mix.

Assay preparation—Transfer about 100 mg of Zileuton,

accurately weighed, to a 100-mL volumetric flask, dissolve

in and dilute with acetonitrile to volume, and mix. Transfer

5.0 mL of this solution and 4.0 mL of the Internal standard

preparation to a 50-mL volumetric flask, dilute with aceto-

nitrile to volume, and mix.
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Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 260-nm detec-

tor and a 4.6-mm 6 30-cm column that contains 10-mm

packing L1. The flow rate is about 1.5 mL per minute. Chro-

matograph the Standard preparation, and record the peak

responses as directed for Procedure: the resolution, R, be-

tween zileuton and methylparaben is not less than 5.0; the

tailing factor is not more than 1.3; and the relative standard

deviation for replicate injections is not more than 0.6%.

Procedure—Separately inject equal volumes (about 20

mL) of the Assay preparation and the Standard preparation

into the chromatograph, record the chromatograms, and

measure the peak areas. Calculate the quantity, in mg, of

C11H12N2O2S in the portion of Zileuton taken by the for-

mula:

1000C(RU /RS),

in which C is the concentration, in mg per mL, of USP Zi-

leuton RS in the Standard preparation; and RU and RS are

the peak area ratios obtained from the Assay preparation

and the Standard preparation, respectively.&1

BRIEFING

Excipients, USP and NF Excipients, Listed by Category, NF
21 page 2679 and page 135 of PF 29(1) [Jan.–Feb. 2003]. The pro-
posed revisions complement the proposed new monographsGellan
Gum, Glyceryl Distearate, Glyceryl Monolinoleate, and Glyceryl
Monooleate, which appear elsewhere in this number of PF.

(EMC) RTS—39387-1; 39447-1; 39448-1; 39449-1

Change to read:
Antimicrobial Preservative

Benzalkonium Chloride
Benzalkonium Chloride Solution
Benzethonium Chloride
Benzoic Acid
Benzyl Alcohol
Butylparaben

~

Cetrimonium Bromide
~NF22

Cetylpyridinium Chloride
Chlorobutanol
Chlorocresol
Cresol
Ethylparaben
Methylparaben
Methylparaben Sodium
Phenol

&2-Phenoxyethanol&2

Phenylethyl Alcohol
Phenylmercuric Acetate
Phenylmercuric Nitrate
Potassium Benzoate
Potassium Sorbate
Propylparaben
Propylparaben Sodium
Sodium Benzoate
Sodium Dehydroacetate
Sodium Propionate
Sorbic Acid
Thimerosal
Thymol

Change to read:
Coating Agent

Carboxymethylcellulose Sodium
Cellacefate (formerly Cellulose Acetate Phthalate)
Cellulose Acetate

&Cellulose Acetate Butyrate&2

Cellulose Acetate Phthalate (see Cellacefate)

&Copovidone&2

&Corn Syrup Solids&2

Ethylcellulose
Ethylcellulose Aqueous Dispersion
Gelatin
Glaze, Pharmaceutical
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose
Hydroxypropyl Methylcellulose Phthalate (see Hypromellose
Phthalate)

~

Hypromellose
~NF22

~

Hypromellose Acetate Succinate
~NF22

Hypromellose Phthalate (formerly Hydroxypropyl Methyl-
cellulose Phthalate)

Methacrylic Acid Copolymer
Methacrylic Acid Copolymer Dispersion
Methylcellulose
Polyethylene Glycol
Polyvinyl Acetate Phthalate
Shellac

&Starch, Pregelatinized Modified&2

Sucrose
Titanium Dioxide
Wax, Carnauba
Wax, Microcrystalline
Zein
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Change to read:
Emulsifying and/or Solubilizing Agent

Acacia
Cholesterol
Diethanolamine (Adjunct)

~

Glyceryl Distearate
~NF22

~

Glyceryl Monolinoleate
~NF22

~

Glyceryl Monooleate
~NF22

Glyceryl Monostearate
Lanolin Alcohols
Lecithin
Mono- and Di-glycerides
Monoethanolamine (Adjunct)
Oleic Acid (Adjunct)
Oleyl Alcohol (Stabilizer)
Poloxamer
Polyoxyethylene 50 Stearate
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Propylene Glycol Monostearate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Stearic Acid
Trolamine
Wax, Emulsifying

Change to read:
Humectant

&Corn Syrup Solids&2

Glycerin
Hexylene Glycol
Propylene Glycol
Sorbitol

~

Sorbitol, Anhydrized Liquid
~NF22

Change to read:
Ointment Base

&Caprylocaproyl Macrogolglycerides&2

Diethylene Glycol Monoethyl Ether

&Lauroyl Macrogolglycerides&2

&Lineoyl Macrogolglycerides&2

Lanolin
Ointment, Hydrophilic
Ointment, White
Ointment, Yellow

&Oleoyl Macrogolglycerides&2

Polyethylene Glycol Ointment
Petrolatum
Petrolatum, Hydrophilic
Petrolatum, White
Rose Water Ointment
Squalane

&Stearoyl Macrogolglycerides&2

Vegetable Oil, Hydrogenated, Type II

Change to read:
Plasticizer

Acetyltributyl Citrate
Acetyltriethyl Citrate
Castor Oil
Diacetylated Monoglycerides
Dibutyl Sebacate
Diethyl Phthalate
Glycerin
Polyethylene Glycol
Propylene Glycol

~

Sorbitol, Anhydrized Liquid
~NF22

Triacetin
Tributyl Citrate
Triethyl Citrate

Change to read:
Polymer Membrane

Cellulose Acetate

&Cellulose Acetate Butyrate&2

Change to read:
Solvent

Acetone
Alcohol
Alcohol, Diluted
Amylene Hydrate
Benzyl Benzoate
Butyl Alcohol

&Caprylocaproyl Macrogolglycerides&2

Corn Oil
Cottonseed Oil
Diethylene Glycol Monoethyl Ether
Ethyl Acetate
Glycerin
Hexylene Glycol
Isopropyl Alcohol

&Lauroyl Macrogolglycerides&2

&Lineoyl Macrogolglycerides&2

Methyl Alcohol
Methylene Chloride
Methyl Isobutyl Ketone
Mineral Oil

&Oleoyl Macrogolglycerides&2

Peanut Oil
Polyethylene Glycol
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Propylene Glycol
Sesame Oil

&Stearoyl Macrogolglycerides&2

Water for Injection
Water for Injection, Sterile
Water for Irrigation, Sterile
Water, Purified

Change to read:
Suspending and/or Viscosity-Increasing Agent

Acacia
Agar
Alginic Acid
Aluminum Monostearate
Attapulgite, Activated
Attapulgite, Colloidal Activated
Bentonite
Bentonite, Purified
Bentonite Magma
Carbomer 910
Carbomer 934
Carbomer 934P
Carbomer 940
Carbomer 941
Carbomer 1342
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium 12
Carrageenan
Cellulose, Microcrystalline, and Carboxymethylcellulose
Sodium

&Corn Syrup Solids&2

Dextrin
Gelatin

~

Gellan Gum
~NF22

Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose

~

Hypromellose
~NF22

Magnesium Aluminum Silicate
Methylcellulose
Pectin
Polyethylene Oxide
Polyvinyl Alcohol
Povidone
Propylene Glycol Alginate
Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate

&Tapioca Starch&2

Tragacanth
Xanthan Gum

Change to read:
Sweetening Agent

Aspartame

~

Aspartame Acesulfame
~NF22

&Corn Syrup Solids&2

Dextrates
Dextrose
Dextrose Excipient
Fructose

~

Maltose
~NF22

Mannitol
Saccharin
Saccharin Calcium
Saccharin Sodium
Sorbitol
Sorbitol Solution
Sucralose
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
Syrup

Change to read:
Tablet Binder

Acacia
Alginic Acid
Carboxymethylcellulose, Sodium
Cellulose, Microcrystalline

&Copovidone&2

&Corn Syrup Solids&2

Dextrin
Ethylcellulose
Gelatin
Glucose, Liquid
Guar Gum

~

Hypromellose
~NF22

~

Hypromellose Acetate Succinate
~NF22

Hydroxypropyl Methylcellulose

~

Maltose
~NF22

Methylcellulose
Polyethylene Oxide
Povidone
Starch, Pregelatinized

&Starch, Pregelatinized Modified&2

Syrup

&Tapioca Starch&2

Change to read:
Tablet and/or Capsule Diluent

Calcium Carbonate
Calcium Phosphate, Dibasic
Calcium Phosphate, Tribasic
Calcium Sulfate
Cellulose, Microcrystalline
Cellulose, Powdered

&Corn Syrup Solids&2

Dextrates

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
452 IN-PROCESS REVISION Vol. 29(2) [Mar.–Apr. 2003]



Dextrin
Dextrose Excipient
Fructose
Kaolin
Lactitol
Lactose

~

Maltose
~NF22

Mannitol
Sorbitol
Starch
Starch, Pregelatinized

&Starch, Pregelatinized Modified&2

Sucrose
Sugar, Compressible
Sugar, Confectioners

&Tapioca Starch&2

Change to read:
Tablet Disintegrant

Alginic Acid
Cellulose, Microcrystalline
Croscarmellose Sodium
Crospovidone

~

Maltose
~NF22

Polacrilin Potassium
Sodium Starch Glycolate
Starch
Starch, Pregelatinized

&Starch, Pregelatinized Modified&2

&Tapioca Starch&2

Change to read:
Tonicity Agent

&Corn Syrup Solids&2

Dextrose
Glycerin
Mannitol
Potassium Chloride
Sodium Chloride

Change to read:
Vehicle
FLAVORED AND/OR SWEETENED

Aromatic Elixir
Benzaldehyde Elixir, Compound

&Corn Syrup Solids&2

Peppermint Water
Sorbitol Solution
Syrup

OLEAGINOUS

Alkyl (C12-15) Benzoate
Almond Oil
Corn Oil
Cottonseed Oil
Ethyl Oleate
Isopropyl Myristate
Isopropyl Palmitate

Mineral Oil
Mineral Oil, Light
Octyldodecanol
Olive Oil
Peanut Oil
Safflower Oil
Sesame Oil
Soybean Oil

SOLID CARRIER

Sugar Spheres
STERILE

Sodium Chloride Injection, Bacteriostatic
Water for Injection, Bacteriostatic

MONOGRAPHS (NF)

BRIEFING

Aspartame Acesulfame, page 1613 of PF 28(5) [Sept.–Oct.
2002]. This new monograph, which previously appeared in Phar-
macopeial Previews, is now forwarded to In-Process Revision.
Based on the comments received, minor changes are proposed in
the Assay.

(EMC: E. Gonikberg) RTS—39445-1

Add the following:

~Aspartame Acesulfame

C18H23O9N3S 457.46

Aspartame acesulfame salt.

[2-carboxy-b-(N-b-methoxycarbonyl-2-phenyl)ethylcarba-

moyl)]ethanaminium 6-methyl-4-oxo-1,2,3-oxathia-

zin-3-ide-2,2-dioxide.

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
Vol. 29(2) [Mar.–Apr. 2003] IN-PROCESS REVISION 453



L-Phenylalanine, L-a-aspartyl-2-methyl ester compound

with 6-methyl-1,2,3-oxathiazin-4(3H)-one 2,2-dioxide

(1:1) [106372-55-8].

» Aspartame Acesulfame contains not less than

63.0 percent and not more than 66.0 percent of as-

partame, calculated on the dried basis. It contains

not less than 34.0 percent and not more than 37.0

percent of acesulfame, calculated as the acid form

on the dried basis.

Packaging and storage—Store in well-closed containers in

a cool, dry place.

USP Reference standards h11i—USP Aspartame Acesul-

fame RS. USP Aspartame Related Compound A RS. USP

Acesulfame Potassium RS.

Identification, Infrared Absorption h197Ki—Do not dry

specimens.

Transmittance—The transmittance of a 1 in 100 solution of

Aspartame Acesulfame in distilled water, determined in a 1-

cm cell at 430 nm with a suitable spectrophotometer, is not

less than 0.95.

Specific rotation h781Si: between +14.58 and +16.58, de-

termined at 208 within 30 minutes after preparation of the

Test solution. Divide the calculated specific rotation by

0.646 to correct for the aspartame content in Aspartame

Acesulfame.

15 N Formic acid—To a 1-liter volumetric flask, add ap-

proximately 300 mL of water, then weigh 719 g of 96% for-

mic acid into this flask, and mix. Cool the solution to 208.

Dilute with water to volume, and mix.

Test solution: 62 mg per mL, in 15 N Formic acid.

Loss on drying h731i—Dry it at 1058 for 4 hours: it loses

not more than 0.5% of its weight.

Residue on ignition h281i: not more than 1.1%.

Heavy metals, Method II h231i: 0.001%.

Limit of potassium—

Potassium stock solution—Dissolve an accurately

weighed quantity of about 190 mg of potassium chloride,

previously dried at 1058 for 2 hours, in water. Transfer to

a 1000-mL volumetric flask, dilute with water to volume,

and mix. Transfer 100.0 mL of this solution to a second

1000-mL volumetric flask, dilute with water to volume,

and mix. This solution contains 10 mg of potassium per mL.

Reference solutions—To three identical 100-mL volu-

metric flasks transfer 10.0, 15.0, and 20.0 mL, respectively,

of Potassium stock solution. To each flask add 2.0 mL of

sodium chloride solution (1 in 5) and 1.0 mL of hydrochlor-

ic acid, dilute with water to volume, and mix. The Reference

solutions contain, respectively, 1.0, 1.5, and 2.0 mg of potas-

sium per mL.

Test solution—Transfer about 1.5 g of Aspartame Acesul-

fame, accurately weighed, to a 500-mL volumetric flask, di-

lute with water to volume, and mix. Transfer 10 mL of this

solution to a 100-mL volumetric flask, add 2.0 mL of so-

dium chloride solution (1 in 5) and 1.0 mL of hydrochloric

acid, dilute with water to volume, and mix. Filter the solu-

tion.

Procedure—Concomitantly determine the absorbances of

the Reference solutions and the Test solution at the potas-

sium emission line of 766.5 nm, with a suitable atomic ab-

sorption spectrophotometer (see Spectrophotometry and

Light-Scattering h851i) equipped with a potassium hol-

low-cathode lamp and an air–acetylene flame, using water

as the blank. Plot the absorbance of the Reference solutions

versus concentration, in mg per mL, of potassium, and draw

the straight line best fitting the three plotted points. From the

graph so obtained, determine the concentration, C, in mg per
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mL, of potassium in the Test solution. Calculate the percen-

tage of potassium in the portion of Aspartame Acesulfame

taken by the formula:

500C/W,

in whichW is the quantity, in mg, of Aspartame Acesulfame

taken to prepare the Test solution: not more than 0.5% is

found.

Related compounds—

Diluent—Prepare a mixture of water and methanol (9:1).

Mobile phase—Prepare a filtered and degassed solution

by dissolving 5.6 g of monobasic potassium phosphate in

820 mL of water in a 1-liter volumetric flask, adjusting with

phosphoric acid to a pH of 4.3, diluting with methanol to

volume, and mixing. Make adjustments if necessary (see

System Suitability under Chromatography h621i).

Standard solution—Dissolve an accurately weighed

quantity of USPAspartame Related Compound A RS inDil-

uent, and quantitatively dilute with Diluent to obtain a solu-

tion having a known concentration of about 25 mg per mL.

Test solution—Transfer 50 mg of Aspartame Acesulfame,

accurately weighed, to a 10-mL volumetric flask, dissolve in

and dilute with Diluent to volume, and mix. [NOTE—Avoid

heat and excessive holding times.]

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detec-

tor and 4.6-mm 6 25-cm column containing packing L1.

The flow rate is about 1.5 mL per minute. The column tem-

perature is maintained at 408. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the tailing factor is not more than 2.0; and the

relative standard deviation for replicate injections is not

more than 4.0%.

Procedure—Separately inject equal volumes (about 20

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for the major peaks. Calculate the percentage of

aspartame related compound A in the portion of Aspartame

Acesulfame taken by the formula:

(C/W)(rU / rS),

in which C is the concentration, in mg per mL, of USP As-

partame Related Compound A RS in the Standard solution;

W is the weight, in mg, of Aspartame Acesulfame, taken to

prepare the Test solution; and rU and rS are the peak re-

sponses of aspartame related compound A obtained from

the Test solution and the Standard solution, respectively:

not more than 0.5% is found.

Chromatographic purity—

Diluent, Mobile phase, Test solution, and Chromato-

graphic system—Proceed as directed for Related com-

pounds.

Acesulfame solution—Transfer about 20 mg of USP Ace-

sulfame Potassium RS to a 10-mL volumetric flask, dilute

with Diluent to volume, and mix.

Diluted test solution—Pipet 1.5 mL of the Test solution

into a 100-mL volumetric flask, dilute with Diluent to vol-

ume, and mix.

Procedure—Inject equal volumes (about 20 mL) of the

Acesulfame solution, the Diluted test solution, and the Test

solution into the chromatograph, record the chromatograms,

and measure the peak responses. [NOTE—Continue the elu-

tion of the Test solution for twice the retention time of the

aspartame peak.] The sum of the responses of all the peaks

in the chromatogram of the Test solution, excluding the as-

partame related compound A, acesulfame, and aspartame

peak responses, is not greater than the aspartame peak re-

sponse obtained from the Diluted test solution (1.0%).

Assay—Weigh accurately about 0.150 g of Aspartame Ace-

sulfame, and dissolve in 50 mL of dehydrated alcohol. Ti-

trate with 0.1 N tetrabutylammonium hydroxide in

methanol/isopropyl alcohol VS. Potentiometrically deter-
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mine the volumes of titrant, in mL, at the first equivalence

point (V1) and at the second equivalence point (V2).

[NOTE—Use a combined pH electrode for all titrations.]

Perform a blank titration with 50 mL of dehydrated alcohol,

and designate the volume of titrant, in mL, as VB. Calculate

the percentage of acesulfame and aspartame in the portion of

Aspartame Acesulfame taken by formulas 1 and 2, respec-

tively:

163N(V1 – VB)/(10W) (1)

294N(V2 – V1)/(10W) (2)

in which N is the normality of the titrant andW is the weight,

in g, of Aspartame Acesulfame taken.
~NF22

BRIEFING

Chondroitin Sulfate Sodium, NF 21 page 2721 and page 801
of PF 28(3) [May–June 2002]. Chondroitin Sulfate Sodium is a
polymer with variable composition and molecular weight. There-
fore, it is proposed to delete the current molecular formula. The
CAS number and chemical name are corrected to reflect the current
NF article. Changes in the Definition are intended to describe more
precisely the article obtained from avian, porcine, and bovine car-
tilage, namely NF Chondroitin Sulfate Sodium. Since the test for
Electrophoretic purity in this monograph limits the presence of
other glycosaminoglycans in the article, it is proposed to change
the name of the test for Content of Total Glycosaminoglycans to
Content of Chondroitin Sulfate Sodium for consistency with other
NF chondroitin monographs. It is also proposed to use a more di-
luted alkaline cupric tartaric solution in the test for Limit of protein
to avoid unnecessary precipitation. Other changes are editorial.

(DSB: G. Giancaspro) RTS—39080-2 ; 39451-1

Change to read:

(Chemical structure to come)

(C14H19NO14SNa2)n
Sodium chondroitin sulfate [24967-93-9]

~

Chondroit in, hydrogen sulfate, sodium salt

[9082-07-9]
~NF22

Change to read:

» Chondroitin Sulfate Sodium is the sodium salt of the
sulfated linear glycosaminoglycan obtained from bo-
vine, porcine, or avian cartilages of healthy and do-
mes t i c an ima l s u sed fo r food by humans .
Chondroitin Sulfate Sodium consists mostly of the so-
dium salt of the sulfate ester of N-acetylchondrosamine
(2-acetamido-2-deoxy-b-D-galactopyranose) and D-
glucuronic acid copolymer. These hexoses are alter-
nately linked b-1,4 and b-1,3 in the polymer. The pre-
valent glycosaminoglycans are designated chondroitin
sulfate sodium A, containing N-acetylchondrosamine-
4-O-sulfate, and chondroitin sulfate sodium C, con-
taining N-acetylchondrosamine-6-O-sulfate.
~Chondrosamine moieties in the prevalent glyco-

saminoglycan are monosulfated primarily on po-

sition 4 and less so on position 6.
~NF22

It contains not less than 90.0 percent and not more than
105.0 percent of total glycosaminoglycans as

~

~NF22

chondroitin sulfate sodium, calculated on the dried ba-
sis.
NOTE—Chondroitin sulfate sodium is extremely

hygroscopic once dried. Avoid exposure to the atmos-
phere and weigh promptly.

Add the following:

&Microbial limits h2021i—The total bacterial count does

not exceed 1000 per g, and the total combined molds and

yeasts count does not exceed 100 per g. It meets the require-

ments of the tests for absence of Clostridium species,
~

~NF22

Salmonella species, and Escherichia coli.&1

Add the following:

&Test for absence of clostridium species—

Test preparation—Provide separate 10-g specimens for

each of the tests called for below. Dissolve Chondroitin Sul-

fate Sodium in pH 7.2 Phosphate Buffer. [NOTE—On the

basis of results for Preparatory testing, modify the Test

preparation as appropriate.]
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Preparatory testing—Incubate Clostridium sporogenes

(ATCC No. 11437) for 18 to 24 hours, and then dilute with

pH 7.2 Phosphate Buffer. Inoculate the Test preparation, to

obtain a final concentration of less than 100 cfu per mL.

Controls containing the inoculum but without the material

under test are prepared at the same time. Proceed as directed

under Test for absence of clostridium species
~

Proce-

dure
~NF22, making sure to evaluate the growth after each

time a medium is added.

Results—Proceed as directed for Preparatory Testing un-

derMicrobial Limit Tests—Nutritional Supplements h2021i.

Reinforced Medium for Clostridia

Beef Extract . . . . . . . . . . . . . . . . . . . . . . . . . . 10.0 g

Peptone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.0 g

Yeast Extract . . . . . . . . . . . . . . . . . . . . . . . . . 3.0 g

Soluble Starch . . . . . . . . . . . . . . . . . . . . . . . . 1.0 g

Glucose Monohydrate . . . . . . . . . . . . . . . . . . . 5.0 g

Cysteine Hydrochloride . . . . . . . . . . . . . . . . . . 0.5 g

Sodium Chloride . . . . . . . . . . . . . . . . . . . . . . 5.0 g

Sodium Acetate . . . . . . . . . . . . . . . . . . . . . . . 3.0 g

Agar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.5 g

Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1000 mL

Dissolve agar in water by heating to boiling, while stirring

continuously. Adjust the pH if necessary, and sterilize.

pH after sterilization: 6.8 + 0.2.

Columbia Agar

Pancreatic Digest of Casein . . . . . . . . . . . . . . . 10.0 g

Meat Peptic digest . . . . . . . . . . . . . . . . . . . . . 5.0 g

Heart Pancreatic digest . . . . . . . . . . . . . . . . . . 3.0 g

Yeast Extract . . . . . . . . . . . . . . . . . . . . . . . . . 5.0 g

Corn Starch . . . . . . . . . . . . . . . . . . . . . . . . . . 1.0 g

Sodium Chloride . . . . . . . . . . . . . . . . . . . . . . 5.0 g

Agar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15.0 g

Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1000 mL

Dissolve agar in water by heating to boiling with contin-

uous stirring. If necessary, adjust the pH. Sterilize, and allow

to cool to 458 to 508. Add gentamicin sulfate, equivalent to

about 20 mg of gentamicin base, and pour into Petri dishes.

pH after sterilization: 7.3 + 0.2.

Procedure—Take two equal portions of the Test prepara-

tion, heat one to 808 for 10 minutes, and cool rapidly. Trans-

fer 10 mL of each portion to separate containers, each

containing each 100 mL of Reinforced Medium for Clostri-

dia, and incubate under anaerobic conditions at 358 to 378

for 48 hours. After incubation subculture each specimen on

Columbia Agar Medium to which gentamicin has been

added, and incubate under anaerobic conditions at 358 to

378 for 48 hours. Examine the plates, and interpret as fol-

lows: if no growth of Gram-positive rods is detected, the test

specimen meets the requirement for the absence of Clostri-

dium species.

If growth occurs, subculture each distinct colony on Co-

lumbia Agar Medium, and separately incubate in aerobic

and in anaerobic conditions at 358 to 378 for 48 hours.

The occurrence of only anaerobic growth of Gram-positive

bacilli, giving a negative catalase reaction, indicates the pre-

sence of Clostridium sporogenes species. To perform the

catalase test, transfer discrete colonies to glass slides, and

apply a drop of dilute hydrogen peroxide solution: the reac-

tion is negative if no gas bubbles evolve. If the test specimen

exhibits none of these characteristics, it meets the require-

ment for the absence of Clostridium species.&1

Add the following:

&Electrophoretic purity (see Electrophoresis h726i)—[To

come.]

1 M Barium acetate buffer, pH 5.0—Dissolve about

225.43 g of barium acetate, accurately weighed, in water,

and dilute with water to 900 mL. Adjust with acetic acid

to a pH of 5.0, dilute with water to 1 liter, and mix.
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0.4 M Barium acetate buffer, pH 5.0—Dissolve about

90.17 g of barium acetate, accurately weighed, in water,

and dilute with water to 900 mL. Adjust with acetic acid

to a pH of 5.0, dilute with water to 1 liter, and mix.

Staining reagent: 0.08% azure A solution.

Standard solution 1—Prepare a solution of USP Chon-

droitin Sulfate Sodium RS in water having a known concen-

tration of 0.01 mg about 3 mg per mL.

Standard solution 2—Dilute 2 mL 1 mL of Standard solu-

tion 1 with water to 100 mL, and mix.

Standard solution 3—Prepare a solution containing 1.0 g

of phenol red TS in 100 mL water.

Test solution—Transfer about 50.0 mg 150 mg
~

of Chon-

droitin Sulfate Sodium
~NF22, accurately weighed, to a 50-mL

volumetric flask, dissolve in and dilute with water to vol-

ume, and mix. Transfer 1.0 mL of the solution so obtained

to a 100-mL volumetric flask, dilute with water to volume,

and mix.

Procedure—Adhere a cellophane sheet to the top of a

cooling plate of the electrophoretic equipment by means

of some water drops. Remove any air bubbles. Soak a cut

6- 6 12-cm cellulose nitrate gel having a 0.45-mm porosity

in 0.4 M Barium acetate buffer, pH 5.0 for 5 minutes, and

remove any excess solution between the filter paper and the

cellulose strip. Apply 10 mL each of Standard solution 1,

Standard solution 2, Standard solution 3, and the Test solu-

tion as bands to the gel near the cathode. [NOTE—Back the

cellophane sheet with a plastic sheet for protection to pre-

vent the gel from breaking; otherwise use a supported nitro-

cellulose membrane, and place it on top of the cellophane

sheet.] Attach the strip to the support bridge of an electro-

phoresis chamber containing 1 M Barium acetate buffer, pH

5.0 in each side of the chamber. Ensure that each end of the

strip is in contact with 1 M Barium acetate buffer, pH 5.0.

Connect the electrodes, close the cover, start the water cir-

culation for gel cooling until the temperature of the plate is

about 108, and apply a 20-mA current at about 330 V for 1

hour. Switch off the current, disconnect the electrodes, re-

move the plastic sheet, and immerse the gel in the Staining

reagent for 10 minutes. Wash with water to remove any un-

bound Staining reagent, and compare the bands: the band

electropherogram obtained from the Test solution exhibits a

major band that is similar in position and shape to the band

obtained from Standard solution 1. The band obtained from

Standard solution 3 remains red (pH buffering capacity),

and the band corresponding to Standard solution 2 is clearly

visible at a mobility similar to the band obtained from Stan-

dard solution 1. Any secondary band in the electrophero-

gram of the Test solution is not more intense than the

band obtained from Standard solution 2. Not more than

2% 1% of any individual impurity is found.&1

Change to read:
Limit of protein—

~

Alkaline cupric tartaric reagent—Dissolve 200 mg of

sodium tartrate dihydrate in 10 mL of water, and mark as

Solution A . Dissolve 100 mg of cupric sulfate in 10 mL

of water, and mark as Solution B. Dissolve 2.0 g of anhy-

drous sodium carbonate in 0.1 M sodium hydroxide, dilute

to 100 mL with 0.1 M sodium hydroxide, and mark as Solu-

tion C. Mix well 1 mL of Solution A and 1 mL of Solution B,

and to the mixture slowly add 100 mL of Solution C with

stirring. Use within 24 hours, and discard afterwards.
~NF22

Standard solution—Transfer an accurately measured volume of
7 percent bovine serum albumin certified standard to a suitable
container, and dilute quantitatively and stepwise with water to ob-
tain a solution having a known concentration of about 35 mg per
mL.
Test solution—Transfer an accurately weighed amount of Chon-

droitin Sulfate Sodium, equivalent to 100 mg

&60 mg&1

of the dried substance, to a 100-mL volumetric flask, dissolve in
and dilute with water to volume, and mix.
Procedure—Add 2.0 mL of freshly prepared alkaline cupric tar-

trate TS
~

Alkaline cupric tartaric reagent
~NF22

to test tubes containing 2.0 mL of water, 2.0 mL of the Test solu-
tion, or 2.0 mL of the Standard solution, and mix. After about 10
minutes, add 1.0 mL of Folin-Ciocalteu phenol TS, prepared im-
mediately before use, to each test tube, and mix. After 30 minutes,
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measure the absorbance of each solution at 750 nm against the
blank. The absorbance of the Test solution is not greater than the
absorbance of the Standard solution: not more than 3.5%

&6.0%&1

of proteins is found, calculated on the dried basis.

Change to read:
Content of total glycosaminoglycans
~

chondroitin sulfate sodium—
~NF22

Cetylpyridinium chloride solution—Prepare a solution of cetyl-
pyridinium chloride in water having a concentration of about 1 mg
per mL.
Standard solution

&solutions&1

—Transfer about 25 mg

&30 mg&1

of USP Chondroitin Sulfate Sodium RS, accurately weighed, to a
25-mL volumetric flask. Dissolve in 6 mL of water, add 1 mL of
pH 7.2 phosphate buffer solution (see Buffer Solutions under Solu-
tions in the section Reagents, Indicators, and Solutions), and dilute
with water to volume

&, quantitatively and stepwise if necessary,&1

to obtain a solution

&three Standard solutions&1

having known concentrations of about 1 mg per mL

&1.2 mg per mL, 0.8 mg per mL, and 0.4 mg per mL, respec-

tively&1

.
Test solution—Transfer about 100 mg of dried Chondroitin Sul-

fate Sodium, accurately weighed, to a 100-mL volumetric flask,
dissolve in 30 mL of water, add 5 mL of pH 7.2 phosphate buffer
solution (see Buffer Solutions under Solutions in the section Re-
agents, Indicators, and Solutions), dilute with water to volume,
and mix.
Procedure—Transfer 5.0 mL of

&each&1

Standard solution

&and the Test solution to four separate titration vessels,&1

and add about 30 mL of water. Titrate with Cetylpyridinium chlo-
ride solution using a phototrode to determine the endpoint turbidi-
metrically, at 420, 550, or 660 nm, with the instrument set in
transmittance mode at 70% for the initial solution. Perform a blank
determination, and make any necessary correction. Determine the
equivalence factor, F, in mg of USP Chondroitin Sulfate Sodium
RS per mL of Cetylpyridinium chloride solution taken by the for-
mula:

5(C/V),

in which C is the concentration, in mg per mL, of USP Chondroitin
Sulfate Sodium RS in the Standard solution; and V is the volume,
in mL, of Cetylpyridinium chloride solution consumed by the Stan-
dard solution. Repeat the procedure, except to use 5.0 mL of the
Test solution instead of the Standard solution.

&Stir until a steady reading is obtained using a phototrode to

determine the endpoint turbidimetrically, either at 420 nm,

550 nm, or 660 nm. Set the instrument to zero if absorbance

is being monitored or not less than 70% if transmittance is

used. Titrate with Cetylpyridinium chloride solution. From a

linear regression equation calculated using the volumes of

Cetylpyridinium chloride solution consumed, and the mass,

in mg, of USP Chondroitin Sulfate Sodium RS, determine

the mass of glycosaminoglycans as
~

~NF22 chondroitin sul-

fate sodium in the aliquot of the Test solution taken.&1

Calculate the percentage of total mucopolysaccharides glycosami-
noglycans as

~

~NF22

chondroitin sulfate sodium in the portion of Chondroitin Sulfate
Sodium

~

~NF22

taken by the formula:

2000F(V/W),

&2000(M/W),&1

in which F is the equivalence factor, in mg per mL, as calculated
above; V is the volume, in mL, of Cetylpyridinium chloride solu-
tion consumed by the Test solution;

&M is the mass of glycosaminoglycans
~

Chondroitin Sulfate

Sodium
~NF22 in the aliquot of the Test solution;&1

andW is the weight, in mg, of Chondroitin Sulfate Sodium taken to
prepare the Test solution.

BRIEFING

Chondroitin Sulfate Tablets, page 804 of PF 28(3) [May–June
2002]. To be consistent with USP rules of nomenclature, it is pro-
posed to change the title of this monograph to Chondroitin Sulfate
Sodium Tablets.

(DSB: G. Giancaspro) RTS—39080-1

Add the following:

Change to read:

&Chondroitin Sulfate ~Sodium~NF22

Tablets
Change to read:

» Chondroitin Sulfate ~Sodium
~NF22 Tablets are
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prepared from Chondroitin Sulfate Sodium and

contain not less than 90.0 percent and not more

than 120.0 percent of the labeled amount of Chon-

droitin Sulfate Sodium.

NOTE—Chondroitin Sulfate Sodium is extre-

mely hygroscopic once dried. Avoid exposure to

the atmosphere and weigh promptly.

Packaging and storage—Preserve in tight, light-resistant

containers, and store at room temperature.

USP Reference standards h11i—USP Chondroitin Sulfate

Sodium RS.

Labeling—Label it to indicate the species of the source

from which the chondroitin sulfate sodium used to prepare

the Tablets was derived.

Identification—

0.2 M Barium acetate buffer—Dissolve 25.54 g of barium

acetate in 400 mL of water. Adjust with a suitable volume of

glacial acetic acid, while stirring, to a pH of 5.0, dilute with

water to volume, and mix.

1 M Barium acetate buffer, pH 5.0; 0.4 M Barium acetate

buffer, pH 5.0; Staining reagent; and Procedure—Proceed

as directed in Electrophoretic purity under Chondroitin Sul-

fate Sodium.

Standard solution—Use the Standard solution of middle

concentration in the test for Content of chondroitin sulfate

sodium.

Standard solution and Test solution—Prepare as directed

in the test for Content of chondroitin sulfate sodium.

Procedure (see Electrophoresish726i)—Soak a 6- 6 10-

cm nitrocellulose strip in 100 mL of 0.2 M Barium acetate

buffer for 10 to 60 minutes. Remove the strip using forceps,

taking care to only handle the outer edges. Place the strip

between two absorbent pads, and blot to remove excess

solution. Attach the strip to the support bridge of an electro-

phoresis chamber containing 0.2 M Barium acetate buffer in

each side of the chamber. Ensure that each end of the strip is

in contact with 0.2 M Barium acetate buffer. Mark the ap-

plication line near the cathode end of the strip.

Apply 1 mL of a solution of phenol red TS in 0.2 M Bar-

ium acetate buffer (1 in 1000) as a spot. Adjacent to this,

apply 1 mL each of the Test solution and the Standard solu-

tion as two streaks, each about 9 mm long. Attach the cham-

ber cover, and perform the electrophoresis at 300 V until the

phenol red (yellow dye) has moved about 2.5 cm of the

length of the strip. [NOTE—Movement of the dye takes

about 40 minutes.] Remove the strip from the chamber,

and blot the ends on paper towels. Stain the gel with a

0.2% solution of toluidine blue O in a mixture of alcohol,

water, and acetic acid (50:49:1). The principal spot obtained

from the Test solution has the same migration as the princi-

pal spot obtained from the Standard solution.

Disintegration and dissolution h2040i: meet the require-

ments for Dissolution.

Medium: water; 900 mL.

Apparatus 2: 75 rpm.

Time: 60 minutes.

Cetylpyridinium chloride solution, Standard solution, and

Test solution—Prepare as directed in the test for Content of

chondroitin sulfate sodium.

Procedure—Proceed as directed in the test for Content of

chondroitin sulfate sodium, adjusting the volume of the ali-

quot if necessary. Calculate the quantity, in mg, of chondroi-

tin sulfate sodium dissolved in the portion of Tablets taken

by the formula:

900C,

in which C is the concentration, in mg per mL, of chondroi-

tin sulfate sodium in the solution under test.
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Tolerances—Not less than 75% of the labeled amount of

chondroitin sulfate sodium is dissolved in 60 minutes.

Weight variation h2091i: meet the requirements.

Change to read:

Content of chondroitin sulfate sodium—

Cetylpyridinium chloride solution—Prepare a solution of

cetylpyridinium chloride in water having a concentration of

about 1 mg per mL

Standard solutions—Transfer about 25 mg of USP Chon-

droitin Sulfate Sodium RS, accurately weighed, to a 25-mL

volumetric flask, and dissolve in 6 mL of water. Add 1 mL

of pH 7.2 phosphate buffer solution (see Buffer Solutions

under Solutions in the section Reagents, Indicators, and So-

lutions), and dilute with water to volume to obtain a solution

having a known concentration of about 1 mg per mL.

Prepare as directed in the test for Content of total glycosa-

minoglycans
~

chondroitin sulfate sodium
~NF22 under Chon-

droitin Sulfate Sodium.

Test solution—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the pow-

der, equivalent to about 100 mg of chondroitin sulfate so-

dium, to a 100-mL volumetric flask, add 30 mL of water

and 5 mL of pH 7.2 phosphate buffer solution (see Buffer

Solutions under Solutions in the section Reagents, Indica-

tors, and Solutions), and shake to suspend the powder in

solution. Sonicate in a 658 water bath for 20 minutes. Re-

move from the bath, stir with a magnetic stirrer for 5 min-

utes, dilute with water to volume, and centrifuge.

Procedure—Separately transfer 5.0 mL each of the of

each Standard solution and the Test solution to separate ti-

tration vessels, and add about 30 mL of water to each. Ti-

trate with Cetylpyridinium chloride solution, using a

phototrode to determine the endpoint turbidimetrically, at

420, 550, or 660 nm, with the instrument set in transmit-

tance mode at 70% for the initial solution. Perform a blank

determination, and make any necessary correction. Calcu-

late the equivalence factor, F, in mg of USP Chondroitin

Sulfate Sodium RS in each mL of Cetylpyridinium chloride

solution taken by the formula:

5C/V,

in which C is the concentration, in mg per mL, of USP

Chondroitin Sulfate Sodium RS in the Standard solution;

and V is the volume, in mL, of Cetylpyridinium chloride

solution consumed by the Standard solution. Stir until a

steady reading is obtained using a phototrode to determine

the endpoint turbidimetrically, either at 420, 550, or 660 nm.

Set the instrument to zero if absorbance is being monitored

or to not less than 70% if transmittance is used. From a lin-

ear regression equation calculated using the volumes of Ce-

tylpyridinium chloride solution consumed, and the mass, in

mg, of USP Chondroitin Sulfate Sodium RS, determine the

mass of chondroitin sulfate sodium in the aliquot of the Test

solution taken. Calculate the amount, in mg, of chondroitin

sulfate sodium in the portion of Tablets taken by the for-

mula:

20FV

20M,

in which F is the equivalence factor, in mg per mL, as cal-

culated above; and V is the volume, in mL, of Cetylpyridi-

nium chloride solution consumed by M is the mass of

Chondroitin Sulfate Sodium in the aliquot of the Test solu-

tion taken.&1
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BRIEFING

Gellan Gum, Because there is no existing NF monograph for
this excipient, a new monograph, based on the Gellan Gum mono-
graph in Food Chemical Codex, Fourth Edition, page 169, is being
proposed.

(EMC: E. Gonikberg; AMB: D. Porter) RTS—39387-1

Add the following:

~Gellan Gum

[71010-52-1].

» Gellan Gum is a high-molecular-weight poly-

saccharide gum produced by a pure-culture fer-

mentation of a carbohydrate with Pseudomonas

elodea, purified by recovery with isopropyl alco-

hol, and then dried and milled. It is a heteropoly-

saccharide comprising a tetrasaccharide repeating

unit of one rhamnose, one glucuronic acid, and

two glucose units. The glucuronic acid is neutra-

lized to mixed potassium, sodium, calcium, and

magnesium salts. It may contain acyl (glyceryl

and acetyl) groups as the O-glycosidically linked

esters. It yields not less than 3.3 percent and not

more than 6.8 percent of carbon dioxide, calcu-

lated on the dried basis.

Packaging and storage—Preserve in well-closed con-

tainers, protected from moisture. Store in a cool, dry place.

Identification—

A: Prepare a 1% solution of Gellan Gum by hydrating

1g in 99 mL of deionized water. Stir the mixture for about 2

hours, using a motorized stirrer and a propeller-type stirring

blade. Draw a small amount of the solution obtained into a

wide-bore pipet, and transfer it into a 10% calcium chloride

solution. [NOTE—Reserve the remaining portion of this

solution for the Identification test B.] A tough, wormlike

gel will form instantly.

B: To the remaining solution prepared for Identification

test A, add 0.5 g of sodium chloride, heat the solution to 808,

stirring constantly, and hold at 808 for 1 minute. Stop heat-

ing and stirring the solution, and allow it to cool to room

temperature. A firm gel will form.

Microbial limits h61i—It meets the requirements of the

tests for absence of Salmonella species and Esherichia coli.

The total aerobic microbial count is not more than 103 cfu

per g, and the total combined molds and yeasts count is not

more than 102 cfu per g.

Loss on drying h731i—Dry at 1058 for 2.5 hours: it loses

not more than 15.0%.

Total ash h561i: not less than 4.0% and not more than

14.0%, calculated on the dried basis.

Arsenic, Method II h211i: not more than 3.0 mg per g.

Lead h251 i—Prepare a Test Preparation as directed, using

a 2.0-g portion of Gellan Gum. Use 4 mL of Diluted Stan-

dard Lead Solution (4 mg of Pb) for the test: the limit is not

more than 2.0 mg per g.

Limit of isopropyl alcohol—Proceed as directed under

Limit of isopropyl alcohol for Xanthan Gum, using about

5 g of Gellan Gum, accurately weighed, for the Test solu-

tion: not more than 750 mg per g is found.

Assay—Proceed with Gellan Gum as directed for Proce-

dure under Alginates Assay h311i, using about 1.2 g of un-

dried Gellan Gum, accurately weighed.
~NF22
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BRIEFING

Glucosamine and Chondroitin Sulfate Tablets, NF 21 page
2765 and page 1896 of PF 28(6) [Nov.–Dec. 2002]. To be consis-
tent with USP rules of nomenclature, it is proposed to change the
title of this monograph to Glucosamine and Chondroitin Sulfate
Sodium Tablets. Other changes are editorial.

(DSB: G. Giancaspro) RTS—39486-1

Change to read:

Glucosamine and Chondroitin Sulfate
~Sodium~NF22

Tablets

Change to read:

» Glucosamine and Chondroitin Sulfate
~Sodium

~NF22

Tablets are prepared from Chondroitin Sulfate Sodium,
~either

~NF22

Glucosamine Hydrochloride, Glucosamine Sulfate
Sodium Chloride, Glucosamine Sulfate Potassium
Chloride, or a mixture of any of them,
~with Chondroitin Sulfate Sodium.

~NF22

Tablets contain not less than 90.0 percent and not
more than 120.0 percent of the labeled amounts of
chondroit in sulfate sodium and glucosamine
(C6H13NO5).

~[NOTE—Chondroitin Sulfate Sodium is extre-

mely hygroscopic once dried. Avoid exposure to

atmosphere and weigh promptly.]
~NF22

Change to read:
Identification—
A: The retention times of the major peaks in the chromato-

gram of the Test solution correspond to those in the chromatogram
of the Standard solution, as obtained in the test for Content of glu-
cosamine (presence of glucosamine).

B: Standard solution and Test solution—Prepare as directed in
the test for Content of chondroitin sulfate sodium under Chondroi-
tin Sulfate
~

Sodium
~NF22

Tablets.
Procedure (see Electrophoresis h726i)—Proceed as directed for

Identification under Chondroitin Sulfate
~

Sodium
~NF22

Tablets. (presence of chondroitin sulfate).

~

sodium
~NF22

Change to read:
Content of glucosamine—
Diluent—Transfer 29 mL of acetic acid and 5 mL of acetonitrile

to a 100-mL volumetric flask containing about 50 mL of water, and
dilute with water to volume.
0.2 M Borate buffer—Dissolve 7.63 g of sodium borate in 80 mL

water, and adjust with hydrochloric acid TS to a pH of 9.5. Transfer
to a 100-mL volumetric flask, dilute with water to volume, and
mix. [NOTE—Buffer must be stored at room temperature and can
be used indefinitely, but must be warmed to dissolve if crystalliza-
tion occurs.]
Derivatizing reagent—In a 14-mL polypropylene culture tube,

dissolve 50 mg of o-phthalaldehyde in 1.25 mL of anhydrous
methanol, add 50 mL of 3-mercaptopropionic acid and 11.2 mL
of 0.2 M Borate buffer, and mix gently. Allow to stand in the dark
for 30 minutes before use. [NOTE—Reagent strength is maintained
by adding 10 mL of 3-mercaptopropionic acid every two days.
Storage should be in the dark, at room temperature, and can be
used for not more than two weeks.]
Mobile phase—In a 1000-mL volumetric flask dissolve 6.80 g of

sodium acetate trihydrate in 700 mL water. Adjust with dilute ace-
tic acid to a pH of 5.9, dilute with water to volume, and mix. Com-
bine 100 mL of methanol with 900 mL of acetate buffer, and mix
thoroughly. Pass through a nylon membrane filter having a 0.45-
mm or finer porosity, and degas. Make adjustments if necessary
(see System Suitability under Chromatography h621i).

Standard solution—Dissolve an accurately weighed quantity of
USP Glucosamine Hydrochloride RS in water, and dilute quantita-
tively, and stepwise if necessary, with water to obtain a solution
having a known concentration of about 1.0 mg per mL. Allow to
stand at room temperature for 1 hour.
Test solution—Weigh and finely powder not fewer than 20 Tab-

lets. Transfer an accurately weighed portion of the powder, equiva-
lent to about 25 mg of glucosamine, to a 25-mL volumetric flask,
and dilute with Diluent to volume. Mix on a vortex mixer to sus-
pend the powder in solution. Sonicate in a 658 water bath for 20
minutes. Remove from the bath, stir for 5 minutes with the aid of a
magnetic stirrer, and centrifuge.
Chromatographic system—The liquid chromatograph is

equipped with a 340-nm detector and a 3.0-mm 6 5-cm column
that contains packing L1. The flow rate is about 1.0 mL per minute.
Chromatograph the Standard solution, and record the peak re-
sponses as directed for Procedure:

&five individual aliquots of the Standard solution deriva-

tized as described under Procedure. Each derivatized ali-

quot is injected only once.&2

The relative retention times are 1.0 for the b-anomer and 1.8 for
the a-anomer;

&, and &2

the typical retention time of the b-anomer is not less than 4 min-
utes.; and the relative standard deviation for replicate injections is
not more than 2.0%.

&The relative standard deviation calculated from these five

replicates is not more than 2.0%.&2

Procedure—Transfer 100 mL of the Derivatizing reagent and
100 mL of the Standard solution or the Test solution to a vial con-
taining 400 mL of 0.2 M Borate buffer, mix, allow the derivatiza-
tion to proceed for 1 minute, and inject the derivatized solution into
the chromatograph. Separately inject equal volumes (about 10 mL)
of the Standard solution and the Test solution into the chromato-
graph, record the chromatograms, and measure the responses for
the major peaks.
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&[NOTE—Inject the derivatized solution immediately after

the derivatization reaction.]&2

Calculate the quantity, in mg, of glucosamine (C6H13NO5) in the
portion of Tablets taken by the formula:

(179.17/215.63)(100C)(rU / rS),

in which 179.17 and 215.63 are the molecular weights of glucosa-
mine and glucosamine hydrochloride, respectively; C is the con-
centration, in mg per mL, of USP Glucosamine Hydrochloride
RS in the Standard solution; and rU and rS are the peak responses
for the b-anomer obtained from the Test solution and the Standard
solution, respectively.

Change to read:
Content of chondroitin sulfate sodium—
Cetyl pyridinium chloride solution, Standard solution, Test

solution, and Procedure—Proceed as directed in the test for Con-
tent of chondroitin sulfate sodium under Chondroitin Sulfate
~

Sodium
~NF22

Tablets.

BRIEFING

Glyceryl Distearate, page 1624 of PF 28(5) [Sept.–Oct. 2002].
This new monograph, which previously appeared in Pharmaco-
peial Previews, is now forwarded to In-Process Revision.

(EMC: E. Gonikberg) RTS—39449-1

Add the following:

~Glyceryl Distearate

625.01 [1323-83-7].

» Glyceryl Distearate is a mixture of diglycerides,

mainly glyceryl distearate, together with variable

quantities of monoglycerides and triglycerides. It

contains not less than 8.0 percent and not more

than 22.0 percent of monoglycerides, not less than

40.0 percent and not more than 60.0 percent of di-

glycerides, and not less than 25.0 percent and not

more than 35.0 percent of triglycerides. It is ob-

tained by partial glycerolysis of vegetable oil that

consists mainly of triglycerides of palmitic or

stearic acid or by esterification of glycerol with

stearic acid. The fatty acids may be of vegetable

or animal origin.

Packaging and storage—Store in tight containers. Protect

from light, freezing, and excessive heat.

USP Reference standards h11i—USP Glyceryl Distearate

RS.

Identification—

A: It meets the requirements of the test for Melting

range.

B: Thin-Layer Chromatographic Identification Test

h201i—

Test solution: a solution in methylene chloride containing

about 50 mg per mL.

Developing solvent: a mixture of ether and hexane

(70:30).

Spray reagent: a solution containing 20 mg of rhodamine

B in 200 mL of alcohol.

Procedure—Proceed as directed in the chapter. Spray with

the Spray reagent, and locate the spots on the plate by ex-

amination under UV light at a wavelength of 365 nm: the

principal spot obtained from the Test solution corresponds

in color, size, and RF value to that obtained from the Stan-

dard solution.

Melting range, Class II h741i: between 508 and 708.

Acid value h401i: not more than 6.0, determined on 1.0 g,

using a mixture of alcohol and toluene (1:1, v/v) as the sol-

vent and with gentle heating.

Iodine value h401i: not more than 3.0.

Saponification value h401i: between 165 and 195, deter-

mined on 2.0 g; carry out the titration with heating.
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Fatty acid composition h401i—The fatty acid fraction of it

contains not less than 40.0% of stearic acid; and the sum of

the contents of palmitic and stearic acids, determined as di-

rected in the chapter, is not less than 90.0%.

Water,Method I h921i: not more than 1.0%, using pyridine

in place of methanol in the titration vessel.

Total ash h561i: not more than 0.1%.

Limit of nickel—[Caution—When using closed high-pres-

sure digestion vessels and microwave laboratory equip-

ment , be famil iar with the safety and operat ing

instructions given by the manufacturer.]

Magnesium nitrate solution—Transfer 2.5 g of magne-

sium nitrate to a 500-mL volumetric flask, and dissolve in

and dilute with water to volume.

Test solution—Transfer an accurately weighed quantity of

about 0.1 g of Glyceryl Distearate into a suitable high-pres-

sure resistant digestion vessel (fluoropolymer or quartz),

add 6.0 mL of nitric acid and 2.0 mL of 30% hydrogen per-

oxide. Place the closed vessel in a laboratory microwave

oven, and digest using an appropriate program (e.g., 250

W for 10 minutes; 600 W for 5 minutes; 400 W for 5 min-

utes; and 250 W for 7 minutes.) Allow the digestion vessel

to cool before opening. Quantitatively transfer the contents

to a 25-mL volumetric flask, dilute with water to volume,

and mix.

Blank solution—Add 6.0 mL of nitric acid and 2.0 mL of

30% hydrogen peroxide to a high-pressure resistant diges-

tion vessel and proceed as directed for the Test solution.

Calibration solutions—Transfer 5.0 mL of nickel stan-

dard solution TS to a 10-mL volumetric flask, add 0.5 mL

of nitric acid, 1.0 mL of 30 percent hydrogen peroxide, and

dilute with water to volume (stock solution). Into four iden-

tical 25-mL volumetric flasks, each containing 6 mL of ni-

tric acid, transfer respectively 20, 50, 100, and 150 mL of the

stock solution obtained above, and dilute with water to vol-

ume. These solutions contain 4 ng per mL, 10 ng per mL, 20

ng per nL, and 30 ng per mL of nickel, respectively.

Zero solution—Transfer 6.0 mL of nitric acid to a 25-mL

volumetric flask, add a small amount of water, mix, and then

dilute with water to volume.

Procedure—Into seven separate 25-mL flasks, each con-

taining 5.0 mL of Magnesium nitrate solution, transfer re-

spectively 10.0 mL of each of the following: the Test

solution, the Blank solution, the four Calibration solutions,

and the Zero solution. Concomitantly determine the absor-

bances of these solutions at least three times each, at the

wavelength of maximum absorbance at 232.0 nm, with a

suitable atomic absorption spectrophotometer (see Spectro-

photometry and Light-Scattering h851i) equipped with a

pyrolytically-coated tube with a platform, graphite furnace,

and a nickel hollow-cathode lamp. Maintain the drying tem-

perature of the furnace at 1008 for 10 seconds after a 10-sec-

ond ramp, the ashing temperature at 14008 for 10 seconds

after a 20-second ramp, and the atomization temperature

at 25008 for 5 seconds. Use the Zero solution to set the in-

strument to zero. Record the average of the steady readings

for each of the solutions. [NOTE—If necessary, dilute the

Test solutionwith the Zero solution to obtain a reading with-

in the calibrated absorbance range]: not more than 1 mg per g

is found.

Limit of free glycerin—

Mobile phase and Chromatographic system—Proceed as

directed in the Assay.

Standard solutions—Prepare four solutions by dissolving

accurately weighed quantities of glycerin in tetrahydrofur-

an, and diluting each with tetrahydrofuran, as necessary,

to obtain solutions having known concentrations of about

0.2, 0.4, 1.0, and 2.0 mg per mL.
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Test solution—Use the Assay preparation, prepared as di-

rected in the Assay.

Procedure—Separately inject equal volumes (about 40

mL) of the Standard solutions and the Test solution into

the chromatograph, record the chromatograms, and measure

the responses for the glycerin peaks. Plot the glycerin peak

responses obtained versus the concentration, in mg per mL,

of glycerin in the Standard solutions. From the standard

curve so obtained, determine the glycerin concentration,

C, in mg per mL, in the Test solution. Calculate the percen-

tage of free glycerin in the portion of Glyceryl Distearate

taken by the formula:

500(C/W),

in which C is as obtained above; andW is the amount, in mg,

of Glyceryl Distearate taken to prepare the Test solution: not

more than 1.0% of free glycerin is found.

Assay —

Mobile phase: tetrahydrofuran.

Assay preparation—Transfer about 200 mg of Glyceryl

Distearate, accurately weighed, to a 5-mL volumetric flask,

dissolve in and dilute with tetrahydrofuran to volume, and

mix.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay under Ethylene Glycol

Monostearate. Chromatograph the Assay preparation, and

record the peak responses as directed for Procedure: the re-

lative retention times are about 1.0 for glycerin, 0.84 for

monoglycerides, 0.78 for diglycerides, and 0.75 for trigly-

cerides; the resolution, R, between the diglycerides and

monoglycerides is not less than 1.0; and the relative stan-

dard deviation for replicate injections determined from the

monoglycerides peak is not more than 2.0%.

Procedure—Inject a volume (about 40 mL) of the Assay

preparation into the chromatograph, record the chromato-

grams, and measure the responses for the major peaks. Cal-

culate the percentage of monoglycerides, diglycerides, and

triglycerides in the portion of Glyceryl Distearate taken by

the formula:

100(ri / rs),

in which ri is the individual peak response for the mono-

glycerides, diglycerides, and triglycerides, as appropriate;

and rs is the sum of the responses for all of the glyceride

peaks.
~NF22

BRIEFING

Glyceryl Monolinoleate, page 1627 of PF 28(5) [Sept.–Oct.
2002]. This new monograph, which previously appeared in Phar-
macopeial Previews, is now forwarded to In-Process Revision.

(EMC: E. Gonikberg) RTS—39448-1

Add the following:

~Glyceryl Monolinoleate
354.5 [26545-74-4].

» Glyceryl Monolinoleate is a mixture of mono-

glycerides, mainly glyceryl monooleate and glyc-

eryl monolinoleate, together with variable

quantities of diglycerides and triglycerides. It is

obtained by partial glycerolysis of vegetable oil

that consists mainly of triglycerides of linoleic

acid. It contains not less than 32.0 percent and

not more than 52.0 percent of monoglycerides,

not less than 40.0 percent and not more than
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55.0 percent of diglycerides, and not less than 5.0

percent and not more than 20.0 percent of trigly-

cerides. A suitable antioxidant may be added.

Packaging and storage—Store in tight containers. Protect

from light, freezing, and excessive heat.

Labeling—The labeling indicates the name and the concen-

tration of any added antioxidant.

USP Reference standards h11i—USP Glyceryl Monoli-

noleate RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Test solution: a solution in methylene chloride containing

about 0.05 mg per mL.

Developing solvent: a mixture of ether and hexane

(70:30).

Spray reagent: a solution containing 0.02 mg of rhoda-

mine B in 0.2 mL of alcohol.

Procedure—Proceed as directed in the chapter. Spray with

the Spray reagent, and locate the spots on the plate by ex-

amination under UV light at a wavelength of 365 nm: the

principal spot obtained from the Test solution corresponds

in color, size, and RF value to that obtained from the Stan-

dard solution.

B: It meets the requirements of the test for Iodine value.

C: It meets the requirements of the test for Fatty acid

composition.

Acid value h401i: not more than 6.0, determined on 1.0 g.

Iodine value h401i: between 100 and 140.

Peroxide value h401i: not more than 12.0, determined on

2.0 g.

Saponification value h401i: between 160 and 180, deter-

mined on 2.0 g.

Fatty acid composition h401i—Glyceryl Monolinoleate

exhibits the following composition profile of fatty acids,

as determined in the section Fatty Acid Composition:

Carbon-chain

Length

No. of Double

Bonds

Percentage (%)

16 0 4.0 to 20.0

18 0 not more than 6.0

18 1 10.0 to 35.0

18 2 not less than 50.0

18 3 not more than 2.0

20 0 not more than 1.0

20 1 not more than 1.0

Water, Method I h921i: not more than 1.0%, using a mix-

ture of methanol and methylene chloride (1:1, v/v) in place

of methanol in the titration vessel.

Total ash h561i: not more than 0.1%.

Limit of free glycerin—

Mobile phase and Chromatographic system—Proceed as

directed in the Assay.

Standard solutions—Prepare four solutions by dissolving

accurately weighed quantities of glycerin in tetrahydrofuran

and by diluting each with tetrahydrofuran, as necessary, to

obtain solutions having known concentrations of about 0.4,

1.0, 2.0, and 4.0 mg per mL.

Test solution—Use the Assay preparation, prepared as di-

rected in the Assay.

Procedure—Separately inject equal volumes (about 40

mL) of the Standard solutions and the Test solution into

the chromatograph, record the chromatograms, and measure

the responses for the glycerin peaks. Plot the glycerin peak

responses obtained versus the concentration, in mg per mL,

of glycerin in the Standard solutions. From the standard

curve so obtained, determine the glycerin concentration,
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C, in mg per mL, in the Test solution. Calculate the percen-

tage of free glycerin in the portion of Glyceryl Monolinole-

ate taken by the formula:

500(C/W),

in which C is as obtained above; andW is the amount, in mg,

of Glyceryl Monolinoleate taken to prepare the Test solu-

tion: not more than 6.0% of free glycerin is found.

Assay—

Mobile phase: tetrahydrofuran.

Assay preparation—Transfer about 200 mg of Glyceryl

Monolinoleate, accurately weighed, to a 5-mL volumetric

flask, dissolve in and dilute with tetrahydrofuran to volume,

and mix.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay under Ethylene Glycol

Monostearate. Chromatograph the Assay preparation, and

record the peak responses as directed for Procedure: the re-

lative retention times are about 1.0 for glycerin, 0.86 for

monoglycerides, 0.80 for diglycerides, and 0.76 for trigly-

cerides; the resolution, R, between the diglycerides and

monoglycerides is not less than 1.0; and the relative stan-

dard deviation for replicate injections determined from the

monoglycerides peak is not more than 2.0%.

Procedure—Inject a volume (about 40 mL) of the Assay

preparation into the chromatograph, record the chromato-

grams, and measure the responses for the major peaks. Cal-

culate the percentage of monoglycerides, diglycerides, and

triglycerides in the portion of Glyceryl Monolinoleate taken

by the formula:

100(ri / rs),

in which ri is the individual peak response for the mono-

glycerides, diglycerides, and triglycerides, as appropriate;

and rs is the sum of the responses for all of the glyceride

peaks.
~NF22

BRIEFING

Glyceryl Monooleate, page 1629 of PF 28(5) [Sept.–Oct.
2002]. This new monograph, which previously appeared in Phar-
macopeial Previews, is now forwarded to In-Process Revision.

(EMC: E. Gonikberg) RTS—39447-1

Add the following:

~Glyceryl Monooleate

356.54 [25496-72-4].

» Glyceryl Monooleate is a mixture of monogly-

cerides, mainly glyceryl monooleate, together

with variable quantities of diglycerides and trigly-

cerides. It is obtained by partial glycerolysis of

vegetable oil that consists mainly of triglycerides

of oleic acid, or by esterification of glycerol with

oleic acid of vegetable or animal origin. It is de-

fined by the nominal content of monoglycerides,

and the assay requirements differ as set forth in

the accompanying table. A suitable antioxidant

may be added.

Nominal Content of Monoglycerides

(%)

40 60 90

Monogly-

cerides

32.0–52.0 55.0–65.0 90.0–101.0

Dig lycer-

ides

30.0–50.0 15.0– 35.0 <10.0

Triglycer-

ides

5.0–20.0 2.0–10.0 <2.0
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Packaging and storage—Store in tight containers. Protect

from light, freezing, and excessive heat.

Labeling—The labeling indicates the nominal content of

monoglycerides and the name and the concentration of

any added antioxidant.

USP Reference standards h11i—USP Glyceryl Monoole-

ate RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Test solution: a solution in methylene chloride containing

about 50 mg per mL.

Developing solvent: a mixture of ether and hexane

(70:30).

Spray reagent: a solution containing 20 mg of rhodamine

B in 200 mL of alcohol.

Procedure—Proceed as directed in the chapter. Spray with

the Spray reagent, and locate the spots on the plate by ex-

amination under UV light at a wavelength of 365 nm: the

principal spot obtained from the Test solution corresponds

in color, size, and RF value to that obtained from the Stan-

dard solution.

B: It meets the requirements of the test for Iodine value.

Acid value h401i: not more than 6.0, determined on 1.0 g.

Iodine value h401i: between 65.0 and 95.0.

Peroxide value h401i: not more than 12.0, determined on

2.0 g.

Saponification value h401i: between 150 and 170, deter-

mined on 2.0 g.

Fatty acid composition h401i—Glyceryl Monooleate exhi-

bits the following composition profile of fatty acids, deter-

mined as directed in the chapter.

Carbon-chain

Length

No. of Double

Bonds

Percentage (%)

16 0 not more than 12.0

18 0 not more than 6.0

18 1 not less than 60.0

18 2 not more than 35.0

18 3 not more than 2.0

20 0 not more than 2.0

20 1 not more than 2.0

Water, Method I h921i: not more than 1.0%, using a mix-

ture of methanol and methylene chloride (1:1, v/v) in place

of methanol in the titration vessel.

Total ash h561i: not more than 0.1%.

Limit of free glycerin—

Mobile phase and Chromatographic system—Proceed as

directed in the Assay.

Standard solutions—Prepare four solutions by dissolving

accurately weighed quantities of glycerin in tetrahydrofur-

an, and diluting each with tetrahydrofuran, as necessary,

to obtain solutions having known concentrations of about

0.4, 1.0, 2.0, and 4.0 mg per mL.

Test solution—Use the Assay preparation, prepared as di-

rected in the Assay.

Procedure—Separately inject equal volumes (about 40

mL) of the Standard solutions and the Test solution into

the chromatograph, record the chromatograms, and measure

the responses for the glycerin peaks. Plot the glycerin peak

responses obtained versus the concentration, in mg per mL,

of glycerin in the Standard solutions. From the standard

curve so obtained, determine the glycerin concentration,
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C, in mg per mL, in the Test solution. Calculate the percen-

tage of free glycerin in the portion of Glyceryl Monooleate

taken by the formula:

500(C/W),

in which C is as obtained above; andW is the amount, in mg,

of Glyceryl Monooleate taken to prepare the Test solution:

not more than 6.0% of free glycerin is found.

Assay —

Mobile phase: tetrahydrofuran.

Assay preparation—Transfer about 200 mg of Glyceryl

Monooleate, accurately weighed, to a 5-mL volumetric

flask, dissolve in and dilute with tetrahydrofuran to volume,

and mix.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay under Ethylene Glycol

Monostearate. Chromatograph the Assay preparation, and

record the peak responses as directed for Procedure: the re-

lative retention times are about 1.0 for glycerin, 0.85 for

monoglycerides, 0.79 for diglycerides, and 0.76 for trigly-

cerides; the resolution, R, between the diglycerides and

monoglycerides is not less than 1.0; and the relative stan-

dard deviation for replicate injections determined from the

monoglycerides peak is not more than 2.0%.

Procedure—Inject a volume (about 40 mL) of the Assay

preparation into the chromatograph, record the chromato-

grams, and measure the responses for the major peaks. Cal-

culate the percentage of monoglycerides, diglycerides, and

triglycerides in the portion of Glyceryl Monooleate taken by

the formula:

100(ri / rs),

in which ri is the individual peak response for the mono-

glycerides, diglycerides, and triglycerides, as appropriate;

and rs is the sum of the responses for all of the glyceride

peaks.
~NF22

BRIEFING

Lutein, page 632 of PF 28(2) [Mar.–Apr. 2002]. This new
monograph, which previously appeared in Pharmacopeial Pre-
views, is now forwarded to In-Process Revision. Because there is
no existing NF monograph for this article that is used in the manu-
facture of dietary supplements, this new monograph is being pre-
viewed for adoption as a public standard. The commercial article
that is covered by this monograph contains predominantly the
carotenoids, lutein, and zeaxanthin, but also may contain a minor
amount of waxes. The limits in the Definition are proposed to take
into account an acceptable level of waxes. A method for the deter-
mination of waxes is not yet available. Interested parties are en-
couraged to submit comments and possible methods of analysis.
The UV test for Content of total carotenoids does not distinguish
between lutein and zeaxanthin; therfore, a separate HPLC proce-
dure is used to determine the amounts of lutein and zeaxanthin.
The liquid chromatographic procedures in the tests for Content
of lutein and Zeaxanthin and other related compounds are based
on analyses performed with the Hypersil brand of L3 column, 3-
mm particle size. The typical retention times for lutein and zeax-
anthin are 11.9 and 12.5 minutes, respectively.

(DSN: G. Giancaspro) RTS—36020-01; 36021-1

Add the following:

~Lutein

C40H56O2 568.87

b-�-carotene-3,3’-diol (3R, 3’R, 6’R) [127-40-2].

» Lutein is the purified fraction obtained from sa-

ponification of the oleoresin of Tagetes erecta L. It

contains not less than 80.0 percent of total carot-

enoids calculated as lutein (C40H56O2). It contains

not less than 75.0 percent of lutein and not more

than 8.0 percent of zeaxanthin, both calculated as

lutein (C40H56O2), on the anhydrous basis.

Packaging and storage—Preserve in tight, light-resistant

containers, in a cold place.
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USP Reference standards h11i—USP Lutein RS.

Identification—

A: Ultraviolet Absorption h197Ui—

Spectral range: 300 to 700 nm.

Solution—Prepare as directed for the Test solution in the

test for Content of total carotenoids.

Ratio: A446 /A474, between 1.09 and 1.11.

B: The retention time for the major peak in the chroma-

togram of the Test solution corresponds to that in the chro-

matogram of the Standard solution, as obtained in the test

for Content of lutein.

Water, Method I h921i: not more than 1.0 %.

Residue on ignition h281i: not more than 1.0 %.

Lead h251i: not more than 1 mg per g.

Heavy metals, Method II h231i: not more than 5 mg per g.

Zeaxanthin and other related compounds—

Solvent, Mobile phase, Standard solution, Test solution,

and Chromatographic system—Proceed as directed under

Content of lutein.

Procedure—Inject a volume (about 10 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure the peak responses. Calculate the percentage of

zeaxanthin in the portion of Lutein taken by the formula:

T(ri / rs),

in which T is the content, in percentage, of total carotenoids

as determined in the test for Content of total carotenoids; ri

is the individual peak response of zeaxanthin; and rs is the

sum of the responses of all the peaks: not less than 75.0 % of

lutein is found; not more than 8.0 % of zeaxanthin is found.

Calculate the percentage of other related compounds in the

portion of Lutein taken by the formula:

100(ri / rs),

in which ri is the individual peak response of any other peak

in the chromatogram (excluding zeaxanthin and lutein), and

rs is the sum of the responses of all the peaks: not more than

0.1% of any single other impurity is found.

Organic volatile impurities, Method IV h467i: meets the

requirements.

Solvent: dimethylformamide or dimethyl sulfoxide.

Content of lutein—

Solvent: a mixture of hexanes, acetone, toluene, and dehy-

drated alcohol (10:7:7:6).

Mobile phase—Prepare a filtered and degassed mixture of

hexane and ethyl acetate (75:25). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard solution—Dissolve a suitable quantity of USP

Lutein RS in Mobile phase to obtain a solution containing

about 150 mg per mL.

Test solution—Transfer about 1 mL of Test stock solution

from the test for Content of total carotenoids, and evaporate

to dryness with a stream of nitrogen. Add 1 mL of Mobile

phase, and sonicate to dissolve.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 446-nm detec-

tor and a 4.6-mm 6 25-cm column that contains 3-mm

packing L3. The flow rate is about 1.5 mL per minute. Chro-

matograph the Standard solution, and record the peak re-

sponses as directed for Procedure: the relative retention

times are about 1.05 for zeaxanthin and 1.0 for lutein; the

resolution, R, between lutein and zeaxanthin is not less than

1.0; the tailing factor is not more than 2; and the relative

standard deviation for replicate injections is not more than

2.0%.
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Procedure—Inject a volume (about 10 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure the peak responses. Calculate the percentage of

Lutein taken by the formula:

T(ri / rs),

in which T is the content, in percentage, of total carotenoids

as determined in the test for Content of total carotenoids; ri

is the individual peak response of lutein in the Test solution;

and rs is the sum of the responses of all the peaks: not less

than 75.0% of lutein is found.

Content of total carotenoids—

Solvent: a mixture of hexanes, acetone, toluene, and dehy-

drated alcohol (10:7:7:6).

Test stock solution—Transfer about 15 mg of Lutein to a

100-mL volumetric flask, and dissolve in and dilute with

Solvent to volume.

Test solution—Quantitatively dilute the Test stock solution

(1 in 100) with dehydrated alcohol to obtain a solution hav-

ing a final concentration of about 1.5 mg per mL.

Procedure—Determine the absorbance of the Test solu-

tion at the wavelength of maximum absorbance at about

446 nm, with a suitable spectrophotometer, using dehy-

drated alcohol as a blank. Calculate the percentage of total

carotenoids as lutein (C40H56O2) by the formula:

1000A / 255W,

in which A is the absorbance of the Test solution; W is the

weight, in g, of Lutein taken to prepare the Test stock solu-

tion; and 255 is the absorptivity of the pure lutein.
~NF22

BRIEFING

Lutein Preparation, page 634 of PF 28(2) [Mar.–Apr. 2002].
This new monograph, which previously appeared in Pharmaco-
peial Previews, is now forwarded to In-Process Revision. See
briefing under Lutein. A monograph for Lutein Preparation is being
previewed for commercial materials containing lutein that is com-
bined with one or more inert substances to increase the stability of
the lutein and to facilitate the manufacture of dietary supplements
containing lutein. To determine the Content of total carotenoids in
Lutein Preparation, different test preparations are required and are
dependent on the type of Preparation. For products as a gelatin ma-
trix or beadlet, an enzymatic hydrolysis is needed to release the
carotenoids from a gelatin matrix. Other procedures are needed
for other, nongelatin, solid lutein preparations or lutein suspensions
in oil. The UV test for Content of total carotenoids does not dis-
tinguish between lutein and zeaxanthin; therefore, a separate
HPLC procedure is used to determine the ratio of lutein and zeax-
anthin.

(DSN: G. Giancaspro) RTS—36020-2; 36021-2

Add the following:

~Lutein Preparation

» Lutein Preparation is a combination of Lutein

with one or more inert substances. It may be in

a solid or a liquid form. It contains not less than

95.0 percent and not more than 120.0 percent of

the labeled amount of total carotenoids, calculated

as lutein (C40H56O2) on the anhydrous basis. The

lutein content of total carotenoids is not less than

93.5 percent and the zeaxanthin content is not

more than 10.0 percent.

Packaging and storage—Preserve in tight, light-resistant

containers, in a cold place.

Labeling—The label states that this article is not intended

for direct administration to humans or to animals.

USP Reference standards h11i—USP Lutein RS.
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Identification—

A: Ultraviolet Absorption h197Ui—

Spectral range: 300 to 700 nm

Solution—Prepare as directed for the Test solution in the

test for Content of total carotenoids.

Ratio: A446 / A474, between 1.09 and 1.11.

B: The retention time of the major peak in the chroma-

togram of the Test solution corresponds to that in the chro-

matogram of the Standard solution, as obtained in the test

for Content of lutein.

Water, Method I h921i: not more than 1.0 %.

Residue on ignition h281i: not more than 1.0 %.

Lead h251i: not more than 1 mg per g.

Heavy metals, Method II h231i: not more than 5 mg per g.

Organic volatile impurities, Method IV h467i: meets the

requirements.

Solvent: dimethylformamide or dimethyl sulfoxide.

Zeaxanthin and other related compounds—

Solvent, Mobile phase, Standard solution, Test solution,

and Chromatographic system—Proceed as directed under

Content of lutein.

Procedure—Inject a volume (about 10 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure the peak responses. Calculate the percentage of

zeaxanthin relative to total carotenoids in the Preparation ta-

ken by the formula:

100(ri / rs),

in which ri is the individual peak response of zeaxanthin,

and rs is the sum of the responses of all the peaks. Calculate

the percentage of other related compounds relative to total

carotenoids in the Preparation taken by the formula:

100(ri / rs),

in which ri is the individual peak response of any other peak

in the chromatogram (excluding zeaxanthin and lutein), and

rs is the sum of the responses of all the peaks: not more than

0.1% of any other impurity is found.

Content of lutein—

Solvent: a mixture of hexanes, acetone, toluene, and dehy-

drated alcohol (10:7:7:6).

Mobile phase—Prepare a filtered and degassed mixture of

hexane and ethyl acetate (75:25). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard solution—Dissolve a suitable quantity of USP

Lutein RS in Mobile phase to obtain a solution containing

about 150 mg per mL.

Test solution—Transfer 1.0 mL of Test stock solution 1, or

1.0 mL of Test stock solution 2, or 2.0 mL of Test stock solu-

tion 3 from the test for the Content of total carotenoids into a

suitable vial. Evaporate the solvent to dryness under a

stream of nitrogen. Add about 1.0 mL of Mobile phase,

and sonicate to dissolve.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 446-nm detec-

tor and a 4.6-mm 6 25-cm column that contains 3-mm

packing L3. The flow rate is about 1.5 mL per minute. Chro-

matograph the Standard solution, and record the peak re-

sponses as directed for Procedure: the relative retention

times are about 1.05 for zeaxanthin, and 1.0 for lutein; the

resolution, R, between lutein and zeaxanthin is not less than

1.0; the tailing factor is not more than 2; and the relative

standard deviation for replicate injections is not more than

2.0%.
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Procedure—Inject a volume (about 10 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure the peak responses. Calculate the percentage of

lutein relative to total carotenoids in the Preparation taken

by the formula:

100(ri / rs),

in which ri is the individual peak response of lutein, and rs is

the sum of the responses of all the peaks: not less than

93.5% of lutein is found.

Content of total carotenoids—

Solvent: a mixture of hexanes, acetone, toluene, and dehy-

drated alcohol (10:7:7:6).

Test stock solution 1 (for solid lutein preparations labeled

as containing gelatin)—Transfer the amount of Preparation,

equivalent to about 4.5 mg of lutein, to a 100-mL flask. Add

about 20 mL of warm water, about 60 Units of a bacterial

alkaline protease preparation, and 1 mg of bromelain. Insert

the stopper into the flask, and sonicate for 30 minutes with

occasional swirling. Cool to room temperature, and add 30.0

mL of methylene chloride. Shake the flask for 1 minute, and

place in the dark for 30 minutes to allow separation of the

layers. Transfer about 10 mL of the red lower layer to a test

tube containing 2 to 3 g of anhydrous sodium sulfate. Insert

the stopper into the tube, and shake gently.

Test stock solution 2 (for other solid lutein prepara-

tions)—Transfer the amount of Preparation, equivalent to

about 4.5 mg of lutein, to a 100-mL flask. Add about 20

mL of warm water, insert the stopper into the flask, and son-

icate for 30 minutes with occasional swirling. Cool to room

temperature, and add 30.0 mL of methylene chloride. Shake

the flask for 1 minute, and place in the dark for 30 minutes to

allow separation of the layers. Transfer about 10 mL of the

red lower layer to a test tube containing 2 to 3 g of anhy-

drous sodium sulfate. Insert the stopper into the tube, and

shake gently.

Test stock solution 3 (for liquid lutein suspensions in

oil)—Transfer an accurately weighed amount of Prepara-

tion, equivalent to about 6 mg of lutein, to a 100-mL volu-

metric flask, and dilute with Solvent to volume. Add a

magnetic bar, and stir for 30 minutes.

Test solution—Transfer 1.0 mL of Test stock solution 1, or

1.0 mL of Test stock solution 2, or 2 mL of Test stock solu-

tion 3 into a 100-mL volumetric flask, and dilute with dehy-

drated alcohol to volume.

Procedure—Determine the absorbance of the Test solu-

tion at the wavelength of maximum absorbance at about

446 nm, with a suitable spectrophotometer, using dehy-

drated alcohol as a blank. Calculate the percentage of total

carotenoids as lutein (C40H56O2) in the Preparation by the

formula:

100VDA / 225W,

in which V is the volume of organic solvent, (30.0 mL for

Test stock solution 1, 30.0 mL for Test stock solution 2, and

100.0 mL for Test stock solution 3) used in preparing the

Test stock solution; D is the dilution factor used in preparing

the Test solution; A is the absorbance of the Test solution; W

is the weight, in mg, of Preparation taken to prepare the Test

stock solution; and 255 is the absorptivity of the pure lu-

tein.
~NF22

BRIEFING

Magnesium Stearate, NF 21 page 2787. In the test for Micro-
bial limits, it is proposed to change the total combined mold and
yeasts count from 500 cfu per gram to 100 cfu per gram in order to
achieve consistency with monographs for similar articles.

(EMC: C. Sheehan; AMB: D. Porter) RTS—37473-2
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Change to read:
Microbial limits h61i—The total aerobic microbial count does not
exceed 1000 per g
~

cfu per g
~NF22

, the total combined molds and yeasts count does not exceed 500
per g
~

100 cfu per g,
~NF22

and it meets the requirements of the tests for absence of Salmonel-
la species and Escherichia coli.

BRIEFING

Medium-Chain Triglycerides, page 1645 of PF 28(5) [Sept.–
Oct. 2002]. This new monograph, which previously appeared in
Pharmacopeial Previews, is now forwarded to In-Process Revi-
sion. It is proposed to add storage conditions to the Packaging
and storage section.

(EMC: E. Gonikberg; PSD: C. Okeke) RTS—39446-1

Add the following:

~Medium-Chain Triglycerides

Glycerides, mixed decanoyl and octanoyl.

Caprylic and capric triglycerides.

» Medium-Chain Triglycerides are obtained from

the oil extracted from the hard, dried fraction of

the endosperm of Cocos nucifera L. or from the

dried endosperm of Elaeis guineensis Jacq. They

consist of a mixture of triglycerides of saturated

fatty acids, mainly of caprylic acid (C8H16O2)

and of capric acid (C10H20O2). They contain not

less than 95 percent of saturated fatty acids with

8 and 10 carbon atoms.

Packaging and storage—Preserve in well-filled, tight,

light-resistant containers. Preserve in tight containers, pro-

tected from light. Store at temperatures not exceeding 258.

Labeling—Where it is intended for use in parenteral nutri-

tion, it is so labeled.

Appearance—The substance is clear and not more in-

tensely colored than a solution prepared immediately before

use by mixing 2.4 mL of ferric chloride CS and 0.6 mL of

cobaltous chloride CS with Diluent to make 10.0 mL, and

diluting 5.0 mL of the solution so obtained with Diluent to

make 10.0 mL. Make the comparison by viewing the

substance and the solution downward in matched color-

comparison tubes against a white surface (see Color and

Achromicity h631i).

Diluent—Transfer 27.5 mL of hydrochloric acid to a

1000-mL volumetric flask, and dilute with water to volume.

Identification—

A: It meets the requirements of the test for Saponifica-

tion value.

B: It meets the requirements of the test for Fatty acid

composition.

Specific gravity h841i: between 0.93 and 0.96, at 208.

Acid value h401i: not more than 0.2.

Hydroxyl value h401i: not more than 10.

Iodine value h401i: not more than 1.0.

Peroxide value h401i: not more than 1.0.

Saponification value h401i: between 310 and 360, deter-

mined on 1.0 g.

Unsaponifiable matter h401i: not more than 0.5%, deter-

mined on 5.0 g.
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Fatty acid composition h401i—The fatty acid fraction of

Medium-Chain Triglycerides exhibits the following compo-

sition, as determined in the section Fatty Acid Composition.

Disregard any peak with an area less than 0.05% of the total

area:

Carbon-Chain

Length

Number of

Double Bonds

Percentage (%)

6 0 �2.0

8 0 50.0–80.0

10 0 20.0–50.0

12 0 �3.0

14 0 �1.0

Viscosity h911i: between 25 and 33 centipoises determined

at 20 + 0.18 with a capillary viscometer.

Refractive index h831i: between 1.440 and 1.452, at 208.

Alkaline impurities—Dissolve 2.0 g of Medium-Chain

Triglycerides in a mixture of 1.5 mL of alcohol and 3.0

mL of ethyl ether. Add 0.05 mL of bromophenol blue TS,

and titrate with 0.01 N hydrochloric acid to a yellow end-

point: not more than 0.15 mL of 0.01 N hydrochloric acid

is required.

Water, Method I h921i: not more than 0.2%.

Total ash h561i: not more than 0.1%, determined on 2.0 g.

Heavy metals, Method II h231i—[NOTE—Use this test for

Medium-Chain Triglycerides intended for use other than in

parenteral nutrition.]

Test solution—Transfer 2.0 g of Medium-Chain Triglycer-

ides to a quartz crucible, add 0.5 g of magnesium oxide, and

mix. Ignite the crucible to dull redness until a homogeneous

white or grayish-white mass is obtained. Ignite at 8008 for 1

hour, cool, and dissolve the residue by adding two 5-mL

portions of diluted hydrochloric acid. Add 0.1 mL of phe-

nolphthalein TS and then ammonium hydroxide until a pink

color is obtained. Cool, add glacial acetic acid until the solu-

tion is decolorized, then add 0.5 mL in excess, and dilute

with water to 20.0 mL.

Standard solution—To 0.5 g of magnesium oxide add 2.0

mL of Standard Lead Solution, and evaporate to dryness at

1058 for 1 hour. Using the same conditions as prescribed for

the Test solution, ignite, dissolve in diluted hydrochloric

acid, add ammonia and then acetic acid, and dilute with

water to 20.0 mL.

Procedure— To 12 mL of the Test solution, add 2.0 mL of

pH 3.5 Acetate Buffer, mix, add to 1.2 mL of thioacetamide-

glycerin base TS, and mix immediately. To 10 mL of the

Standard solution, add 2.0 mL of the Test solution, add

2.0 mL of pH 3.5 Acetate Buffer, mix, add to 1.2 mL of

thioacetamide-glycerin base TS, and mix immediately. Pre-

pare a blank, using a mixture of 10 mL of water and 2.0 mL

of the Test solution. Compared to the blank, the Standard

solution shows a light brown color. Dilute both the Test

solution and the Standard solution with water to 50 mL, al-

low to stand for 2 minutes, and view downward over a white

surface: any brown color from the Test solution is not darker

than that of the solution from the Standard solution (not

more than 10 mg per g).

Limit of chromium—[NOTE—Use this test for Medium-

Chain Triglycerides intended for use in parenteral nutrition.]

Test stock solution—Transfer about 50 g of Medium-

Chain Triglycerides to a 100-mL volumetric flask, dissolve

in and dilute with diisobutyl ketone to volume.

Test solution—Transfer 4.0 mL of Test stock solution to a

10-mL volumetric flask, and dilute with diisobutyl ketone to

volume.

Chromium standard solution—Transfer about 0.283 g of

potassium dichromate, previously dried at 1058 for 4 hours

and accurately weighed, to a 1000-mL volumetric flask, and
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dilute with water to volume. Immediately before use, dilute

this solution with water to 1000 times its volume. This solu-

tion contains the equivalent of 0.1 mg of chromium per mL.

Standard solutions—Into each of three 10-mL volumetric

flasks, transfer 4.0 mL of Test stock solution, add 0.5, 1.0,

and 2.0 mL, respectively, of Chromium standard solution,

and dilute with diisobutyl ketone to volume. These solutions

contain 0.005 mg, 0.01 mg, and 0.02 mg of chromium per

mL, respectively.

Procedure—Concomitantly determine the absorbances of

the Standard solutions and the Test solution at least three

times each, at the wavelength of maximum absorbance at

357.8 nm, with a suitable atomic absorption spectrophotom-

eter (see Spectrophotometry and Light-Scattering h851i)

equipped with a graphite furnace and a chromium hollow-

cathode lamp, using argon as the carrier gas. Record the

average of the steady readings for each of the Standard so-

lutions and the Test solution. Plot the absorbances of the

Standard solutions and the Test solution versus the concen-

tration of added chromium. Draw the straight line best fit-

ting the points, and extrapolate the line until it meets the

concentration axis. The distance between this point and

the intersection of the axes represents the concentration of

chromium in the Test solution. Not more than 0.05 mg per

g is found.

Limit of copper—[NOTE—Use this test for Medium-Chain

Triglycerides intended for use in parenteral nutrition.]

Test stock solution and Test solution—Proceed as directed

in the test for Limit of chromium.

Copper standard solution—Transfer about 0.393 g of

cupric sulfate, accurately weighed, to a 1000-mL volumetric

flask, and dilute with water to volume. Immediately before

use, dilute this solution with water to 1000 times its volume.

This solution contains the equivalent of 0.1 mg of copper per

mL.

Standard solutions—Into each of three 10-mL volumetric

flasks, transfer 4.0 mL of Test stock solution, add 1.0, 2.0,

and 4.0 mL, respectively, of Copper standard solution, and

dilute with diisobutyl ketone to volume. These solutions

contain 0.01 mg, 0.02 mg, and 0.04 mg of copper per mL,

respectively.

Procedure—Concomitantly determine the absorbances of

the Standard solutions and the Test solution at least three

times each, at the wavelength of maximum absorbance at

324.7 nm, with a suitable atomic absorption spectrophotom-

eter (see Spectrophotometry and Light-Scattering h851i)

equipped with a graphite furnace and a copper hollow-cath-

ode lamp, using argon as the carrier gas. Record the average

of the steady readings for each of the Standard solutions and

the Test solution. Plot the absorbances of the Standard solu-

tions and the Test solution versus the concentration of added

copper. Draw the straight line best fitting the points, and ex-

trapolate the line until it meets the concentration axis. The

distance between this point and the intersection of the axes

represents the concentration of copper in the Test solution.

Not more than 0.1 mg per g is found.

Limit of lead—[NOTE—Use this test for Medium-Chain

Triglycerides intended for use in parenteral nutrition.]

Test stock solution and Test solution—Proceed as directed

in the test for Limit of chromium.

Lead standard solution—Dissolve 160 mg of lead nitrate

in 100 mL of water that contains 1 mL of lead-free nitric

acid, and dilute with water to 1000 mL. Pipet 10 mL of this

solution into a 100-mL volumetric flask, dilute with water to

volume, and mix. Immediately before use, dilute this solu-

tion with water to 100 times its volume. This solution con-

tains the equivalent of 0.1 mg of lead per mL.

Standard solutions—Into each of three 10-mL volumetric

flasks, transfer 4.0 mL of Test stock solution, add 1.0, 2.0,

and 4.0 mL, respectively, of Lead standard solution, and di-
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lute with diisobutyl ketone to volume. These solutions con-

tain 0.01 mg, 0.02 mg, and 0.04 mg of lead per mL, respec-

tively.

Procedure—Concomitantly determine the absorbances of

the Standard solutions and the Test solution at least three

times each, at the wavelength of maximum absorbance at

283.3 nm, with a suitable atomic absorption spectrophotom-

eter (see Spectrophotometry and Light-Scattering h851i)

equipped with a graphite furnace coated inside with palla-

dium carbide and a lead hollow-cathode lamp, using argon

as the carrier gas. Calcination is carried out in the presence

of oxygen at a temperature below 8008. Record the average

of the steady readings for each of the Standard solutions and

the Test solution. Plot the absorbances of the Standard solu-

tions and the Test solution versus the concentration of added

lead. Draw the straight line best fitting the points, and extra-

polate the line until it meets the concentration axis. The dis-

tance between this point and the intersection of the axes

represents the concentration of lead in the Test solution.

Not more than 0.1 mg per g is found.

Limit of nickel—[NOTE—Use this test for Medium-Chain

Triglycerides intended for use in parenteral nutrition.]

Test stock solution and Test solution—Proceed as directed

in the test for Limit of chromium.

Nickel standard solution—Immediately before use, dilute

10 mL of nickel standard solution TS with water to 1000

mL. This solution contains the equivalent of 0.1 mg of nickel

per g.

Standard solutions—Into each of three 10-mL volumetric

flasks, transfer 4.0 mL of Test stock solution, add 1.0, 2.0,

and 4.0 mL, respectively, of Nickel standard solution, and

dilute with diisobutyl ketone to volume. These solutions

contain 0.01 mg, 0.02 mg, and 0.04 mg of nickel per mL, re-

spectively.

Procedure—Concomitantly determine the absorbances of

the Standard solutions and the Test solution at least three

times each, at the wavelength of maximum absorbance at

232 nm, with a suitable atomic absorption spectrophotome-

ter (see Spectrophotometry and Light-Scattering h851i)

equipped with a graphite furnace and a nickel hollow-cath-

ode lamp, using argon as the carrier gas. Record the average

of the steady readings for each of the Standard solutions and

the Test solution. Plot the absorbances of the Standard solu-

tions and the Test solution versus the concentration of added

nickel. Draw the straight line best fitting the points, and ex-

trapolate the line until it meets the concentration axis. The

distance between this point and the intersection of the axes

represents the concentration of nickel in the Test solution.

Not more than 0.1 mg per g is found.

Limit of tin—[NOTE—Use this test for Medium-Chain Tri-

glycerides intended for use in parenteral nutrition.]

Test stock solution and Test solution—Proceed as directed

in the test for Limit of chromium.

Tin standard solution—Dissolve 500 mg of metallic tin

(Sn), accurately weighed, in a mixture of 5 mL of water

and 25 mL of hydrochloric acid, and dilute with water to

1000 mL. Immediately before use, dilute 10 mL of this solu-

tion with dilute hydrochloric acid (2.5 in 100) to 1000 mL,

and then dilute 10 mL of the solution so obtained with water

to 500 mL. This solution contains the equivalent of 0.1 mg of

tin per g.

Standard solutions—Into each of three 10-mL volumetric

flasks, transfer 4.0 mL of Test stock solution, add 1.0, 2.0,

and 4.0 mL, respectively, of Tin standard solution, and di-

lute with diisobutyl ketone to volume. These solutions con-

tain 0.01 mg, 0.02 mg, and 0.04 mg of tin per mL,

respectively.
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Procedure—Concomitantly determine the absorbances of

the Standard solutions and the Test solution at least three

times each, at the wavelength of maximum absorbance at

286.3 nm, with a suitable atomic absorption spectrophotom-

eter (see Spectrophotometry and Light-Scattering h851i)

equipped with a graphite furnace coated inside with palla-

dium carbide and a tin hollow-cathode lamp, using argon

as the carrier gas. Record the average of the steady readings

for each of the Standard solutions and the Test solution. Plot

the absorbances of the Standard solutions and the Test solu-

tion versus the concentration of added tin. Draw the straight

line best fitting the points, and extrapolate the line until it

meets the concentration axis. The distance between this

point and the intersection of the axes represents the concen-

tration of tin in the Test solution. Not more than 0.1 mg per g

is found.
~NF22

BRIEFING

Milk Thistle Capsules, NF 21 page 2797. It has been reported
that lauryl sulfate at 2% precipitates in potassium phosphate buffer
at temperatures below 308. Therefore, precipitation of dissolution
medium may occur in samples if they are allowed to cool prior to
injection in the chromatograph. In order to avoid this problem, it is
proposed to use sodium monobasic phosphate (monohydrate) in-
stead of potassium monobasic phosphate in the test for Disintegra-
tion and dissolution. It is reported that the proposed dissolution
medium stays in solution at lower temperatures than the current
one.

(BNA: G. Giancaspro) RTS—39415-1

Change to read:
Disintegration and dissolution h2040i: meet the requirements for
Dissolution.

pH 7.5 Phosphate buffer—Dissolve 27.2
~

27.6
~NF22

g of monobasic potassium

~

sodium
~NF22

phosphate and 6.08 g of sodium hydroxide in water, and dilute
with water to 4000 mL.

Medium: pH 7.5 Phosphate buffer containing 2% lauryl sulfate;
900 mL.
Apparatus 2: 100 rpm.
Time: 45 minutes.
Determine the amount of silymarin as silybin (C25 H20O10) dis-

solved by employing the method in the test for Content of silymar-
in, making any necessary modifications.
Tolerances—Not less than 75% of the labeled amount of sily-

marin as silybin (C25H22O10) is dissolved in 45 minutes.

BRIEFING

Propylene Glycol Monostearate, NF 21 page 2824. On the ba-
sis of comments received, it is proposed to delete this monograph,
as the NF grade is no longer commercially available. Interested
parties are encouraged to comment.

(EMC: C. Sheehan) RTS—39418-1

Delete the following:

~Propylene Glycol Monostearate
Octadecanoic acid, monoester with 1,2-propanediol.
1,2-Propanediol monostearate [1323-39-3].

» Propylene Glycol Monostearate is a mixture of the
propylene glycol mono- and di-esters of stearic and
palmitic acids. It contains not less than 90.0 percent
of monoesters of saturated fatty acids, chiefly propy-
lene glycol monostearate (C21H42O3) and propylene
glycol monopalmitate (C19H38O3).

Packaging and storage—Preserve in well-closed containers.

Congealing temperature h651i: not lower than 458.
Residue on ignition h281i: not more than 0.5%.

Acid value h401i: not more than 4.

Saponification value h401i: between 155 and 165.

Hydroxyl value h401i: between 160 and 175.

Iodine value h401i: not more than 3.

Free glycerin and propylene glycol—
Periodic acid solution—Dissolve 5.4 g of periodic acid in 100

mL of water, and add 1900 mL of glacial acetic acid. Store in a
glass-stoppered bottle, protected from light.
Chloroform—Use chloroform that meets the following addi-

tional requirement. To each of three glass-stoppered, 500-mL coni-
cal flasks add 50.0 mL of Periodic acid solution, then add 50 mL of
chloroform and 10 mL of water to two of the flasks and 50 mL of
water to the third flask. To each flask add 20 mL of potassium io-
dide TS, mix gently, and proceed as directed for Procedure, begin-
ning with ‘‘allow to stand for 1 to 5 minutes.’’ The difference
between the volumes of 0.1 N sodium thiosulfate required in the
titrations with and without the chloroform does not exceed 100 mL.
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Procedure—Melt the Propylene Glycol Monostearate at a tem-
perature not above 558, and mix. Transfer a 3-g portion, accurately
weighed, to a 100-mL beaker, and dissolve in 25 mL of Chloro-
form. Transfer this solution, with the aid of another 25-mL portion
of Chloroform, to a separator, wash the beaker with 25 mL of
water, and add the washing to the separator. Insert the stopper,
shake vigorously for 30 to 60 seconds, and allow the layers to sep-
arate, adding 1 mL to 2 mL of glacial acetic acid, if necessary, to
break any emulsion. Transfer the aqueous layer to a glass-stop-
pered, 500-mL conical flask, wash the chloroform layer with two
25-mL portions of water, combining the washings with the aque-
ous layer, and discard the chloroform layer. Add, with swirling,
50.0 mL of Periodic acid solution to the solution and to another
glass-stoppered, 500-mL conical flask containing 75 mL of water
to provide the blank. Allow to stand for 30 to 90 minutes. To each
flask add 20 mL of potassium iodide TS, mix gently, and allow to
stand for 1 to 5 minutes before titrating. Add 100 mL of water, and
titrate with 0.1 N sodium thiosulfate VS until the brown iodine col-
or fades to pale yellow, add 3 mL of starch TS, and continue the
titration to the disappearance of the blue color. Propylene Glycol
Monostearate contains not more than 1.0% of free glycerin and
propylene glycol, calculated as propylene glycol taken by the for-
mula:

[3.805N(B – T)] /W,

in which 3.805 is the molecular weight of propylene glycol divided
by 20, N is the exact normality of the sodium thiosulfate solution, B
and T are the volumes, in mL, of sodium thiosulfate consumed in
the titrations of the blank solution and test solution, respectively,
andW is the weight, in g, of Propylene Glycol Monostearate taken.

Propylene glycol monoesters—Transfer about 25 g to a 500-mL,
round-bottom flask, add 250 mL of alcohol and 7.5 g of potassium
hydroxide, and mix. Connect a suitable condenser to the flask, re-
flux the mixture for 2 hours, cool, and transfer to an 800-mL bea-
ker, rinsing the flask with about 100 mL of water and combining
the rinsing with the mixture in the beaker. Heat on a steam bath to
evaporate the alcohol, adding water occasionally to replace the al-
cohol, and continue the evaporation until the odor of alcohol can
no longer be detected. Adjust the volume, with hot water, to about
250 mL, neutralize with a mixture of equal volumes of sulfuric acid
and water, noting the volume used, and add a 10% excess of the
dilute acid. Heat with stirring until the fatty acid layer separates,
and transfer the fatty acids to a 500-mL separator. Wash the fatty
acids with four 200-mL portions of hot water, and discard the
washings. Dry the fatty acids at 1058 for 1 hour, cool, and deter-
mine the Acid value, A, on a 1-g portion, accurately weighed, as
directed for Acid (Free Fatty Acids) under Fats and Fixed Oils
h401i. Calculate the percentage of propylene glycol monoesters ta-
ken by the formula:

[M(H – F)] / 561.1;

calculateM, the average molecular weight of the monoesters, taken
by the formula:

(56,110 /A) + 76.10 – 18.02;

and calculate F taken by the formula:

561.1G / 38.05,

in which H is the Hydroxyl value of Propylene Glycol Monostea-
rate, G is the content, in percentage, of glycerin and propylene gly-
col in Propylene Glycol Monostearate, 561.1 and 56,110 are 10
and 1000 times the molecular weight of potassium hydroxide, re-
spectively, 38.05 is one-half of the molecular weight of propylene
glycol (76.10), and 18.02 is the molecular weight of water.

Organic volatile impurities, Method IV h467i: meets the requir-
ements.

~NF22

BRIEFING

Stearic Acid, NF 21 page 2844 and page 839 of PF 28(3)
[May–June 2002]. On the basis of comments received, it is pro-
posed to add aMicrobial limits h61i test to the current monograph.
See briefing under Magnesium Stearate appearing elsewhere in
this PF.

(EMC: C. Sheehan; AMB: D. Porter) RTS—39450-1

Add the following:

~

Microbial limits h61i—The total aerobic microbial count

does not exceed 103 cfu per g, the total combined mold and

yeasts count does not exceed 102 cfu per g, and it meets the

requirements of the tests for absence of Salmonella species

and Escherichia coli.
~NF22

Change to read:
Iodine value h401i: not more than 4.

&Proceed as directed in Method I except to use 35 mL of

chloroform.&1

GENERAL CHAPTERS

General Tests and Assays

General Requirements for
Tests and Assays

BRIEFING

h1i Injections, USP 26 page 1963 and page 1910 of PF 28(6)
[Nov.–Dec. 2002]. The proposal to require color coding and cau-
tionary labeling on vials containing neuromuscular blocking agents
was revisited by the three Expert Committees that have a shared
responsibility for this action (i.e., Parenteral Products—Industrial,
Nomenclature and Labeling, and Safe Medication Use Expert
Committees). After reviewing the public comments received, all
voted against the color coding proposal and to retain the cautionary
labeling. It was concluded that color coding of drug products is

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
480 IN-PROCESS REVISION Vol. 29(2) [Mar.–Apr. 2003]



fraught with many recognition problems and could produce more
harm than good. The proposed change would be effective about 18
months after it becomes official in the USP to provide sufficient
time for manufacturers to take appropriate action.

(PPI: F. Barletta) RTS—37469-1

Change to read:

LABELS AND LABELING

Labeling—[NOTE—See definitions of ‘‘label’’ and ‘‘labeling’’ un-
der Labeling in the section Preservation, Packaging, Storage, and
Labeling of the General Notices and Requirements.]
The label states the name of the preparation; in the case of a liq-

uid preparation, the percentage content of drug or amount of drug
in a specified volume; in the case of a dry preparation, the amount
of active ingredient; the route of administration; a statement of stor-
age conditions and an expiration date; the name

&and place of business&2

of the manufacturer and

&, packer or&2

distributor; and an identifying lot number. The lot number is cap-
able of yielding the complete manufacturing history of the specific
package, including all manufacturing, filling, sterilizing, and label-
ing operations.
Where the individual monograph permits varying concentra-

tions of active ingredients in the large-volume parenteral, the con-
centration of each ingredient named in the official title is stated as if
part of the official title, e.g., Dextrose Injection 5%, or Dextrose
(5%) and Sodium Chloride (0.2%) Injection.
The labeling includes the following information if the complete

formula is not specified in the individual monograph: (1) In the
case of a liquid preparation, the percentage content of each ingre-
dient or the amount of each ingredient in a specified volume, ex-
cept that ingredients added to adjust to a given pH or to make the
solution isotonic may be declared by name and a statement of their
effect; and (2) in the case of a dry preparation or other preparation
to which a diluent is intended to be added before use, the amount of
each ingredient, the composition of recommended diluent(s) [the
name(s) alone, if the formula is specified in the individual mono-
graph], the amount to be used to attain a specific concentration of
active ingredient and the final volume of solution so obtained, a
brief description of the physical appearance of the constituted solu-
tion, directions for proper storage of the constituted solution, and
an expiration date limiting the period during which the constituted
solution may be expected to have the required or labeled potency if
it has been stored as directed.
Containers for Injections that are intended for use as dialysis,

hemofiltration, or irrigation solutions and that contain a volume
of more than 1 liter are labeled to indicate that the contents are
not intended for use by intravenous infusion.
Injections intended for veterinary use are labeled to that effect.
The container is so labeled that a sufficient area of the container

remains uncovered for its full length or circumference to permit
inspection of the contents.

&For neuromuscular blocking and paralyzing agents, refer to

Containers for Injections in the section Packaging for ap-

propriate warning labeling.

Aluminum in Large- and Small-Volume Parenterals

Used in Total Parenteral Nutrition

(a) The aluminum content of large-volume parenteral

(LVP) drug products used in total parenteral nutrition

(TPN) therapy must not exceed 25 mg per liter (mg/L).

(b) The package insert of LVPs used in TPN therapy must

state that the drug product contains no more than 25 mg

of aluminum per liter. This information must be con-

tained in the ‘‘Precautions’’ section of the labeling of

all large volume parenterals used in TPN therapy.

(c) The maximum level of aluminum present at expiry

must be stated on the immediate container label of all

small volume parenteral (SVP) drug products and phar-

macy bulk packages (PBPs) used in the preparation of

TPN solutions. The aluminum content must be stated as

follows: ‘‘Contains no more than ___ mg of aluminum

per liter.’’ The immediate container label of all SVPs

and PBPs that are lyophilized powders used in the prep-

aration of TPN solutions must contain the following

statement: ‘‘When reconstituted in accordance with

the package insert instructions, the concentration of alu-

minum will be no more than ____ mg per liter.’’ This

maximum level of aluminum must be stated as the

highest of the following:

(1) The highest level for the batches produced during

the last 3 years;

(2) The highest level for the latest five batches, or

(3) The maximum historical level, but only until com-

pletion of production of the first five batches after

January 26, 2001.

(d) The package insert for all LVPs, all SVPs, and PBPs

used in TPN must contain a warning statement. This

warning must be contained in the ‘‘Warnings’’ section

of the labeling. The warning must state the following:
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WARNING: This product contains aluminum that may be

toxic. Aluminum may reach toxic levels with prolonged par-

enteral administration if kidney function is impaired. Prema-

ture neonates are particularly at risk because their kidneys

are immature, and they require large amounts of calcium

and phosphate solutions that contain aluminum.

Research indicates that patients with impaired kidney

function, including premature neonates, who receive parent-

eral levels of aluminum at greater than 4 to 5 mg per kg per

day accumulate aluminum at levels associated with central

nervous system and bone toxicity. Tissue loading may occur

at even lower rates of administration.&2

PACKAGING

Change to read:

Containers for Injections

Containers, including the closures, for preparations for injec-
tions do not interact physically or chemically with the preparations
in any manner to alter the strength, quality, or purity beyond the
official requirements under the ordinary or customary conditions
of handling, shipment, storage, sale, and use. The container is
made of material that permits inspection of the contents. The type
of glass preferable for each parenteral preparation is usually stated
in the individual monograph. Unless otherwise specified in the in-
dividual monograph, plastic containers may be used for packaging
injections

&(see Containers h661i.&2

For definitions of single-dose and multiple-dose containers, see
Containers in the General Notices and Requirements. Containers
meet the requirements under Containers h661i.

Containers are closed or sealed in such a manner as to prevent
contamination or loss of contents. Validation of container integrity
must demonstrate no penetration of microbial contamination or
chemical or physical impurities. In addition, the solutes and the ve-
hicle must maintain their specified total and relative quantities or
concentrations when exposed to anticipated extreme conditions of
manufacturing and processing, and storage, shipment, and distribu-
tion. Closures for multiple-dose containers permit the withdrawal
of the contents without removal or destruction of the closure. The
closure permits penetration by a needle and, upon withdrawal of
the needle, closes at once, protecting the container against contam-
ination. Validation of the multiple-dose container integrity must in-
clude verification that such a package prevents microbial
contamination or loss of product contents under anticipated condi-
tions of multiple entry and use.

&Piggyback containers are usually intravenous infusion

containers used to administer a second infusion through a

connector of some type or an injection port on the adminis-

tration set of the first fluid, thereby avoiding the need for

another injection site on the patient’s body. Piggyback con-

tainers are also known as secondary infusion containers.&2

Change to read:

&Potassium Chloride for Injection Concentrate&2

The use of a black closure system on a vial (e.g., a black flip-off
button and a black ferrule to hold the elastomeric closure) or the
use of a black band or series of bands above the constriction on
an ampul is prohibited, except for Potassium Chloride for Injection
Concentrate.

Add the following:

~

Neuromuscular Blocking and Paralyzing Agents

All injectable preparations of neuromuscular blocking

agents and paralyzing agents must be packaged in vials with

a closure system that is entirely anesthesia red (ASTM Pan-

tone Red 811). a cautionary statement printed on the ferrules

or cap overseal. Both the container cap ferrule and the cap

overseal must bear in black or white print (whichever pro-

vides the greatest color contrast with the ferrule or cap color)

the words: ‘‘Warning: Paralyzing Agent’’ or ‘‘Paralyzing

Agent’’ (depending on the size of the closure system). Alter-

natively, the overseal may be transparent and without words,

allowing for visualization of the warning labeling on the red

closure ferrule. When packaged in ampuls, the band or

bands above the constriction must also be anesthesia red

in color.
~USP27

(Official Aug. 1, 2004)

Containers for Sterile Solids

Containers, including the closures, for dry solids intended for
parenteral use do not interact physically or chemically with the
preparation in any manner to alter the strength, quality, or purity
beyond the official requirements under the ordinary or customary
conditions of handling, shipment, storage, sale, and use.
A container for a sterile solid permits the addition of a suitable

solvent and withdrawal of portions of the resulting solution or sus-
pension in such manner that the sterility of the product is main-
tained.
Where the Assay in a monograph provides a procedure for the

Assay preparation, in which the total withdrawable contents are to
be withdrawn from a single-dose container with a hypodermic nee-
dle and syringe, the contents are to be withdrawn as completely as
possible into a dry hypodermic syringe of a rated capacity not ex-
ceeding three times the volume to be withdrawn and fitted with a
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21-gauge needle not less than 2.5 cm (1 inch) in length, with care
being taken to expel any air bubbles, and discharged into a con-
tainer for dilution and assay.

Volume in Container

Each container of an Injection is filled with sufficient excess of
the labeled ‘‘size’’ or that volume which is to be withdrawn. See
Injections under Pharmaceutical Dosage Forms h1151i.

DETERMINATION OF VOLUME OF INJECTION IN
CONTAINERS

Select one or more containers if the volume of the container is 10
mL or more, three or more if the volume is more than 3 mL and less
than 10 mL, or five or more if the volume is 3 mL or less. Indivi-
dually take up the contents of each container selected into a dry
hypodermic syringe of a rated capacity not exceeding three times
the volume to be measured and fitted with a 21-gauge needle not
less than 2.5 cm (1 inch) in length. Expel any air bubbles from the
syringe and needle, and then discharge the contents of the syringe,
without emptying the needle, into a standardized, dry cylinder
(graduated to contain rather than to deliver the designated vol-
umes) of such size that the volume to be measured occupies at least
40% of the cylinder’s rated volume. Alternatively, the contents of
the syringe may be discharged into a dry, tared beaker, the volume,
in mL, being calculated as the weight, in g, of Injection taken di-
vided by its density. The contents of two, three, or four
~

up to five
~USP27

1- or 2-mL containers may be pooled for the measurement, pro-
vided that a separate dry syringe assembly is used for each con-
tainer. The content of containers holding 10 mL or more may be
determined by means of opening them and emptying the contents
directly into the graduated cylinder or tared beaker.
The volume is not less than the labeled volume in the case of

containers examined individually or, in the case of 1- and 2-mL
containers, is not less than the sum of the labeled volumes of the
containers taken collectively.
For Injections in multiple-dose containers labeled to yield a spe-

cific number of doses of a stated volume, proceed as directed in the
foregoing, using the same number of separate syringes as the num-
ber of doses specified. The volume is such that each syringe deli-
vers not less than the stated dose.
For Injections containing oil, warm the containers, if necessary,

and thoroughly shake them immediately before removing the con-
tents. Cool to 258 before measuring the volume.
For Injections in cartridges or prefilled syringes, assemble the

container with any required accessories such as a needle or plunger.
Following the same procedure as above, and without emptying the
needle, transfer the entire contents of each container to a dry, tared
beaker by slowly and constantly depressing the plunger. Weigh,
and calculate the volume as described above. The volume of each
container is not less than the labeled volume.
For large-volume intravenous solutions, select 1 container, and

transfer the contents into a dry measuring cylinder of such size that
the volume to be measured occupies at least 40% of its rated vol-
ume. The volume is not less than the labeled volume.

Packaging and Storage

The volume of Injection in single-dose containers provides the
amount specified for parenteral administration at one time and in
no case is more than sufficient to permit the withdrawal and admin-
istration of 1 liter.

Preparations intended for intraspinal, intracisternal, or peridural
administration are packaged only in single-dose containers.
Unless otherwise specified in the individual monograph, a multi-

ple-dose container contains a volume of Injection sufficient to per-
mit the withdrawal of not more than 30 mL.
Injections packaged for use as irrigation solutions, for hemofil-

tration or dialysis, or for parenteral nutrition are exempt from the 1-
liter restriction of the foregoing requirements relating to packaging.

Containers for Injections packaged for use as hemofiltration or
irrigation solutions may be designed to empty rapidly and may
contain a volume of more than 1 liter.
Injections labeled for veterinary use are exempt from packaging

and storage requirements concerning the limitation to single-dose
containers and the limitation on the volume of multiple-dose con-
tainers.

BRIEFING

h11i Reference Standards, USP 26 page 1966, page 3212 of
PF 22(6) [Nov.–Dec. 1996], page 4500 of PF 23(4) [July–Aug.
1997], page 5180 of PF 23(6) [Nov.–Dec. 1997], page 6925 of
PF 24(5) [Aug.–Sept. 1998], page 8222 of PF 25(3) [May–June
1999], page 8561 of PF 25(4) [July–Aug. 1999], page 8893 of
PF 25(5) [Sept.–Oct. 1999], page 9222 of PF 25(6) [Nov.–Dec.
1999], page 218 of PF 26(1) [Jan.–Feb. 2000], page 471 of PF
26(2) [Mar.–Apr. 2000], page 793 of PF 26(3) [May–June
2000], page 1101 of PF 26(4) [July–Aug. 2000], page 1369 of
PF 26(5) [Sept.–Oct. 2000], page 1606 of PF 26(6) [Nov.–Dec.
2000], page 1832 of PF 27(1) [Jan.–Feb. 2001], page 2268 of
PF 27(2) [Mar.–Apr. 2001], page 2594 of PF 27(3) [May–June
2001], page 2806 of PF 27(4) [July–Aug. 2001], page 3071 of
PF 27(5) [Sept.–Oct. 2001], page 3348 of PF 27(6) [Nov.–Dec.
2001], page 111 of PF 28(1) [Jan.–Feb. 2002], page 433 of PF
28(2) [Mar.–Apr. 2002], page 839 of PF 28(3) [May–June
2002], page 1224 of PF 28(4) [July–Aug. 2002], page 1468 of
PF 28(5) [Sept.–Oct. 2002], page 1913 of PF 28(6) [Nov.–Dec.
2002], and page 163 of PF 29(1) [Jan.–Feb. 2003].

(HDQ) RTS—38078-3; 39081-1; 39178-1; 39279-1; 39338-
1; 39352-1

Add the following:

~

USP Acesulfame Potassium RS—[To come.]
~USP27

Add the following:

~

USP Aspartame Acesulfame RS—[To come.]
~USP27

Add the following:

~

USP Dextran 4 Calibration RS—Do not dry. Store at

room temperature. Keep container tightly closed.
~USP27

Add the following:

~

USP Dextran 10 Calibration RS—Do not dry. Store at

room temperature. Keep container tightly closed.
~USP27
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Add the following:

~

USP Dextran 40 Calibration RS—Do not dry. Store at

room temperature. Keep container tightly closed.
~USP27

Add the following:

~

USP Dextran 70 Calibration RS—Do not dry. Store at

room temperature. Keep container tightly closed.
~USP27

Add the following:

~

USP Dextran 250 Calibration RS—Do not dry. Store at

room temperature. Keep container tightly closed.
~USP27

Delete the following:
~

USP Dextran Calibration RS.
~USP27

Add the following:

~

USP Fluoxetine Related Compound C RS [N-Methyl-

N-[3-phenyl-3-(4-trifluoromethyl-phenoxy)-propyl]-succi-

namic acid] (C21H22F3NO4 409.40).
~USP27

Add the following:

~

USP Glyceryl Distearate RS—[To come.]
~USP27

Add the following:

~

USP Glyceryl Monolinoleate RS—[To come.]
~USP27

Add the following:

~

USP Glyceryl Monooleate RS—[To come.]
~USP27

Change to read:
USP Iminodibenzyl RS (C14H15N 195.27)
~

(C14H13N 195.28)
~USP27

—Dry portion over silica gel for 4 hours before using. Keep con-
tainer tightly closed and protected from light.

Add the following:

~

USP Lutein RS—Do not dry. Keep tightly closed, and

store under nitrogen in a cool place. Protect from light.
~USP27

Add the following:

~

USP Topiramate RS—Do not dry; determine the water

content trimetrically at time of use. Keep container tightly

closed. Protect from light.
~USP27

Add the following:

~

USP Topiramate Related Compound A RS [2,3:4,5-bis-

O-(1-methylethylidine)-b-D-Fructopyranose] (C12H20O6

260.28)—Preserve in tight, light resistant containers be-

tween 28 and 88.
~USP27

Other Tests and Assays

BRIEFING

h429i Light Diffraction Measurement of Particle Size, page
1293 of PF 28(4) [July–Aug. 2002]. This new general test chapter,
which was previously presented in Pharmacopeial Previews, is
now forwarded to In-Process Revision with revisions initiated by
public comment: a clarification of particle size range is added to the
opening paragraph; to elaborate on checking the dispersion micro-
scopically to ensure that the agglomerates are dispersed and the
primary particles are not fractured, additional information is in-
cluded in the section Preparation of the Sample; and under Disper-
sion Liquids, techniques are added for the dispersion of small
samples and for circumstances where a suitable dispersant cannot
be found. Other editorial changes have been made.

(ETM: J. Lane) RTS—39199-1

Add the following:

~h429i LIGHT DIFFRACTION
MEASUREMENT OF PARTICLE
SIZE

Light diffraction is one of the most widely used techni-

ques for measuring the size of particles in the range of 0.1

mm to 3 mm. a wide range of particles from very fine to very

coarse.This popularity is partly due to the way precise mea-

surements can be made quickly and easily. The method is

also popular due to the flexibility of the technique, particu-

larly the way it can be adapted to measure samples presented

in various forms. The method depends on analyzing the dif-

fraction pattern produced when particles are exposed to a

collimated beam of light. As the patterns are characteristic
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of the particle size, mathematical analysis can produce an

accurate, reproducible repeatable picture of the size distribu-

tion.

This chapter provides guidance on the measurement of

size distributions of particles in any phase system (e.g.,

powders, sprays, aerosols, suspensions, emulsions, and

gas bubbles in liquids) through analysis of their angular

light-scattering patterns. The method is applicable to par-

ticle sizes ranging from approximately 0.1 mm to 3 mm.

For nonspherical particles, an equivalent-sphere size dis-

tribution is obtained because the technique uses the assump-

tion of spherical particles in its optical model. The resulting

particle size distribution may be different from those ob-

tained by methods based on other physical principles (such

as sedimentation or sieving). The laser diffraction technique

cannot distinguish between scattering by single particles

and scattering by clusters of primary particles forming an

agglomerate or an aggregate.

The laser diffraction technique is based on the phenomen-

on that particles scatter light in all directions with an inten-

sity pattern that is dependent on particle size. All present

instruments assume a spherical shape for the particles. His-

torically, the laser diffraction technique started by taking

only scattering at small angles into consideration and, thus,

has been known by the following names: Fraunhofer dif-

fraction, (near-) forward light scattering, and low-angle laser

light scattering (LALLS).

However, the technique has been broadened to include

light scattering in a wider angular range and application of

the Mie theory, in addition to approximating other techni-

ques such as that from Fraunhofer and anomalous diffrac-

tion.

The measurement of particle size is an important aspect in

the characterization of raw materials and drug formulations.

To monitor production and particle stability, efficient and ra-

pid methods for particle sizing are needed. The electronic

measurement of samples offers a convenient solution to this

problem. However, the electronic measurement will often

have to be accompanied by microscopical investigation to

determine the type of particles being investigated. Modern

drug formulations may also be particulate formulations

where the particle size will be below 100 mm, and reliable

and reproducible methods are needed for the quality control

of these drug products.

PRINCIPLE

A representative sample, dispersed at an adequate concen-

tration in a suitable liquid or gas, is passed through the beam

of a monochromatic light source, usually a laser. The light

scattered by the particles at various angles is measured by a

multi-element detector, and numerical values relating to the

scattering pattern are then recorded for subsequent analysis.

These numerical scattering values are then transformed,

using an appropriate optical model and mathematical proce-

dure, to yield the proportion of total volume to a discrete

number of size classes forming a volumetric particle size

distribution (for example, x50 describes a particle diameter

corresponding to 50% of the cumulative undersize distribu-

tion).

APPARATUS

A typical setup for a laser diffraction instrument is shown

in Figure 1.
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Fig. 1. Typical setup for a laser diffraction instrument.

A representative sample, dispersed at an adequate concen-

tration, is passed through the light beam in a measuring zone

by a transporting medium (gas or liquid); this measuring

zone should be within the working distance of the lens used.

In some cases the particle stream in a process is illuminated

directly by the laser beam for measurement, as in the case of

sprays, aerosols, and air bubbles in liquids. In other cases

(such as emulsions, pastes, and powders), representative

samples can be dispersed in suitable liquids. Often disper-

sants (such as wetting agents or stabilisers) or mechanical

forces (such as agitation or ultrasonication), or both, are ap-

plied to deagglomerate particles and to stabilize the disper-

sion. For these liquid dispersions, a recirculating system is

most commonly used, consisting of an optical measurement

cell, a dispersion bath (usually equipped with stirrer and ul-

trasonic elements), a pump, and tubing.

Dry powders can also be converted into aerosols through

application of dry powder dispersers, which apply mechan-

ical forces for deagglomeration. In this case, a dosing device

feeds the disperser with a constant mass flow of sample. The

disperser uses the energy of compressed gas or the differen-

tial pressure to a vacuum to disperse the particles. It outputs

an aerosol that is blown through the measuring zone, usually

into the inlet of a vacuum pipe that collects the particles.

There are two positions in which the particles can enter

the laser beam. In the conventional case, the particles enter

the parallel beam before and within the working distance of

the collecting lens. In the so-called reversed Fourier optics

case, the particles enter behind the collecting lens, and thus

in a converging beam.

The advantage of the conventional setup is that a reason-

able path length for the sample is allowed within the work-

ing distance of the lens. The second setup allows only small

path lengths but enables measurement of scattered light at

larger angles, which is useful when submicrometer particles

are present.

The interaction of the incident light beam with the dis-

persed particles results in a scattering pattern with different

light intensities at various angles. The total angular intensity

distribution, consisting of both direct and scattered light, is

then focused by a positive lens or an assembly of lenses onto

a multi-element detector. The lens(es) provide(s) for a scat-

tering pattern which, within limits, is not dependent upon

the location of the particles in the light beam. Thus the con-

tinuous angular intensity distribution is converted into a dis-

crete spatial intensity distribution on a set of detector

elements.
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It is assumed that the recorded scattering pattern of the

particle ensemble is identical to the sum of the patterns from

all individual single scattering particles presented in random

relative positions. Note that only a limited angular range of

scattered light is collected by the lens(es), and thus by the

detector.

PREPARATION OF THE SAMPLE

Prepare a representative sample of suitable volume for the

measurement by an adequate sample splitting technique.

Sprays, aerosols, and gas bubbles in liquid should be mea-

sured directly, provided that their concentration is at an ade-

quate level, since sampling or dilution is generally

impossible without altering the particle size distribution.

The dispersion procedure shall be adjusted to the purpose

of the measurement: for example, one must decide whether

agglomerates should be detected or broken down to primary

particles.

For the development of a method, it is necessary to check

that comminution of the primary particles does not occur,

and conversely that a good dispersion of the agglomerates

has been achieved. This The dry particles may be examined

microscopically before and after the addition and dispersion

of aliquots of the dispersing liquid to determine if the par-

ticle size has changed, and if the agglomerates are dispersed

but the primary particles are not fractured. The effect of the

dispersion process can usually be done checked by changing

the dispersing energy and monitoring the change of the size

distribution. The measured size distribution does not change

significantly if the sample is well dispersed and the particles

are neither fragile nor soluble. Microscopy may also be used

to investigate primary particle comminution and adequacy

of dispersion.

Dispersion Liquids

A variety of liquids are available for the dispersion of

powders and must have the following characteristics:

— be transparent at the laser wavelength and free from air

bubbles or other particles,

— be compatible with the materials used in the instrument

(O-ring, tubing, etc.),

— not dissolve or alter the size of the particulate materials,

— favor easy and stable dispersion of the particulate ma-

terial,

— have suitable viscosity to enable calculation,

— have a refractive index differing from that of the ma-

terial (for Mie calculation),

— not be hazardous to health and meet safety require-

ments.

A low-foaming surfactant and dispersant may be used to

facilitate the wetting of the particles and to stabilize the dis-

persion. A preliminary check on the dispersion quality can

be made by visual or microscopic inspection of the suspen-

sion.

If very small samples are required, it is also possible to

take fractional samples out of a well-mixed sample paste

if the material is neither fragile nor soluble. The consistency

of the paste then prevents segregation errors. The pastes are

formed by adding dispersant to the sample dropwise, while

mixing it with a spatula. As long as the mixture forms

lumps, single drops should be added while continuing the

mixing after each drop. A good consistency for the paste

is one like honey or toothpaste. If the paste becomes too

fluid by mistake, it cannot be used, and a new preparation

is initiated.

Alternatively, a concentrated suspension may be pre-

pared. While stirring this concentrated suspension, a small

aliquot is removed and transferred to the optical measure-
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ment cell containing the blank dispersing medium. Care

must be taken to ensure the complete transfer of the sample

and that settling of the larger particles does not occur.

Where a dispersant that does not dissolve the particles

cannot be found, it may be possible to use a prefiltered, sa-

turated solution of the sample in the dispersing solvent as

the dispersant. Such a saturated solution may be produced

by stirring an excess of sample in the dispersing solvent

for several hours. For weak acids and weak bases, buffering

of the dispersing solvent at low or high pH, respectively, can

assist in identifying a suitable dispersant. The saturated me-

dium is filtered using a membrane filter to remove any un-

dissolved sample before use. This approach is not suitable if

the sample forms a more viscous concentrated solution.

Dispersion Gases

For dry dispersion and spray applications, a compressed

gas is sometimes used. If used, it is essential that it is free

from oil, water, and particles. To achieve this, a dryer with a

filter is required. Any vacuum unit is located away from the

measurement zone, so that the output of the hot air does not

reach the measuring zone. Avoid drafts in order to avoid un-

stable particulate streams.

Concentration

The particle concentration in the dispersion should be

above a minimum level, which for many instruments will

correspond to about 5% obscuration, in order to produce

an acceptable signal-to-noise ratio in the detector. Likewise,

it should be below a maximum level in order to avoid mul-

tiple scattering (for example, 35% above 20 mm and 15%

below 20 mm).

The range of concentrations is influenced by the laser

beam width, the path length of the measurement zone, the

optical properties of the particles, and the sensitivity of

the detector elements. In view of the above, perform mea-

surements at different particle concentrations in order to de-

cide on the optimum concentration range that achieves the

required obscuration for any typical sample of material.

MEASUREMENT

Setting Up the Instrument and Blank Measurement

After selection of the appropriate particle size range and

proper alignment of the optical part of the instrument, a

blank measurement is performed in which a particle-free

dispersion medium is used.

Measurement of the Scattering of Dispersed
Sample(s)

Generally, a measuring time allowing for a large number

of detector scans or sweeps at short time intervals is used

(typically some 2 seconds or 1000 sweeps). For each detec-

tor element an average signal is calculated, sometimes to-

gether with its standard deviation. Data are stored in the

computer memory. The magnitude of the signal from each

detector element depends upon the detection area, the light

intensity, and the quantum efficiency. The coordinates (size

and position) of the detector elements, together with the fo-

cal distance of the lens, determine the region of scattering

angles for each element. Generally all these factors are fac-

tory-determined and stored in the computer.

Most instruments also measure the intensity of the central

laser beam. The difference between a dispersed sample and

a blank experiment is given as an obscuration value, which

is indicative of the total amount of scattering light and the

particle concentration.
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Selection of an Appropriate Optical Model

Most often either the Fraunhofer or the Mie theory is

used. Sometimes other approximating theories are applied

for calculation of the scattering matrix. When using the

Mie theory, the refractive indices of particulate and medium,

or their ratio, are entered into the instrument to allow calcu-

lation of the model matrix. Often, small values of the ima-

ginary part of the refractive index (about 0.01–0.1) are

applied to cope with the surface roughness of the particles.1

In order to obtain traceable results, it is essential that the re-

fractive index values used are reported.

Conversion of Scattering Pattern into Particle Size
Distribution

This deconvolution step is the inverse of the calculation of

a scattering pattern for a given particle size distribution. The

fact that rapidly measured data always contain some random

and systematic errors may cause erroneous size distribution

results. Several mathematical procedures have been devel-

oped for use in the different instruments available. They

contain some weighting of deviations between measured

and calculated scattering patterns (such as least squares),

some constraints (such as non-negativity for amounts of par-

ticles), or (or in combination with) some smoothing of the

size distribution curve. A new procedure uses the observed

fluctuations of the detector signals to introduce proper

weighting of these data and to calculate confidence intervals

for the particle size distribution.

Replicates

The required precision of the method is dependent on the

characteristics of the material (milled versus not milled, ro-

bust versus fragile), and also on the requirements of the ap-

plication (formulation type and technique). Appropriate

measurement conditions are established experimentally, in

relation to the desired precision. In general, at least three dif-

ferent samples from the same batch are measured. The re-

peatabil i ty of character is t ic part icle size in size

distributions is as follows: for any chosen central value of

the distribution, for example the median size (x50), the coef-

ficient of variation is smaller than 10%. Values at the sides

of the distribution, for example x10 and x90, have a coeffi-

cient of variation not exceeding 15%. Below 10 mm, these

maximum values are doubled.

System Suitability

The system suitability test is used to verify that the preci-

sion and accuracy are adequate for the analysis to be done.

The test is based on the concept that the equipment, electro-

nics, and analytical operations constitute an integral system

that can be evaluated as such. This can be done by measur-

ing at regular time intervals a control material of known size

distribution. In general, unless otherwise specified in the in-

dividual monograph, the mean values of three measure-

ments must deviate by less than 10% for x50, and by less

than 15% for x10 and x90. Below 10 mm, these maximum val-

ues must be doubled.

Reporting of Results

The distribution statistics are usually reported by the in-

strument data system. Most common parameters are calcu-

lated from the cumulative distribution by interpolation.

1 Small differences in the assumed complex refractive index
may cause significant differences in the resulting particle
size distributions.
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Percentile sizes, xm, represent the particle size in relation to

which m percent of the distribution is smaller. (The notation

dm is also used and is equivalent to xm.) Qy represents the

percent smaller than y microns. Mean sizes, such as D4,3,

the arithmetic volume mean diameter, can also be calculated

by representing the distribution as a collection of spherical

particles with diameters of the size band mid-points. Unless

otherwise stated, parameters are calculated on the volume or

mass basis.

VALIDATION

Calibration

Laser diffraction systems are based on the direct measure-

ment of the diffraction pattern of particles, but with idea-

lized properties of the particles. Thus, calibration in the

strict sense is not required. However, it is still necessary

and desirable to confirm the correct operation of the instru-

ment with a validation procedure.

Accuracy and Repeatability

Primary validation can be made with any certified or stan-

dard reference material, acceptable to the practice of the

end-users’ industries. Here, the total measurement proce-

dure is being examined, including sampling, sample disper-

sion, sample transport through the measuring zone,

measurement, and deconvolution procedure. It is essential

that the total operational procedure is adequately described

in full detail.

Certified or standard reference materials consisting of a

known distribution having a range of spherical particles

over one decade of size are preferred. They must be certified

to mass percentage by an absolute technique, if available,

and used in conjunction with an agreed, detailed operation

procedure. It is essential that the real and imaginary part of

the complex refractive index are precisely specified for the

material if the Mie theory is applied in data analysis.

The response of a laser diffraction instrument is consid-

ered adequate if the mean value of x50 obtained from at least

three independent measurements deviates by less than 3%

from the certified range of values of the certified or standard

reference material (i.e., the mean value together with its

standard deviation). The mean values for x10 and x90 must

deviate by less than 5% from the certified range of values.

For repeatability, the coefficient of variation must be smaller

than 3% for x50 and smaller than 5% for x10 and x90. Below

10 mm, these maximum values must be doubled.

Although the use of spherical materials is preferable, non-

spherical ones may also be used. Preferably, these have cer-

tified or typical values coming from laser diffraction

analyses according to an agreed, detailed operational proce-

dure. If the reference values come from methods other than

laser diffraction, a significant bias may result. The reason for

this bias is that the different principles applied in the various

methods may lead to different sensitivity to the properties,

and thus to different equivalent-sphere diameters for the

same nonspherical particle.
~USP27

Physical Tests and
Determinations

BRIEFING

h661i Containers, USP 26 page 2142, page 453 of PF 28(2)
[Mar.–Apr. 2002], and page 1492 of PF 28(5) [Sept.–Oct. 2002].
It is proposed to revise the section on polypropylene containers to
reflect the responses to comments received. The following com-
ments were received in response to the publication of the section
in PF 28(2). The Expert Committee’s responses are reflected in the
changes proposed in this section.
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1. Delete any references to ophthalmic dosage forms in polypro-
pylene container monograph proposals until the product
safety has been determined. The PSD Expert Committee re-
sponded by deferring the inclusion of the ophthalmic section
until product safety has been determined.

2. The statement, ‘‘Factors such as plastic composition . . . ap-
propriate testing’’, that appeared in the first paragraph of the
section previously entitled Polypropylene Containers for
Ophthalmics should be inserted as the third paragraph in the
section Polypropylene Containers. The Expert Committee
agreed, and the section has been revised as indicated.

Editorial changes have also been made.

(PSD: C. Okeke) RTS—37469-12

Add the following:

~POLYPROPYLENE CONTAINERS

The standards and tests provided in this section character-

ize polypropylene containers, produced from either homo-

polymers or copolymers, that are interchangeably suitable

for packaging dry solid and liquid oral and ophthalmic do-

sage forms.

Where stability studies have been performed to establish

the expiration date of a particular dosage form in the appro-

priate polypropylene container, then any other polypropy-

lene container meeting these requirements may be

similarly used to package such dosage form, provided that

the appropriate stability programs are expanded to include

the alternative container, in order to assure that the potency,

identity, strength, quality, and purity of the dosage form are

maintained throughout the expiration period.

Propylene polymers are long-chain polymers synthesized

from propylene or propylene and other olefins under con-

trolled conditions of heat and pressure, with the aid of cat-

alysts. Examples of other olefins most commonly used

include ethylene and butene. The propylene polymers, the

ingredients used to manufacture the propylene polymers,

and the ingredients used in the fabrication of the containers

conform to the applicable sections of the Code of Federal

Regulations, Title 21.

Factors such as plastics composition, processing and

cleaning procedures, contacting media, inks, adhesives, ab-

sorption, adsorption and permeability of preservatives, and

conditions of storage may also affect the suitability of a

plastic for a specific use. The suitability of a specific poly-

propylene must be established by appropriate testing.

Polypropylene has a distinctive IR spectrum and pos-

sesses characteristic thermal properties. It has a density be-

tween 0.880 and 0.913 g per cm3. The permeation properties

of molded polypropylene containers may be altered when

reground polymer is incorporated, depending on the propor-

tion of reground material in the final product. Other proper-

ties that may affect the suitability of polypropylene used in

containers for packaging drugs are the following: oxygen

and moisture permeability, modulus of elasticity, melt flow

index, environmental stress crack resistance, and degree of

crystallinity after molding. The requirements in this section

are to be met when dosage forms are to be packaged in a

container defined by this section.

Multiple Internal Reflectance—

APPARATUS—Use an IR spectrophotometer capable of

correcting for the blank spectrum and equipped with a mul-

tiple internal reflectance accessory and a KRS-5 internal re-

flection plate. A KRS-5 crystal 2-mm thick having an angle

of incidence of 458 provides a sufficient number of reflec-

tions.

PREPARATION OF SPECIMEN—Cut 2 flat sections,

representative of the average wall thickness of the container,

and trim them as necessary to obtain segments that are con-

venient for mounting in the internal reflectance accessory.

Taking care to avoid scratching the surfaces, wipe the speci-

mens with dry paper, or if necessary with a soft cloth dam-

pened with methanol, and permit them to dry. Securely

mount the specimens on both sides of the KRS-5 internal

reflection plate, ensuring adequate surface contact. Prior to
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mounting the specimens on the plate, they may be com-

pressed to flat uniform films by exposure to temperatures

between 2208 and 2408. The specimen’s time/temperature

history during this operation should be limited to that neces-

sary to mold the films.

PROCEDURE—Place the mounted specimen sections

within the multiple internal reflectance accessory, and place

the assembly in the specimen beam of the IR spectropho-

tometer. Adjust the specimen position and mirrors within

the accessory to permit maximum light transmission of

the unattenuated reference beam. (For a double beam instru-

ment, upon completing the adjustment in the accessory, at-

tenuate the reference beam to permit full-scale deflection

during the scanning of the specimen.) Determine the IR

spectrum from 3500 to 600 cm-1. The corrected spectrum

of the specimen exhibits major absorption bands only at

the same wavelengths as the spectrum of the USP Reference

Standard for either a polypropylene homopolymer or copo-

lymer, similarly determined.

Thermal Analysis—Cut a section weighing about 12

mg, and place it in the test specimen pan. Intimate contact

between the pan and the thermocouple is essential for repro-

ducible results. Determine the thermogram under nitrogen at

temperatures ranging from ambient to 308 above the melting

point. Maintain the temperature for 10 minutes, then cool to

508 below the peak crystallization temperature at a rate of

108 to 208 per minute, using equipment capable of perform-

ing the determinations as described under Thermal Analysis

h891i. The thermogram of the specimen is similar to the

thermogram of the appropriate USP Reference Standard

for polypropylene. The temperatures of the endotherms

and exotherms in the thermogram do not differ from those

of the USP Reference Standard for homopolymers by more

than 128 or from those of the USP Reference Standard for

copolymers by more than 68.

Light Transmission—Polypropylene containers in-

tended to provide protection from light meet the require-

ments under Light Transmission.

Water Vapor Permeation—Fit the containers with im-

pervious seals obtained by heat-sealing the bottles with an

aluminum foil-polyethylene laminate or other suitable seal.

Test the containers as described under Containers—Per-

meation h671i. The containers meet the requirements if

the moisture permeability exceeds 15 mg per day per liter

in not more than one of the 10 test containers and exceeds

25 mg per day per liter in none of them.

Heavy Metals and Nonvolatile Residue—Prepare ex-

tracts of specimens for these tests as directed for Procedure

under Physicochemical Tests—Plastics, except that for each

20 mL of Extracting Medium the portion shall be 60 cm2,

regardless of thickness.

HEAVY METALS—Containers meet the requirements

for Heavy Metals under Physicochemical Tests—Plastics.

NONVOLATILE RESIDUE—Proceed as directed for

Nonvolatile Residue under Physicochemical Tests—Plas-

tics, except that the blank shall be the same solvent used

in each of the tests set forth below. The difference between

the amounts obtained from the specimen and the blank does

not exceed 10.0 mg when water maintained at a temperature

of 708 is used as the extracting medium, does not exceed

60.0 mg when alcohol maintained at a temperature of 708

is used as the extracting medium, and does not exceed

225.0 mg when hexanes maintained at a temperature of

508 is used as the extracting medium. Containers meet these

requirements for Nonvolatile Residue for all of the above ex-

tracting media. [NOTE—Hexanes and alcohol are flam-

mable. When evaporating these solvents, use a current of

air with the water bath; when drying the residue, use an ex-

plosion-proof oven.]
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Buffering Capacity—Prepare extracts of the specimen as

described for Procedure under Physicochemical Tests—

Plastics. Containers meet the requirements for Buffering

Capacity under Physicochemical Tests—Plastics.
~USP27

POLYPROPYLENE CONTAINERS FOR OPHTHALMICS

Factors such as plastics composition, processing and

cleaning procedures, contacting media, inks, adhesives, ab-

sorption, adsorption and permeability of preservatives, and

conditions of storage may also affect the suitability of a

plastic for a specific use. The suitability of a specific poly-

propylene must be established by appropriate testing.

Biological Test—Polypropylene containers for ophthal-

mics meet the requirement set forth in the section for Bio-

logical Tests—Plastics and Other Polymers in addition to

the requirements in this section.

Multiple Internal Reflectance, Thermal Analysis,

Light Transmission, Water Vapor Permeation, Heavy

Metals and Nonvolatile Residue, and Buffering Ca-

pacity—Proceed as directed for the above tests under Poly-

propylene Containers, except to use polypropylene

containers for opththalmics.

Add the following:

~TEST METHODS AND ACCEPTANCE
CRITERIA FOR POLYETHYLENE AND

POLYPROPYLENE CLOSURE RESINS AND
MOLDED COMPONENTS

Closures—For most liquid and solid oral dosage forms,

the closure is fitted with a liner and, in many cases, an inner

seal. The function of the enclosure in these cases is to pro-

tect the integrity of the inner seal or to achieve a suitable

contact seal of the closure liner with the lip of the bottle.

In many cases, the closure does not come in contact with

the drug product, and migration of ingredients is not a con-

cern. In cases where the closure does come in contact with a

drug product (e.g., many topical products), migration of in-

gredients may be a concern. Proceed as directed for these

closure resins in the section Biological Tests—Plastics

and Other Polymers. Also, all ingredients in pharmaceutical

containers meet the requirements of 21 CFR175–177 for In-

direct Food Additives.

Specifically, both torque retention and stress resistance

studies are carried out at room and stability temperature con-

ditions and compared to the control container–closure sys-

tem. For torque, the results are as good as—within limits—

the original closure system after a minimum of one week’s

storage. Stress cracking studies are carried out for a mini-

mum of one month’s duration to confirm satisfactory perfor-

mance.

The container–closure system proposed complies with

previously established limits for permeation under Con-

tainers—Permeation h671i. The ability to resist stress

cracking is established in the presence of the finished pro-

duct at control and stability temperatures.

Prescription Vials—Prescription vials used by pharma-

cists to repackage and dispense drug products are also

molded of polypropylene, usually with an added amber col-

orant. The pharmaceutical product may spend one year in

this vial, but standards for its chemical composition have

not been generated. Prescription vials are required to under-

go the same degree of scrutiny as the market container sys-

tem.

Multiple Internal Reflectance—Proceed as directed in

the section for Apparatus and Procedure under Polypropy-

lene Containers.
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Preparation of Specimen—Proceed as directed for Poly-

propylene Containers, except that closure sections only

may be compressed to a thin, uniform film by exposing

them to temperatures of about 1778 under pressure

(15,000 psi or more).

Specification—Determine the IR spectrum from 3500 to

600 cm–1. The spectrum of the specimen exhibits major ab-

sorption bands only at the same wavelengths as the spec-

trum of the appropriate USP Reference Standard, similarly

determined.

Thermal Analysis—Cut a section of the article, weigh-

ing about 6 to 10 mg, and place it in the test-specimen

pan. Heat the specimen from room temperature to 2008 at

a rate of 108 per minute, then cool it at a rate of 108 per min-

ute. Reheat as before, using equipment capable of perform-

ing the determinations described under Thermal Analysis

h891i. The thermogram of the specimen is similar to the

thermogram of the polypropylene house standard, similarly

determined, and the endotherms and exotherms in the ther-

mogram of the specimen do not differ from those of USP

Polypropylene RS by more than 6.08.

Extractables—Proceed as directed for Physicochemical

Tests—Plastics. Where the closure or component is to come

in contact with a drug product intended for use with visceral

or mucosal tissues, perform the test described in the section

Biological Tests—Plastics and Other Polymers.
~USP27

BRIEFING

h823i Radiopharmaceuticals for Positron Emission Tomo-
graphy Compounding, USP 26 page 2213. At its October 25,
2002 meeting, the Expert Committee on Radiopharmaceuticals
and Medical Imaging considered all of the communications re-
ceived relating to this chapter and proposed a number of revisions

that essentially are clarifications and refinements of requirements
suggested by positron emission tomography (PET) centers and reg-
ulatory agencies.

(RMI: F. Barletta) RTS—35881-1

Change to read:

Compounding Procedure Verification

The following activities are to be established or performed. A
designated, qualified, and trained person shall be responsible for
ensuring that these activities are carried out and properly com-
pleted by qualified and trained personnel.
(1) Written acceptance criteria for the identity, purity, and quality

of each PET radiopharmaceutical being compounded. If a USP
monograph exists for a particular PET, then these standards are
the minimum acceptance criteria (see Official and Official Articles
under the General Notices and Requirements).

(2) Written and verified procedures for the compounding of each
PET radiopharmaceutical that
� incorporate, for each PET radiopharmaceutical intended for

parenteral administration, sterile membrane filtration (0.22
mm);

� incorporate, for each PET radiopharmaceutical intended for
inhalation, particulate filtration (0.45 mm); and

� are routinely updated and verified as changes in the com-
pounding procedures are implemented or are reviewed and
verified at a minimum of once a year to ensure that they are
current. A master file of written compounding procedures cur-
rently used for each PET radiopharmaceutical is to be main-
tained within the PET facili ty. Copies of outdated
compounding procedures shall also be retained, separate from
the master file, for review purposes.

(3) Appropriate controls over computer and related automated
equipment to ensure that changes in compounding software are in-
stituted only by authorized personnel, that such changes are docu-
mented and verified, and that only current versions of the software
are available and used in PET radiopharmaceutical compounding
procedures. A diskette copy and printout of current computer soft-
ware programs used in the compounding of each PET radiophar-
maceutical is to be maintained within a master file located in the
PET facility. Copies of outdated computer software programs shall
also be retained, separate from the master file, for review purposes.
(4) Verification studies to ensure that the written compounding

procedures, computer software program, equipment, and facilities
result in a PET radiopharmaceutical that meets established accep-
tance criteria. Such verification studies must
� include documented evaluations of the radiochemical identity

and purity, radionuclidic identity and purity, specific activity,
sterility (for parenteral agents), bacterial endotoxins (for par-
enteral agents), pH, osmolality (for parenteral agents),

~

if appropriate,
~USP27

appearance, stereochemical purity (for applicable compounds), po-
tential organic volatile impurities, other toxic chemicals that may
have been used during the synthesis or purification procedure, ef-
fective concentration of a stabilizer (if any), chemical purity of the
PET radiopharmaceutical [NOTE—Evaluations for chemical purity
must include analyses for the presence of starting materials, known
intermediates, by-products, and known degradation products], and
equivalency of initial and final sub-batches (for PET radiopharma-
ceuticals with radionuclides having a T½ < 20.0 minutes). For pur-
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poses of this chapter, ‘‘sub-batch’’ is defined as a quantity of PET
drug product having uniform character and quality, within speci-
fied limits, that is produced according to a single preparation order

~

~USP27

during one succession of multiple irradiations, using a given syn-
thesis and/or purification operation; and
� be signed, and dated, and retained as an indication that the

compounding procedures, equipment, and facilities have re-
sulted in a PET radiopharmaceutical that meets established
minimum

~

~USP27

acceptance criteria.
Whenever there is a change in the compounding procedures,

computer software program, or component specifications that has
the potential to alter the identity, quality, or purity of the drug pro-
duct, verification procedures and studies must be conducted. Ver-
ification studies on a minimum of three consecutive batches, which
show that the product meets acceptance critera, are to be performed
prior to the approval, for human use, of new or revised compound-
ing procedures for a given PET radiopharmaceutical. For routine
verified processes that are being used with consistent success, a
minimum of one verification study that shows the product meets
acceptance criteria must be conducted on an annual basis.

Change to read:

PET Radiopharmaceutical Compounding for
Human Use

The following are to be performed according to established writ-
ten procedures and documented. A designated, qualified, and
trained person shall be responsible for ensuring that these activities
are carried out and completed properly by qualified and trained per-
sonnel.
(1) Inspect the compounding and dispensing area and all equip-

ment for cleanliness and suitability immediately before use. Before
initiating compounding and dispensing activities, extraneous mate-
rials and labels must be removed from involved areas and equip-
ment. For PET radiopharmaceuticals intended for parenteral
administration, all manipulations of components, containers and
closures, and materials distal to sterile membrane filtration must
be performed using an appropriate aseptic technique in an appro-
priately controlled environment.
(2) Ensure the correct identity, quantity, and suitability of com-

ponents, containers and closures, and other materials used in com-
pounding the PET radiopharmaceutical.
(3) Label all subdivided components used in the compounding

procedure for identity and traceability.
(4) Label the final PET radiopharmaceutical container or dispen-

sing-administration assembly prior to initiating the compounding
procedure. The following information must appear on the label
or labeling attached to the final container or dispensing-administra-
tion assembly: the identity of the PET radiopharmaceutical, and
added substances (e.g., stabilizers and preservatives), an assigned
batch or lot number, and the required warning (e.g., radioactive)
statements or symbols. The final PET radiopharmaceutical shall
also be labeled to include the total radioactivity and radioactive
concentration at the stated time of calibration and

~

~USP27

, the expiration time and date

~

, and any required or applicable warning statements (e.g.,

‘‘Caution-Radioactive Material’’, ‘‘Do not use if cloudy or

contains particulate matter’’) and/or the radioactivity sym-

bol.
~USP27

(5) Compound the PET radiopharmaceutical according to cur-
rent, verified procedures. A written record must be maintained
for each batch (i.e., the material produced during a single synthesis
and purification) of the compounded PET radiopharmaceutical.
This written record includes
� lot numbers, manufacturer identities, expiration dates, and

quantities of all components, containers and closures, and ma-
terials used in the compounding procedure;

� a description of the individual compounding procedures to be
followed;

� the initials of the responsible individual indicating that the
compounding procedure for the batch is an accurate reproduc-
tion of the current, verified compounding procedure;

� the initials of the responsible individual indicating that critical
steps and processes in the compounding procedure were com-
pleted [NOTE—Critical steps in automated compounding pro-
cesses shall be monitored through direct observation (if
possible, considering visual or radiation exposure constraints)
or via computer or other feedback mechanisms];

� documentation of the investigation of any unplanned devia-
tions in, or unexpected results of, verified compounding pro-
cedures or processes, including documentation of the
outcome of the investigation;

� the percent yield calculated on the basis of the known or ex-
pected decay-corrected amount of the starting radionuclide
that is synthetically incorporated into the final radiopharma-
ceutical;

� raw analytical data on each batch of compounded PET radio-
pharmaceutical; and

� the date and the signature of the individual assuming overall
responsibility for, and adherence to, the verified compounding
procedure.

Change to read:

Quality Control

The following are to be performed according to established,
written procedures and documented. A designated, qualified, and
trained person shall be responsible for ensuring that these activities
are carried out and completed properly by qualified and trained per-
sonnel.
(1) Establish, in writing, the quality control tests to be performed

on individual batches of the PET radiopharmaceutical, the analyti-
cal procedures, and the corresponding acceptance criteria.
� For PET radiopharmaceuticals labeled with a nuclide having a

T½ � 20.0 minutes, the following quality control procedures
are to be performed on each batch (i.e., the material produced
during a single synthesis and purification operation) prior to
release: measurement of the pH of parenteral and oral dosage
forms; visual inspection of parenteral and oral dosage forms;
determination of the radiochemical purity and identity of all
dosage forms; determination of the radionuclidic identity of
all dosage forms; and assessment of the specific activity of
PET radiopharmaceuticals with mass-dependent localization
or toxicity concerns; and evidence of compliance with the es-
tablished acceptance criteria for residual solvents and other
toxic chemicals used during the synthesis or purification pro-
cedures.

� For PET radiopharmaceuticals labeled with a nuclide having a
T½ < 20.0 minutes, a batch is defined as all related sub-batches
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of the PET radiopharmaceutical compounded during a given
day. The following quality control procedures are to be per-
formed on an initial quality control sub-batch of each such
PET radiopharmaceutical

~

prior to release for human use of subsequent sub-

batches:
~USP27

measurement of the pH of parenteral and oral dosage forms; visual
inspection of parenteral and oral dosage forms; determination of
the radiochemical purity and identity of all dosage forms; determi-
nation of radionuclidic identity of all dosage forms; and assessment
of the specific activity of PET radiopharmaceuticals with mass-de-
pendent localization or toxicity concerns; and evidence of compli-
ance with the established acceptance criteria for residual solvents
and other toxic chemicals used or produced during the synthesis or
purification procedures.
� For each batch of PET radiopharmaceutical intended for par-

enteral administration, perform a membrane filter integrity
test immediately after completion of product filtration. This
post- filtration integrity test is to be completed prior to release
of the batch

~

for human use
~USP27

, except in the case of 15O water, where it may be necessary to re-
lease the batch prior to completion of the post-filtration integrity
test. In this case, the test is completed as soon as possible after re-
lease of the batch.
� For PET radiopharmaceuticals intended for parenteral admin-

istration, perform an in-process 20-minute endotoxin ‘‘limit
test’’ (i.e., incorporating positive controls in the range of 5
EU per mL to 175 EU/V, where V is the maximum volume
of injection) on each batch (T½ � 20.0 minutes) or quality
control sub-batch (T½ < 20.0 minutes) of the radiopharmaceu-
tical prior to release, for human use, of the batch or subse-
quent sub-batches.

� For PET radiopharmaceuticals intended for parenteral admin-
istration, a standard 60-minute bacterial endotoxin test must
be performed on each batch (T½ � 20.0 minutes) or quality
control sub-batch (T½ < 20.0 minutes) of the radiopharmaceu-
tical.

~

Endotoxin testing may also be performed using other re-

cognized procedures (see Bacterial Endotoxin Test h85i).

Regardless of which test is utilized, an assessment of the

bacterial endotoxins should be performed prior to release

of each batch (T½ � 20.0 minutes) or quality control sub-

batch (T½ < 20.0 minutes) of the radiopharmaceutical before

release for human use of the batch or subsequent sub-

batches.
~USP27

� Sterility tests for each PET radiopharmaceutical intended for
parenteral administration are performed on each batch (T½ �
20.0 minutes) or quality control sub-batch (T½ < 20.0 min-
utes). Sterility tests are also performed following the replace-
ment of system components. Sterility tests are initiated within
24 hours of sterile filtration. Product samples are tested indi-
vidually and are not pooled.

(2) Establish written procedures for the performance of quality
control tests on batches of PET radiopharmaceuticals intended for
human use.
(3) Conduct verification testing of equipment and procedures

used for the quality control testing of PET radiopharmaceuticals.
Using internal or external standards, the correct operation of ana-
lytical equipment, such as gas chromatography or high-perfor-

mance liquid chromatography (see System Suitability under
Chromatography h621i) must be confirmed upon initial installa-
tion or upon major repair. Correct operation of analytical equip-
ment must also be checked (i.e., a system suitability test must be
performed) on a scheduled basis, and maintenance must be per-
formed according to appropriate, written, scheduled procedures.
Dose calibrators used in measuring the bulk radioactivity and the
radioactivity of dispensed dosages of PET radiopharmaceuticals
should be tested in accordance with applicable state regulations
governing the medical use of radioactive materials.
(4) Perform quality control tests on batches of PET radiophar-

maceuticals according to written procedures, and initial the results
of such testing.
(5) Accept or reject the individual batch of the PET radiophar-

maceutical based on the conformity of quality control test results
with established acceptance criteria. If the individual batch of the
PET radiopharmaceutical is acceptable, sign and date the batch.
(6) Investigate unacceptable quality control test results and

document the outcome of such investigations.

Change to read:

Sterilization and Sterility Assurance

A complete system of process controls is required to assure steri-
lity of PET radiopharmaceuticals. Sterilization activities for the fol-
lowing elements of the process are to be established, documented,
and performed.
Compounding Equipment and Components—Equipment

used to prepare PET radiopharmaceuticals must be properly
cleaned and kept in sanitary condition. Equipment in contact with
a PET drug solution may be processed to remove endotoxin and
may be sterilized to eliminate bioburden. Prepared equipment is
stored and protected to maintain cleanliness and, if necessary, steri-
lity. It is recommended that components for PET products be ob-
tained from qualified suppliers after verifying that the components
meet specifications for sterile drug products. It is further recom-
mended that sterile vials, syringes, transfer sets, and filters be ob-
tained from commercial sources. If components are sterilized by
the PET facility, the sterilization processes and asepsis of assembly
components must be verified. Verification of sterilizer performance
must be repeated periodically. Solutions for parenteral administra-
tion must be filter-sterilized and aseptically transferred to a sterile,
nonpyrogenic, multiple-dose vial. Certain finished dosage forms of
PET products may not be transferred to a vial and require special
consideration.
Environmental Controls—The work area used for compound-

ing the finished dosage form must be clean. The aseptic hood is
protected from sources of microbial contamination and is located
in an area where surrounding personnel traffic is controlled and
limited. Appropriate clean laboratory clothing shall be worn when
performing functions in the aseptic hood. Components, materials,
and equipment are transferred to the aseptic area in protective
wrapping or containers. Aseptic techniques are used whenever a
sterile solution dosage form is handled. The containers, filter as-
sembly, vent filters, and needles for the final dosage form must
be sterile, disposable, and for single use only. After the filter and
the product container are assembled, the sterility of this assembly
must be preserved. If the sterility of any component is compro-
mised, the component or set must be replaced. Before penetrating
the finished product container, the septum of the product vial must
be thoroughly swabbed with a disinfectant solution (i.e., freshly
filtered or certified sterile 70% alcohol) and allowed to air-dry in
the aseptic hood.
Aseptic Hood—Assemble the product filter and the container

and closure system for the finished product in an aseptic hood.
The aseptic hood must have laminar airflow with class 100 or
equivalent air conditions.
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~

Sterile (aseptic) operations should be conducted within an

aseptic workstation with an air cleanliness rating of class

100 (e.g., Laminar flow hood or isolator).
~USP27

The aseptic hood surfaces and equipment surfaces allow easy
cleaning and disinfecting. Disinfectants are filtered or certified ster-
ile with a manufacturer’s certificate of analysis, and the hood’s in-
ternal surfaces are cleaned and disinfected daily before use and
after new equipment is brought in. Microbiological testing of the
aseptic hood is performed periodically (e.g., weekly). This may be
done by swab or contact plate for surfaces and settle plate or dy-
namic air sampler. Airborne, nonviable particle counting may be
performed less frequently.
Aseptic Technique—All aseptic operations, including the as-

sembly of sterile components, compounding, filtration, and manip-
ulations of sterile solutions must be performed by operators
qualified to work with aseptic techniques. Aseptic manipulations
shall be performed using sterile items sealed in protective covering
and opened within the aseptic hood. Any sterile equipment or com-
ponent that is compromised by contact with a nonsterile surface
must be replaced. Sterile components shall be transferred from
the hood with closures in place. Aseptic operations are performed
by operators wearing laboratory clothing appropriate for pharma-
ceutical compounding. Gloved hands are disinfected immediately
before reaching into the aseptic hood.
Aseptic area operators are trained and evaluated periodically

through observation as well as through microbiological tests.
Aseptic techniques used to make sterile products are evaluated
by simulations, in which a microbiological growth medium is sub-
stituted for the PET radiopharmaceutical solution. Process simula-
tions include manipulations such as connecting vents and filtration.
Verification of the medium’s growth promotion capability in the
PET drug container is an essential control for process simulations.
After completing the simulation process, the final product con-
tainer is gently shaken to permit the medium to contact all surfaces,
and the container and the medium are incubated (at 308 to 358, 208
to 258, or another suitable temperature) for 14 days with periodic
examination for evidence of growth: the absence of growth in the
containers is necessary for an acceptable test result. Simulations
are performed in triplicate to qualify a new operator. Each operator
repeats one simulation about once a year or any time procedures
are changed.
Qualification of the Filtration Process—Sterilizing filtration is

the final safeguard in removing microorganisms from solutions of
PET radiopharmaceuticals. This critical procedure requires that mi-
crobial retention by membrane filters be demonstrated under spe-
cified conditions. Filters must not release particles or soluble
compounds, bind product ingredients, or lose integrity during
use. When the filters are prepared and sterilized by a commercial
filter manufacturer, the filter manufacturer generally provides filtra-
tion conditions (i.e., pressure and flow rate); these conditions are
not to be exceeded when preparing a PET drug product. For most
aqueous solutions of near neutral pH, certification regarding micro-
bial retention challenges to the selected filter may be obtained from
the filter manufacturer. Certification of conformance to specifica-
tions must be examined and maintained for each filter lot.
Before using filters from a particular lot, a sample is tested for

integrity to demonstrate that the membrane and housing have not
lost the ability to retain microorganisms. The manufacturer’s re-
commended method or an alternative method, if demonstrated to
be acceptable, may be used.
The sterilizing membrane filter must also be tested for integrity

after filtering the compounded PET radiopharmaceutical but before
the product is released. An example of a simple test is the ‘‘Bubble
Point’’ test, which uses a pressure gauge and a source of air pres-
sure connected to the transfer set attached to the filter. The filter
disk is placed in a beaker of water with the filter outlet below
the water surface, and air pressure is applied gently to the nonster-
ile side of the filter assembly. The air pressure is increased until the
validated bubble point is reached, at which point the pressure is

maintained briefly to allow equilibration. Filter integrity is demon-
strated to be acceptable in the absence of a steady stream of bub-
bles.
Microbiological Testing of Finished Products—PET radio-

pharmaceuticals for parenteral administration must be sterile and
free of endotoxins, as demonstrated by sterility and endotoxin tests.
Endotoxin tests are initiated promptly after compounding, and
sterility tests are started no later than 24 hours after compounding.
Each lot shall be assayed individually and not pooled with other
lots. If a microbiological test fails, an investigation shall be under-
taken to identify the cause, and corrections shall be undertaken.
After a record of successful sterility tests is established for a parti-
cular PET drug, only the first lot prepared each day shall be subject
to a sterility test using cultivation methods. However, when a dif-
ferent PET drug is made at the facility or a new lot of sterile com-
ponents (for example, filter or final product container) is
substituted, then the first daily lot of that PET drug is tested for
sterility.

GENERAL CHAPTERS

General Information

BRIEFING

h1075i Good Compounding Practices, page 640 of PF 28(2)
[Mar.–Apr. 2002]. This general chapter, which previously ap-
peared in Pharmacopeial Previews, is now forwarded with minor
editorial changes to In-Process Revision.

Comments on this chapter should be addressed to Dr. Claudia
Okeke.

(CRX: C. Okeke) RTS—38282-1

Add the following:

~h1075i GOOD COMPOUNDING
PRACTICES

The purpose of this chapter is to provide compounders with

guidance on applying good compounding practices for the

preparation of compounded formulations for dispensing

and/or administration to humans or animals. It is expected

that pharmacists or compounders engaged in the compound-
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ing of drugs will compound in conformance with applicable

state and federal compounding laws, regulations, or guide-

lines.

APPLICABLE DEFINITIONS

Compounding—(See Pharmaceutical Compounding—

Nonsterile Preparationsh795i.) Compounding involves

the preparation, mixing, assembling, packaging, and label-

ing of a drug or device in accordance with a licensed prac-

titioner’s prescription under an initiative based on the

practitioner/patient/pharmacist/compounder relationship in

the course of professional practice. Compounding includes

the following:

a. Preparation of drugs or devices in anticipation of pre-

scription drug orders based on routine, regularly ob-

served prescribing patterns.

b. Reconstitution of commercial products that may require

the addition of two or more ingredients as a result of a

licensed practitioner’s prescription drug order.

c. Manipulation of commercial products that may require

the addition of one or more ingredients as a result of a

licensed practitioner’s prescription drug order.

d. Preparation of drugs or devices for the purposes of, or

as an incident to, research, teaching, or chemical analy-

sis.

Levels of Compounding—

Level 1 Nonsterile (topical)

Mixing of one or two creams

Mixing of creams with alcohol, water, etc.

(as per manufacturer’s labeling instruction)

Level 2 Nonsterile (topical)

Preparation of nonsterile topical ointment,

cream

Preparations with no dosage limitation

Level 3 Nonsterile (reconstituting or flavoring)

Reconstitution according to manufacturer’s

labeling instruction

Addition of flavoring

Level 4 Sterile (simple injections, e.g., reconstituted

for immediate administration)

Preparation of injections for immediate ad-

ministration

Level 5 Nonsterile (dosage forms)

Preparation of solid oral dosage forms (tab-

lets, capsules)

Preparation of liquid oral dosage forms

(emulsion, solutions, suspensions, etc.)

Preparation of suppositories, lozenges

Level 6 Sterile (ophthalmics/otics)

Preparation of ophthalmic and otic suspen-

sions, solutions

Level 7 Sterile (complex injections)

Preparation of injections for many patients

Preparation of injection not for immediate

administration

Preparation of total parenteral nutritions

(TPNs)

Preparation of multi-component injection

Level 8 Other sterile injections and patches

Preparation of chemotherapeutic injections

or implants

Preparation of transdermal patches

medications

Level 9 Sterile (radiopharmaceuticals)

Preparation of radiopharmaceuticals

Manufacturing—Manufacturing involves the produc-

tion, propagation, conversion, or processing of a drug or de-

vice, either directly or indirectly, by extraction of the drug

from substances of natural origin or by means of chemical or
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biological synthesis. Manufacturing also includes (1) any

packaging or repackaging of the substance(s) or labeling

or relabeling of containers for the promotion and marketing

of such drugs or devices; (2) any preparation of a drug or

device that is given or sold for resale by pharmacies, practi-

tioners, or other persons; (3) the distribution of inordinate

amounts of compounded preparations or the copying of

commercially available drug products; and (4) the prepara-

tion of any quantity of a drug product without a licensed

prescriber/patient/licensed pharmacist/compounder rela-

tionship.

Component—A component is any ingredient used in the

compounding of a drug product, including any that are used

in its preparation, but may not appear on the labeling of such

a product. (See Pharmaceutical Compounding—Nonsterile

Preparations h795i for additional definitions.)

Pharmacy Generated Product (PGP)—A pharmacy

generated product (PGP) is a product that is prepared, pack-

aged, and labeled in a pharmacy and can be sold by the phar-

macy without a prescription. PGPs are clearly different from

drugs defined in section 201 (g) of the Federal Food, Drug,

and Cosmetic Act.

Compounder—A compounder is a pharmacist or a phy-

sician who is engaged in the act of compounding pursuant to

a precription order by a licensed prescriber.

RESPONSIBILITIES OF THE COMPOUNDER

a. Compounders who are engaged in drug compounding

or nutriceutical compounding shall be proficient in

compounding and should continually expand their

compounding knowledge by participating in seminars

and/or studying appropriate literature.

b. A compounder shall be familiar with all of the details of

Pharmaceutical Compounding—Nonsterile Prepara-

tions h795i, Pharmaceutical Compounding—Sterile

Preparations h797i, and other applicable state or feder-

al compounding guidelines or laws. In addition, the

compounder shall be responsible for the following:

� certifying all prescription orders;

� approving or rejecting all components, drug pro-

duct containers, closures, in-process materials,

and labeling;

� preparing and reviewing all compounding records

to assure that errors have not occurred in the com-

pounding process;

� assuring the proper maintenance, cleanliness, and

use of all equipment used in a prescription com-

pounding practice;

� assuring that only personnel authorized by the

compounding supervisor shall be in the immediate

vicinity of the drug compounding operations;

� assuring that the drug product and components of

drug products are not on the list of federally recog-

nized drug products that have been withdrawn or

removed from the market for public health reasons.

c. The compounder shall ensure that personnel engaged in

compounding wear clean clothing appropriate to the

type of compounding performed, e.g., coats, gowns,

gloves, masks, shoes, aprons, or other items as needed

for protection of personnel from chemical exposures

and for prevention of drug contamination.

d. The compounder shall implement procedures to pre-

vent cross-contamination when compounding with

drugs (e.g., penicillins) that require special precaution

to prevent cross-contamination.
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TRAINING

All personnel involved in the compounding, evaluation,

packaging, and dispensing of compounded preparations

shall be properly trained for the type of compounding con-

ducted. All training activities will be covered by appropriate

standard operating procedures (SOPs) and documentation.

All compounders and all personnel involved in com-

pounding must be well trained and must participate in cur-

rent, relevant training programs. It is the responsibility of

the pharmacist to ensure that a training program has been

implemented and that it is ongoing. Standards of pharmacy

practice require that all employees be adequately trained in

their job functions and that all of the training is properly

documented. Steps in the training procedure will include

the following:

a. All employees involved in pharmaceutical compound-

ing shall read and become familiar with Pharmaceuti-

cal Compounding—Nonsterile Preparations h795i,

Pharmaceutical Compounding—Sterile Preparations

h797i, and Pharmaceutical Calculations in Prescrip-

tion Compounding h1160i.

b. All employees shall read and become familiar with each

of the procedures related to compounding, including

those involving the facility, equipment, personnel, ac-

tual compounding, evaluation, packaging, storage,

and dispensing.

c. The compounder shall meet with employees to review

their work and answer any questions the employees

may have concerning SOPs.

d. The compounder shall demonstrate the procedures for

the employee, and will observe and guide the employee

throughout the procedure. The employee will then re-

peat the procedure without any assistance from, but un-

der the supervision of, the pharmacist.

e. When the employee has demonstrated to the compoun-

der a verbal and functional knowledge of the procedure,

then and only then, will the employee be permitted to

perform the procedure without supervision.

f. When the compounder is satisfied with the employee’s

knowledge and proficiency, the compounder will sign

off on the documentation records to show that both

the employee and the compounder agree.

g. The compounder shall continually monitor the work of

the employee and answer any questions the employee

may have concerning the SOPs.

PROCEDURES AND DOCUMENTATION

All significant procedures performed in the compounding

area will be covered by SOPs and will be documented.

Procedures should be developed for the facility, equip-

ment, personnel, preparation, packaging, and storage of

compounded preparations to ensure accountability, accu-

racy, quality, safety (including access to Material Safety

Data Sheets) and uniformity in a compounding practice.

More importantly, implementing SOPs establishes proce-

dural consistency and also provides a reference for orienta-

tion and training of personnel.

Documentation enables a pharmacy, whenever necessary,

to systematically trace, evaluate, and replicate the steps in-

cluded throughout the preparation process of a compounded

product.

DRUG COMPOUNDING FACILITIES

a. Compounding facilities shall have an adequate space

that is specifically designated for compounding of pre-

scriptions. This area may include a space for the storage

of equipment and materials.
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b. Sterile compounded preparations shall be compounded

in accordance with the provisions in Pharmaceutical

Compounding—Sterile Preparations h797i, and aseptic

processes shall be conducted in an area separate and

distinct from the area used for the compounding of non-

sterile products.

c. The areas used for compounding shall be maintained in

clean, orderly, and sanitary conditions.

d. The areas for drug compounding shall be maintained in

a good state of repair. The plumbing system shall be

free of defects that could contribute to contamination

of any compounded product. Adequate washing facil-

ities shall be easily accessible to the compounding

areas. Such facilities shall include, but not be limited

to, hot and cold water, soap or detergent, and an air-

drier or single-use towels.

e. Potable water shall be supplied under continuous posi-

tive pressure.

f. The area for compounding shall have adequate lighting

and ventilation.

g. The area for compounding shall be free of infestation

by insects, rodents, and other vermin. Trash shall be

held and disposed of in a sanitary and timely manner.

h. Sewage and other refuse in the area of compounding

shall be disposed of in a safe and sanitary manner.

i. Bulk drugs and other chemicals or materials used in the

compounding of drugs must be stored as directed by the

manufacturer, or according to USP monograph require-

ments, in a clean, dry area (defined temperature condi-

tion), or in a refrigerator or freezer as specified. The

bulk chemicals shall be stored in a manner such that

they are protected from contamination. All containers

shall be properly labeled.

j. If parenteral products are compounded, the compoun-

der shall refer to Pharmaceutical Compounding—Ster-

ile Preparations h797i, and Injections h1i for

compounding technique applications.

DRUG COMPOUNDING EQUIPMENT

(See also Pharmaceutical Compounding—Nonsterile

Compounding h795i.)

a. The equipment or utensils used for compounding of a

drug product shall be of appropriate design and ca-

pacity. The equipment shall be stored in such a manner

as to protect it from contamination, and shall be located

in such a place as to facilitate operations for its use,

maintenance, and cleaning.

b. The equipment shall be cleaned and sanitized prior to

use to prevent contamination that may affect the safety

or quality of compounded preparations.

c. The equipment shall be of suitable composition such

that the surfaces that contact components are neither re-

active, additive, nor absorptive and therefore will not

affect or alter the purity of the compounded prepara-

tions.

d. Automated, mechanical, electronic, and other types of

equipment used in compounding shall be routinely in-

spected, calibrated as necessary, and checked to ensure

proper performance.

e. Immediately prior to initiation of compounding opera-

tions, the equipment shall be inspected by the com-

pounder to determine its suitability for use.

f. The equipment shall be cleaned appropriately using

special instructions when cross-contaminating products

or products requiring special precaution, e.g., antibio-

tics, cytotoxins, cancer drugs, and other hazardous ma-

terials, are used with the equipment. If possible, special

equipment may be dedicated for such use or if the same
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equipment is being used for all drug products, appropri-

ate procedures must be in place to allow meticulous

cleaning of equipment prior to use with other drugs.

COMPONENT SELECTION REQUIREMENTS

a. The compounder shall first attempt to use USP–NF

drug substances manufactured in an FDA-registered fa-

cility.

b. The compounder shall also first attempt to use inactive

components manufactured in an FDA-registered facil-

ity.

c. If components are not obtainable from an FDA-regis-

tered facility or if the FDA and/or the providing com-

pany cannot document FDA registration, compounders

shall use their professional judgment in first receiving,

storing, or using the components that meet official com-

pendial requirements or are provided by another high

quality source.

d. If components of compendial quality are not obtain-

able, components of high quality such as those that

are chemically pure, analytical reagent grade, American

Chemical Society-certified, or Food Chemical Codex

grade may be used.

e. When a component is not obtained from an official

compendial source or is not obtainable from the sources

mentioned above, the component may be obtained from

a source deemed acceptable and reliable in the profes-

sional judgment of the compounder.

f. When a component is derived from ruminant animals

(e.g., bovine, caprine, ovine) the supplier shall provide

written assurance that these animals were born, raised,

or slaughtered in countries where bovine spongiform

encephalopathy (BSE) and scrapie are known not to

exist.

g. The compounder shall not use components that are

listed by FDA to be withdrawn from the market for

public health reasons.

h. Components shall be stored off the floor, handled and

stored to prevent contamination, and rotated so that the

oldest stock is used first.

PACKAGING AND DRUG PRODUCT CONTAINERS

a. The compounder shall ensure that the containers and

container closures used in packaging the compounded

preparations meet the requirements under Containers

h661i and Containers—Permeation h671i. The com-

pounder shall obtain written records from the supplier

to show that the containers meet USP requirements.

b. Containers and container closures intended for com-

pounding of sterile preparations and nonsterile prepara-

tions must be handled, sterilized (if appropriate), and

stored as described in Pharmaceutical Compound-

ing—Sterile Preparations h797i and Pharmaceutical

Compounding—Nonsterile Preparations h795i. The

use of commercially available presterilized containers

may be considered.

c. The containers and closures shall be stored off the floor,

handled and stored to prevent contamination, and ro-

tated so that the oldest approved stock is used first.

d. The containers and container closures shall be stored in

such a way as to permit inspection and cleaning of the

work area.

e. The containers and container closures shall be made of

clean materials that are neither reactive, additive, nor

absorptive.

f. The containers and closures shall be of suitable material

so as not to alter the quality, strength, or purity of the

compounded drug.
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g. The compounder shall ensure that the containers and

container closures selected to dispense the finished

compounded prescription, whether sterile or nonsterile

or radiopharmaceutical, meet the criteria in sections

(a)–(f) above.

COMPOUNDING CONTROLS

a. The compounder shall ensure that there are written pro-

cedures for the compounding of drug products to assure

that the finished products have the identity, strength,

quality, and purity that they purport to have.

b. The compounder shall establish procedures for listing

components, their amounts (weight or volume), the or-

der of component mixing, and a description of the com-

pounding process.

c. The compounder shall list all equipment, utensils, and

container closure systems relevant to the sterility, stabi-

lity, and intended use of a drug.

d. The written procedures described above shall be fol-

lowed in execution of the compounding process.

e. The compounder shall accurately weigh, measure, and

subdivide as appropriate.

f. The compounder shall check and recheck each proce-

dure at each stage of the process to ensure that each

weight or measure is correct as stated in the written

compounding procedures.

g. If a component is transferred from the original con-

tainer to another container (e.g., a powder is taken from

the original container, weighed, placed in a container,

and stored in that other container), the new container

shall be identified with the component name, weight

or measure, the lot or control number, the expiration

or beyond-use date, and the transfer date.

h. The compounder shall have drug compounding proce-

dures available in either written form or electronically

stored with printable documentation.

i. The procedures shall include a description of (1) the

components, their amounts, the order of component ad-

ditives, and the compounding process; (2) the required

equipment and utensils; and (3) the drug product con-

tainer and closure system.

j. The compounder shall have established written proce-

dures that will describe the tests or examinations to be

conducted on the product compounded (e.g., the degree

of weight variation among capsules) to assure unifor-

mity and integrity of compounded drug products.

k. Appropriate control procedures shall be established to

monitor the output and to validate the performance of

those compounding processes that may be responsible

for causing variability in the final compounded prepara-

tions. Factors that may cause variability include (1)

capsule weight variation; (2) adequacy of mixing to as-

sure uniformity and homogeneity; and (3) clarity, com-

pleteness, or pH of solutions.

l. Appropriate written procedures shall be designed to

prevent microbiological contamination of compounded

drug products purporting to be sterile, and these proce-

dures shall be followed. Such procedures shall include

validation of sterilization processes (see Pharmaceuti-

cal Compounding—Sterile Preparations h797i).

m. The compounder shall establish appropriate beyond-

use dates determined either from available USP–NF

monographs, appropriate testing, or from peer-re-

viewed literature.

n. The compounder shall adopt appropriate storage re-

quirements as provided in Preservation, Packaging,

Storage, and Labeling under General Notices and Re-

quirements.
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LABELING

1. Products prepared in anticipation of a prescription prior

to receiving a valid prescription should not be prepared

in an inordinate amount. A regularly used amount

should be prepared on the basis of a history of prescrip-

tions filled by the pharmacy. These products shall be

labeled or documentation referenced with the follow-

ing:

a. A complete list of ingredients or preparation name

and reference or established name or distinct com-

mon name

b. Dosage form

c. Strength

d. Preparation date

e. Name and address of compounder

f. Inactive ingredients

g. Batch or lot number

h. Assigned beyond-use date, based on published

data, or appropriate testing, or USP–NF standards.

Storage conditions for these products shall be dictated

by their composition and sterility, e.g., stored in a clean,

dry place (defined temperature condition), in a refrig-

erator, or at controlled room temperature.

2. The compounder shall examine the product for correct

labeling after completion of the compounding process.

3. The compounder’s prescription label shall contain the

following:

a. Patient’s name

b. Prescriber’s name

c. Name and address of compounder

d. Prescription number

e. Established name or distinct common name (can-

not use trademarked name of a manufactured pro-

duct)

f. Strength

g. Statement of quantity

h. Directions for use

i. Date filled

j. Beyond-use date/storage, etc.

k. An appropriate designation that this is a com-

pounded prescription

l. Any other federal or state requirements

NOTE—The compounder shall not use an NDC number

assigned to another product.

4. The compounder shall label any excess compounded

products so as to reference them to the formula used,

the assigned control number, and beyond-use date

based on the compounder’s appropriate testing, pub-

lished data, or USP–NF standards.

RECORDS AND REPORTS

a. The compounder shall maintain records, including but

not limited to, the hard copy of the prescription to indi-

cate that the prescription is compounded.

b. The compounder shall keep adequate records of con-

trolled drug substances (scheduled drugs) used in com-

pounding.

c. All records of all compounded products shall be kept

for a period of time as set forth in the state laws or regu-

lations. Such records shall be readily available for

authorized inspection.

COMPOUNDING FOR A PRESCRIBER’S OFFICE

USE

a. Compounders may prepare compounded drug products

for a prescriber’s office use pursuant to federal and state

requirements.

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
504 IN-PROCESS REVISION Vol. 29(2) [Mar.–Apr. 2003]



b. An order by the prescriber indicating the formula and

quantity ordered may be filled in the compounder’s fa-

cility.

c. The compounder shall compound the product for the

purpose of administration by or for the prescriber.

d. A record of the compounding process shall be main-

tained.

e. A label may be generated and a number may be as-

signed.

COMPOUNDING VETERINARIAN PRODUCTS

a. Compounders shall compound prescriptions for ani-

mals on the basis of prescription orders.

b. These prescriptions shall be handled and filled as are

human prescriptions.

COMPOUNDING PHARMACY GENERATED

PRODUCTS

a. Compounders may prepare compounded drug products

that can be sold without a prescription.

b. Pharmacy generated products (PGP) shall be com-

pounded using the same procedures as those for pre-

scription drug products detailed in this chapter.

c. Additional labeling sufficient for patient use will be re-

quired to meet the individual State Board of Pharmacy

and federal requirements. [NOTE—PGPs are clearly dif-

ferent from drugs defined in section 201 (g) of the Fed-

eral Food, Drug, and Cosmetic Act.]
~USP27

REAGENTS, INDICATORS,

AND SOLUTIONS

Reagent Specifications

BRIEFING

Anti-A Blood Grouping Reagent, Anti-B Blood Grouping
Reagent, and Anti-A,B Blood Grouping Reagent. These new re-
agents are used in Identification test A in the proposed monographs
for Red Blood Cells and for Whole Blood presented elsewhere in
this number of PF.

(HDQ: M. Marques) RTS—38898-1

Add the following:

~

Anti-A Blood Grouping Reagent, Anti-B Blood

Grouping Reagent, and Anti-A,B Blood Grouping Re-

agent—The reagents can be monoclonal or polyclonal

and must be obtained from manufacturers or suppliers li-

censed by the Center for Biological Evaluation and Re-

search/Food and Drug Administrat ion for use in

microplate tests. The use of reagents from an unlicensed

manufacturer or supplier may invalidate the results. Gener-

ally, all three reagents are available as part of a kit107.
~USP27

BRIEFING

Anti-D (Rho) Reagent. This new reagent is used in Identifica-
tion test B in the proposed monographs for Red Blood Cells and for
Whole Blood presented elsewhere in this number of PF.

(HDQ: M. Marques) RTS—38898-1
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Add the following:

~

Anti-D (Rho) Reagent—The reagent can be monoclo-

nal or polyclonal and must be obtained from manufacturers

or suppliers licensed by the Center for Biological Evaluation

and Research/Food and Drug Administration for use in mi-

croplate tests107. The use of reagents from an unlicensed

manufacturer or supplier may invalidate the results. Note

that this reagent is different from Anti-D Reagent. Consult

manufacturer’s package insert to ensure that it is Anti-D

(Rho) Reagent and not Anti-D Reagent.
~USP27

BRIEFING

Anti-D Reagent. This new reagent is used in Identification test
B in the proposed monographs for Red Blood Cells and for Whole
Blood presented elsewhere in this number of PF.

(HDQ: M. Marques) RTS—38898-1

Add the following:

~

Anti-D Reagent—The reagent can be monoclonal (low

protein) or polyclonal (high-protein) and must be obtained

from manufacturers or suppliers licensed by the Center for

Biological Evaluation and Research/Food and Drug Admin-

istration107. The use of reagents from an unlicensed manu-

facturer or supplier may invalidate the results. Note that

this reagent is different from Anti-D (Rho) Reagent. Consult

manufacturer’s package insert to ensure that the reagent is

suitable for the Weak Anti-D test and does not contain other

antibodies that will react when antihuman immunoglobulin

is added.
~USP27

BRIEFING

Antihuman Globulin Reagent. This new reagent is used in
Identification test B in the proposed monographs for Red Blood
Cells and for Whole Blood presented elsewhere in this number
of PF.

(HDQ: M. Marques) RTS—38898-1

Add the following:

~

Antihuman Globulin Reagent—The reagent can be

polyspecific or anti-immunoglobulin (Anti-IgG) and must

be obtained from manufacturers or suppliers licensed by

the Center for Biological Evaluation and Research/Food

and Drug Administration107. The use of reagents from an

unlicensed manufacturer or supplier may invalidate the

results.
~USP27

BRIEFING

Blood Group A1 Red Blood Cells and Blood Group B Red
Blood Cells. These new reagents are used in Identification test A
in the proposed monographs for Red Blood Cells and for Whole
Blood presented elsewhere in this number of PF.

(HDQ: M. Marques) RTS—38898-1

Add the following:

~

Blood Group A1 Red Blood Cells and Blood Group B

Red Blood Cells—These cells must be obtained from man-

ufacturers or suppliers licensed by the Center for Biological

Evaluation and Research/Food and Drug Administration107.

The use of reagents from an unlicensed manufacturer or

supplier may invalidate the results. Generally, they are avail-

able as part of a kit for ABO Blood Group testing. The cells

licensed for use in test tubes can also be used in the micro-

titer plate method described in the monographs of Red

Blood Cells and Whole Blood.
~USP27
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BRIEFING

Drabkin’s Reagent. This new reagent is used in the Hemoglo-
bin content test in the proposed monographs for Red Blood Cells
and for Whole Blood presented elsewhere in this number of PF.

(HDQ: M. Marques) RTS—38898-1

Add the following:

~

Drabkin’s Reagent—The reagent consists of 100 parts

of sodium bicarbonate, 20 parts of potassium ferricyanide,

and 5 parts of potassium cyanide108. [Caution—The reagent

is HIGHLY TOXIC. Very toxic by inhalation, in contact with

skin, if swallowed, and there is a risk of serious damage to

eyes. Wear suitable protective clothing, gloves, and eye and

face protection. Do not mix with acids. Contact with acids

liberates a very toxic gas. If ingested, perform gastric la-

vage, and call a physician.]
~USP27

BRIEFING

IgG-Coated Red Cells. This new reagent is used in Identifica-
tion test B in the proposed monographs for Red Blood Cells and for
Whole Blood presented elsewhere in this number of PF.

(HDQ: M. Marques) RTS—38898-1

Add the following:

~

IgG-Coated Red Cells—Red cells coated with human

immunoglobulin (IgG). The reagent must be obtained from

manufacturers or suppliers licensed by the Center for Bio-

logical Evaluation and Research/Food and Drug Adminis-

tration107. The use of reagents from an unlicensed

manufacturer or supplier may invalidate the results.
~USP27

BRIEFING

Lanthanum Chloride, USP 26 page 2492. In accordance with
ACS specification, it is proposed to revise the chemical formula for
this reagent and to designate the range of degrees of hydration
available.

(HDQ: M. Marques) RTS—39376-1

Change to read:

Lanthanum Chloride, LaCl3
~

LaCl3 � (6–7)H2O~USP27

245.26—
~

—This reagent is available in degrees of hydration ranging

from 6 to 7 molecules of water.
~USP27

Use ACS reagent grade.

BRIEFING

Polyoxyethylene (23) Lauryl Ether, USP 26 page 2503. Poly-
oxyethylene (23) lauryl ether is more commonly known as Brij-35,
particularly among those associated with biologics and the biotech-
nology industry. Thus, it is proposed that ‘‘Brij-35’’ be included as
an alternate name for this reagent under Reagents Specifications in
the section Reagents, Indicators, and Solutions.

(HDQ: M. Marques) RTS—39535-1

Change to read:

Polyoxyethylene (23) Lauryl Ether
~

(Brij-35)
~USP27

—Use a suitable grade.54

BRIEFING

Red-Cell Lysing Agent. This new reagent is used in the Leu-
kocyte count test in the proposed monographs for Red Blood Cells
and for Whole Blood presented elsewhere in this number of PF.

(HDQ: M. Marques) RTS—38898-1
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Add the following:

~

Red-Cell Lysing Agent—The reagent is available as a

solution containing 0.33% potassium cyanide and 0.11% so-

dium nitroprusside and a quarternary ammonium salt as the

surface active agent (5.5%)109.
~USP27

VOLUMETRIC SOLUTIONS

BRIEFING

Tetrabutylammonium Hydroxide in Methanol/Isopropyl Al-
cohol, 0.1 N. This new reagent is used in the Assay in the Aspar-
tame Acesulfame monograph appearing elsewhere in this PF.

(HDQ: E. Gonikberg) RTS—39531-1

Add the following:

~
Tetrabutylammonium Hydroxide in Methanol/

Isopropyl Alcohol, 0.1 N

Prepare as described for Tetrabutylammonium Hydroxide,

Tenth-Normal (0.1 N) using isopropyl alcohol instead of tol-

uene, and standardize as described. Alternatively, the solu-

tion may be prepared by diluting a suitable volume of

commercially available tetrabutylammonium hydroxide

solution in methanol with 4 volumes of anhydrous isopropyl

alcohol107.
~USP27

BRIEFING

Reagent Footnotes, USP 26 page 2538, page 1133 of PF 26(4)
[July–Aug. 2000], page 1383 of PF 26(5) [Sept.–Oct. 2000], page
3373 of PF 27(6) [Nov.–Dec. 2001], page 553 of PF 28(2) [Mar.–
Apr. 2001], page 1952 of PF 28(6) [Nov.–Dec. 2002], and page
266 of PF 29(1) [Jan.–Feb. 2003]. Footnote 107 is added to iden-
tify the names under which Anti-A Blood Grouping Reagent, Anti-
B Blood Grouping Reagent, Anti-A,B Blood Grouping Reagent,
Anti-D (Rho ) Reagent, Anti-D Reagent, Antihuman Globlin Re-
agent, and IgG-Coated Red Cells are commercially available; foot-
note 108 is added to identify the name under which Drabkin’s
Reagent is commercially available; and footnote 109 is added to
identify the name under which Red-Cell Lysing Agent is commer-

cially available. All of these reagents are used in the tests in the Red
Blood Cells and Whole Blood monographs, which appear else-
where in this number of PF.

(HDQ: M. Marques) RTS—35780-1; 35917-1; 35918-1;
35961-1; 36020-2; 36021-2; 38897-1; 38898-1

Reagent Footnotes

Add the following:

~107 There are many manufacturers and suppliers of these

reagents that are licensed by the Center for Biological Eva-

luation and Research, Food and Drug Administration. Some

examples of licensed manufacturers or suppliers are the fol-

lowing: Gamma Biologics, Houston, TX; and Ortho Diag-

nostics, Raritan, NJ.
~USP27

Add the following:

~108 The reagent can be obtained from many manufac-

turers and suppliers. Some examples of manufacturers or

suppliers are the following: Sigma Chemical Co., St. Louis,

MO; and CIMA Scientific, Dallas, TX.
~USP27

Add the following:

~109 The reagent is manufactured by Coulter Electronics

Diagnostics, Hialeah, FL and is available from many suppli-

e r s unde r t h e n ame o f Zapog l ob i n1 ( o r Zap -

oglobin1).
~USP27

REFERENCE TABLES

BRIEFING

Container Specifications for Capsules and Tablets, USP 26
page 2540, page 198 of PF 26(1) [Jan.–Feb. 2000], page 1133
of PF 26(4) [July–Aug. 2000], page 1383 of PF 26(5) [Sept.–
Oct. 2000], page 1906 of PF 27(1) [Jan.–Feb. 2001], page 2597
of PF 27(3) [May–June 2001], page 3118 of PF 27(5) [Sept.–
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Oct. 2001], page 852 of PF 28(3) [May–June 2002], page 1235 of
PF 28(4) [July–Aug. 2002], page 1952 of PF 28(6) [Nov.–Dec.
2002], and page 266 of PF 29(1) [Jan.–Feb. 2003].

(HDQ) RTS—38798-2

The following table is provided as a reminder for the pharmacist
engaged in the typical dispensing situation who already is ac-
quainted with the Packaging and storage requirements set forth
in the individual monographs. It lists the capsules and tablets that
are official in the United States Pharmacopeia and indicates the
relevant tight (T), well-closed (W), and light-resistant (LR) speci-
fications applicable to containers in which the drug that is repack-
aged should be dispensed.
This table is not intended to replace, nor should it be interpreted

as replacing, the definitive requirements stated in the individual
monographs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:

&Felodipine Tablets, Extended-Release T&1

Add the following:

~

Fluoxetine Capsules, Delayed-Release T
~USP27

BRIEFING

Description and Relative Solubility of USP and NF Articles,
USP 26 page 2546, page 1250 of PF 21(5) [Sept.–Oct. 1995], page
5310 of PF 23(6) [Nov.–Dec. 1997], page 7017 of PF 24(5)
[Sept.–Oct. 1998], page 8282 of PF 25(3) [May–June 1999], page
8589 of PF 25(4) [July–Aug. 1999], page 8917 of PF 25(5) [Sept.–
Oct. 1999], page 9254 of PF 25(6) [Nov.–Dec. 1999], page 504 of
PF 26(2) [Mar.–Apr. 2000], page 837 of PF 26(3) [May–June
2000], page 1135 of PF 26(4) [July–Aug. 2000], page 1385 of
PF 26(5) [Sept.–Oct. 2000], page 1907 of PF 27(1) [Jan.–Feb.
2001], page 2281 of PF 27(2) [Mar.–Apr. 2001], page 2839 of
PF 27(4) [July–Aug. 2001], page 3120 of PF 27(5) [Sept.–Oct.
2001], page 3374 of PF 27(6) [Nov.–Dec. 2001], page 116 of
PF 28(1) [Jan.–Feb. 2002], page 554 of PF 28(2) [Mar.–Apr.
2002], page 853 of PF 28(3) [May–June 2002], page 1236 of
PF 28(4) [July–Aug. 2002], page 1542 of PF 28(5) [Sept.–Oct.
2002], page 1953 of PF 28(6) [Nov.–Dec. 2002], and page 266
of PF 29(1) [Jan.–Feb. 2003].

(HDQ) RTS—33708-1; 33865-1; 38043-1; 39387-1; 39445-
1; 39447-1; 39448-1; 39449-1

Add the following:

~

Aspartame Acesulfame: White, odorless, crystalline

powder. Slightly soluble in water and in ethanol. NF cate-

gory: Sweetening agent.
~USP27

Add the following:

~

Ciclopirox: White to slightly yellowish white, crys-

talline powder. Slightly soluble in water; freely soluble in

ethanol and in methylene chloride; soluble in ether.
~USP27

Add the following:

~

Ciclopirox Olamine: White to slightly yellowish

white, crystalline powder. Very soluble in alcohol and in

methylene chloride; slightly soluble in water; practically in-

soluble in cyclohexane.
~USP27

Add the following:

~

Gadoversetamide: White, odorless powder. Freely

soluble in water.
~USP27

Add the following:

~

Gellan Gum: Off-white powder. Soluble in hot or in

cold deionized water. NF category: Suspending and/or vis-

cosity-increasing agent.
~USP27

Add the following:

~

Glyceryl Distearate: Hard, waxy mass or powder or

white or almost white flakes. Soluble in methylene chloride

and in tetrahydrofuran; partly soluble in hot alcohol; insolu-

ble in water. NF category: Emulsifying and/or solubilizing

agent.
~USP27

Add the following:

~

Glyceryl Monolinoleate: Amber, oily liquids that

may be partially solidified at room temperature. Practically

insoluble in water; soluble in tetrahydrofuran; freely soluble

in methylene chloride. NF category: Emulsifying and/or

solubilizing agent.
~USP27
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Add the following:

~

Glyceryl Monooleate: Amber, oily liquids that may

be partially solidified at room temperature. Practically inso-

luble in water; soluble in tetrahydrofuran; freely soluble in

methylene chloride. NF category: Emulsifying and/or solu-

bilizing agent.
~USP27

Change to read:
~

Lamivudine: White to off-white solid. Soluble in water.
Melts between 1788 and 1828.

~USP26

~

Melts at about 1768.
~USP27

Add the following:

~

Lutein: Red, crystalline powder. Soluble in ethanol,

in ethyl acetate, and in methylene chloride; partially soluble

in hexane.
~USP27

Add the following:

~

Medium-Chain Triglycerides: Colorless or slightly

yellowish, oily liquid. Practically insoluble in water; misci-

ble with alcohol, with methylene chloride, with hexane, and

with fatty oils.
~USP27

NUTRITIONAL
SUPPLEMENTS

MONOGRAPHS

BRIEFING

Oil- andWater-Soluble Vitamins withMinerals Tablets,USP
26 page 2628 and page 1545 of PF 28(5) [Sept.–Oct. 2002]. A new
alternative method for the determination of phytonadione was pre-
sented in PF 28(5). Based on comments received, additional revi-
sions are presented: the Standard preparation uses methylene
chloride to easily dissolve the reference material; an Internal stan-
dard solution is added in order to improve accuracy and reprodu-
cibility; and the Assay preparation is modified by dispersing the
sample in water to better release the phytonadione from matrixes
containing the analyte that is premixed in beadlets. The liquid chro-
matographic procedures in the Assay for phytonadione, Method 2

are based on analyses performed with the Prodigy-3 brand of L1
column. Typical retention times are about 12 minutes for phytona-
dione and 8.5 minutes for the internal standard, Vitamin K2.

(DSN: G. Giancaspro) RTS—39416-1

Change to read:

» Oil- and Water-Soluble Vitamins with Minerals Tab-
lets contain one or more of the following oil-soluble
vitamins: Vitamin A, Vitamin D as Ergocalciferol (Vi-
tamin D2) or Cholecalciferol (Vitamin D3), Vitamin E,
Phytonadione (Vitamin K1), and Beta Carotene; one or
more of the following water-soluble vitamins: Ascor-
bic Acid or its equivalent as Calcium Ascorbate or So-
dium Ascorbate, Biotin, Cyanocobalamin, Folic Acid,
Niacin or Niacinamide, Pantothenic Acid (as Calcium
Pantothenate or Racemic Calcium Pantothenate), Pyr-
idoxine Hydrochloride, Riboflavin, and Thiamine
Hydrochloride or Thiamine Mononitrate; and one or
more minerals derived from substances generally re-
cognized as safe, furnishing one or more of the follow-
ing elements in ionizable form: calcium, chromium,
copper, fluorine, iodine, iron, magnesium, manganese,
molybdenum, phosphorus, potassium, selenium, and
zinc. Tablets contain not less than 90.0 percent and
not more than 165.0 percent of the labeled amounts
of vitamin A (C20H30O) as retinol or esters of retinol
in the form of retinyl acetate (C22H32O2) or retinyl pal-
mitate (C36H60O2), vitamin D as cholecalciferol
(C27H44O) or ergocalciferol (C28H44O), vitamin E as
alpha tocopherol (C29H50O2) or alpha tocopheryl ace-
tate (C31H52O3) or alpha tocopheryl acid succinate
(C33H54O5), phytonadione (C31H46O2), and beta caro-
tene (C40H56); not less than 90.0 percent and not more
than 150.0 percent of the labeled amounts of ascorbic
acid (C6H8O6) or its salts as calcium ascorbate
(C12H14CaO12 � 2H2O) or sod ium ascorba te
(C6H7NaO6), biotin (C10H16N2O3S), cyanocobalamin
(C63H88CoN14O14P), folic acid (C19H19 N7O6), niacin
(C6H5NO2) or niacinamide (C6H6N2O), calcium pan-
tothenate (C18H32CaN2O10), pyridoxine hydrochloride
(C8H11NO3 �HCl), riboflavin (C17H20N4O6), and thia-
mine (C12H17ClN4OS) as thiamine hydrochloride or
thiamine mononitrate; not less than 90.0 percent and
not more than 125.0 percent of the labeled amounts
of calcium (Ca), copper (Cu), iron (Fe), manganese
(Mn), magnesium (Mg), phosphorus (P), potassium
(K), and zinc (Zn); and not less than 90.0 percent
and not more than 200.0

&125.0&2
percent of the labeled amounts of chromium (Cr),
fluorine (F), iodine (I), molybdenum (Mo), and sele-
nium (Se).
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They may contain other labeled added substances
that are generally recognized as safe, in amounts that
are unobjectionable.

Change to read:
Assay for phytonadione
~

, Method 1
~USP27

—[NOTE—Use low-actinic glassware throughout this procedure.]

Mobile phase—Prepare a filtered and degassed mixture of
methanol and water (95:5). Make adjustments if necessary (see
System Suitability under Chromatography h621i).

Standard stock solution—Dissolve an accurately weighed quan-
tity of USP Phytonadione RS in methanol, with the aid of sonica-
tion if necessary, and quantitatively dilute with methanol to obtain
a solution having a known concentration of about 200 mg per mL.

Standard preparation—Pipet 10 mL of Standard stock solution
into a 100-mL volumetric flask, dilute with methanol to volume,
and mix. System suitability preparation—Transfer 65 mg of
USP Alpha Tocopheryl Acetate RS to a 100-mL volumetric flask,
and dissolve in about 75 mL of methanol. Add 10 mL of Standard
stock solution, dilute with methanol to volume, and mix.

Assay preparation—Transfer not less than 20 mL, accurately
measured, of the solution retained as specified in the directions
for Assay preparation in the Assay for vitamin A, Method 1 to a
suitable container, and evaporate in vacuum at room temperature
to dryness. Transfer the residue with the aid of methanol to a suit-
able volumetric flask, and dilute with methanol to volume to obtain
a solution having a concentration of about 20 mg of phytonadione
per mL.

Chromatographic system (see Chromatography h621i)—The
liquid chromatograph is equipped with a 254-nm detector and an
8-mm 6 10-cm column that contains 5-mm packing L1. Chro-
matograph the System suitability preparation, and record the peak
areas as directed for Procedure: the resolution, R, between alpha
tocopheryl acetate and phytonadione is not less than 5. Chromato-
graph the Standard preparation, and record the peak areas as direc-
ted for Procedure: the relative retention times are about 0.68 for
alpha tocopheryl acetate and 1.0 for phytonadione; and the relative
standard deviation for replicate injections is not more than 3.0%.

Procedure—Separately inject equal volumes (about 100 mL) of
the Standard preparation and the Assay preparation into the chro-
matograph, record the chromatograms, and measure the peak areas.
Calculate the quantity, in mg, of phytonadione (C31H46O2) in the
Tablets taken by the formula:

C(L/D)(rU / rS),

in which C is the concentration, in mg per mL, of USP Phytona-
dione RS in the Standard preparation; L is the labeled amount,
in mg, of phytonadione in each Tablet; D is the concentration, in
mg per mL, of phytonadione in the Assay preparation, based on
the labeled quantity per Tablet and the extent of dilution; and rU
and rS are the peak areas for phytonadione obtained from the Assay
preparation and the Standard preparation, respectively.

Add the following:

~

Assay for phytonadione, Method 2—[NOTE—Use low-

actinic glassware throughout this procedure.]

Solvent—Prepare a mixture of methanol and isopropanol

(95:5).

Mobile phase—Prepare a filtered and degassed mixture of

800 mL of methanol, 200 mL of methylene chloride, 0.1 mL

of glacial acetic acid, 1.36 g of zinc chloride, and 0.41 g of

sodium acetate.

Internal standard solution—Prepare a solution of mena-

quinone 4 (vitamin K2) in Solvent having a concentration of

about 5 mg per mL. [NOTE—A concentrated stock solution

of menaquinone 4 (100 mg per mL) can be stored for 2

months in a refrigerator.]

Standard stock solution—Dissolve an accurately weighed

quantity of USP Phytonadione RS in Solvent with the aid of

sonication, cool to room temperature, and quantitatively di-

lute with Solvent to obtain a Standard stock solution having

a known concentration of about 100 mg per mL. methylene

chloride with the aid of sonication. Dilute with Solvent

quantitatively, and stepwise if necessary, to obtain a solution

having a known concentration of about 5 mg per mL.

Standard preparation—Pipet 1.0 mL of Standard stock

solution into a 100-mL volumetric flask, dilute with metha-

nol to volume, and mix. Filter through a membrane having a

0.45-mm or finer porosity. and 1.0 mL of Internal standard

solution into a 5.0-mL volumetric flask, dilute with Solvent

to volume, and mix. Filter through a membrane having a

porosity of 0.45 mm or less.

Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer to a centrifuge tube an accurately

weighed amount of powder not exceeding 7.0 g, equivalent

to a labeled amount of phytonadione between 50 and 100

mg. Add 15 mL of dimethysulfoxide and 15 mL of hexane.

Insert the stopper, and mix on a vortex mixer until the sam-

ple is dispersed. [NOTE—If necessary, a few mL of di-

methylsulfoxide can be added to the mixture to facilitate a

good dispersion.] Shake in a water bath maintained at 608

for 30 minutes. Remove from the bath, and shake again or

mix on a vortex mixer for 2 minutes while the preparation is
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still hot. Cool to room temperature. Centrifuge to separate

the two layers. Transfer the upper hexane layer to a 50-

mL volumetric flask. Repeat the extraction with 15 mL of

hexane. Extract again with two separate portions of 10

mL of hexane each, but omitting the water bath step. Trans-

fer the combined extracts to a 50-mL volumetric flask, and

complete with hexane to volume. Transfer an accurate mea-

sured volume of this solution equivalent to 5 to 50 mg of the

expected amount of phytonadione to a 25-mL volumetric

flask. Place the flask in a water bath at 35-458, and evaporate

the solvent with a stream of nitrogen until an oily residue is

left. Dissolve with Solventwith the aid of sonication, cool to

room temperature, and complete with Solvent to volume.-

Transfer to a cetrifuge tube fitted with a cap an accurately

weighed amount of powder, not exceeding 800 mg, and

equivalent to an amount of phytonadione not exceeding

50 mg. Add 4 mL of water. Insert the stopper, and mix using

a vortex mixer until the sample is dispersed. Place the tube

in a water bath at 608 for 5 minutes. Remove from the bath,

and again shake or mix using a vortex mixer for 1 minute

while the preparation is still hot. Add 8 mL of alcohol,

and swirl the contents to mix. Place the tube in a water bath

at 608 for 5 minutes. Remove from the bath, and again shake

or mix using a vortex mixer for 2 minutes while the prepa-

ration is still hot. Cool to room temperature. Add an ac-

curately measured volume of Internal standard solution,

equivalent to 1.0 mL per each 5 mg of the expected amount

of phytonadione in the aliquot taken. Add 20.0 mL of petro-

leum ether, and cap the tube tightly. Shake or mix using a

vortex mixer for 15 minutes to thoroughly mix the contents.

Centrifuge to separate the two layers. Transfer a volume of

the top layer of petroleum ether, equivalent to 5 to 50 mg of

the expected amount of phytonadione, to an appropriate

flask. Place the flask in a water bath at 358 to 458, and eva-

porate the solvent with a stream of nitrogen until an oily

residue is left. Dissolve the residue in a volume of Solvent

to obtain a solution having a concentration of about 1 mg per

mL of phytonadione.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a fluorometric

detector set at 320 nm for excitation and 420 nm for emis-

sion, a 4.6-mm 6 25-cm column that contains 5-mm, end-

capped packing L1, and a post-column reactor constituted

with a 4.6-mm 6 3-cm PEEK column tightly packed with

zinc powder. [NOTE—Prepare the post-column reactor dai-

ly, or as necessary, to meet the system suitability require-

ments.] The flow rate is about 1.0 mL per minute.

Chromatograph the Standard preparation, and record the

peak responses as directed for Procedure: the relative reten-

tion times are 1.0 for the internal standard and 1.4 for phy-

tonadione; the column efficiency for the phytonadione peak

is not less than 2500 theoretical plates; the tailing factor for

the phytonadione peak is not more than 1.5; and the relative

standard deviation for replicate injections is not more than

3.0%.

Procedure—Separately inject equal volumes (about 25

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the peak responses. Calculate the quantity, in mg,

mg, of phytonadione (C31H46O2) in the portion of Tablets ta-

ken by the formula:

CD(rU / rS),

5CD(RU /RS),

in which C is the concentration, in mg per mL, mg per mL, of

USP Phytonadione RS in the Standard preparation; D is the

dilution factor; and rU and rS are the peak areas for phytona-

dione obtained from the Assay preparation and the Standard

preparation, respectively. volume, in mL, of Internal stan-
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dard solution used to prepare the Assay preparation; and RU

and RS are the ratios of peak responses for phytonadione to

that of the internal standard obtained from the Assay prep-

aration and the Standard preparation, respectively.
~USP27

GENERAL CHAPTERS

BRIEFING

h2040i Disintegration and Dissolution of Nutritional Supple-
ments, USP 26 page 2663 and page 1673 of PF 28(5) [Sept.–Oct.
2002]. For clarification, on page 2665 of USP 26 in the section
Folic Acid under Procedures, an editorial change is proposed to
revise the cross-reference from the Assay for folic acid under
Water-Soluble Vitamin Tablets to the Assay for folic acid under
Oil- and Water-soluble Vitamins with Minerals Tablets.

(BNA: G. Giancaspro) RTS—38462-1

Change to read:

DISSOLUTION

Vitamin–Mineral Dosage Forms

This test is provided to determine compliance with the dissolu-
tion requirements where stated in the individual class monographs
for a tablet or capsule dosage form, except where the label states
that the tablets are to be chewed. It does not apply to tablets or
capsules designed to release vitamin or mineral content over a de-
layed or extended period of time. Soft gelatin capsule preparations
of nutritional supplements meet the requirements for Disintegra-
tion.
All nutritional supplements belonging to USP Classes II to VI,

prepared as tablets or capsules, are subject to the dissolution test
and criteria described in this chapter for folic acid (if present)
and for index vitamins and index minerals. This test is also re-
quired if the product labeling includes a health claim concerning
the relationship between folate deficiency and the risk of neural
tube defects. The accompanying table lists the dissolution require-
ments for the individual USP classes of nutritional supplements.
Class I nutritional supplements are combinations of oil-soluble vi-
tamins, which are exempt from dissolution requirements; hence,
dissolution requirements do not apply to the oil-soluble vitamins
contained in formulations belonging to Class IV or Class V.

Nutritional Supplements—Vitamin–Mineral Dosage Forms

USP
Class

Combination of
Vitamins or Minerals

Present Dissolution Requirement

I Oil-Soluble Vitamins not applicable
II Water-Soluble Vitamins one index vitamin; folic

acid (if present)
III Water-Soluble Vitamins

with Minerals
one index vitamin and
one index element; folic
acid (if present)

IV Oil- and Water-Soluble
Vitamins

one index water-soluble
vitamin; folic acid (if pre-
sent)

V Oil- and Water-Soluble
Vitamins with Minerals

one index water-soluble
vitamin and one index
element; folic acid (if pre-
sent)

VI Minerals one index element

Unless otherwise stated in the individual monograph, test six do-
sage units for dissolution as directed under Dissolution h711i.

DISSOLUTION CONDITIONS FOR FOLIC ACID

NOTE—Perform this test under subdued light.
Medium: water; 900 mL. If the units tested do not meet the re-

quirements for dissolution in water, test 6 additional dosage units
for dissolution in a medium of 900 mL of 0.05 M pH 6.0 citrate
buffer solution, prepared by mixing 9.5 mL of 0.1 M citric acid
monohydrate and 40.5 mL of 0.1 M sodium citrate dihydrate in
a 100-mL volumetric flask, diluting with water to volume, mixing,
and adjusting to a pH of 6.0 by using either 0.1 M hydrochloric
acid or 0.1 M sodium hydroxide solution.
Apparatus 1: 100 rpm, for capsules.
Apparatus 2: 75 rpm, for tablets.
Time: 1 hour.

DISSOLUTION CONDITIONS FOR INDEX VITAMINS AND

INDEX MINERALS

Medium: 0.1 N hydrochloric acid; 900 mL.
Apparatus 1: 100 rpm, for capsules.
Apparatus 2: 75 rpm, for tablets.
Time: 1 hour.
For formulations containing 25 mg or more of the index vitamin,

riboflavin, use the following conditions:
Medium: 0.1 N hydrochloric acid; 1800 mL.
Apparatus 1: 100 rpm, for capsules.
Apparatus 2: 75 rpm, for tablets.
Time: 1 hour.

SELECTION OF INDEX VITAMINS AND INDEX ELE-
MENTS

Compliance with the dissolution requirements for nutritional
supplements representing combinations of water-soluble vitamins
(Water-Soluble Vitamins Capsules and Water-Soluble Vitamins
Tablets) and combinations of oil- and water-soluble vitamins
(Oil- and Water-Soluble Vitamins Capsules andOil- and Water-So-
luble Vitamins Tablets) is determined by measuring the dissolution
of a single index vitamin from the water-soluble vitamins present.
Riboflavin is the index vitamin when present in the formulation.
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For formulations that do not contain riboflavin, pyridoxine is the
index vitamin. If neither riboflavin nor pyridoxine is present in the
formulation, the index vitamin is niacinamide (or niacin), and in
the absence of niacinamide (or niacin), the index vitamin is thia-
mine. If none of the above four water-soluble vitamins is present in
the formulation, the index vitamin is ascorbic acid.
Compliance with the dissolution requirements for nutritional

supplements representing combinations of minerals (Minerals
Capsules and Minerals Tablets) is determined by measuring the
dissolution of only one index element. Iron is the index element
when present in the formulation. For formulations that do not con-
tain iron, the index element is calcium. If neither iron nor calcium
is present, the index element is zinc, and in the absence of all three
of these elements, magnesium is the index element.
Compliance with dissolution requirements for nutritional sup-

plements representing combinations of water-soluble vitamins
and minerals (Water-Soluble Vitamins with Minerals Capsules
and Water-Soluble Vitamins with Minerals Tablets) and combina-
tions of oil- and water-soluble vitamins and minerals (Oil- and
Water-Soluble Vitamins with Minerals Capsules and Oil- and
Water-Soluble Vitamins with Minerals Tablets) is determined by
measuring the dissolution of one index water-soluble vitamin
and one index element, designated according to the respective hier-
archies described above.

PROCEDURES

In the following procedures, combine equal volumes of the fil-
tered solutions of the six individual specimens withdrawn, and de-
termine the amount of folic acid or the index vitamin or element
dissolved, based on the average of six units tested. Make any
necessary modifications including concentration of the analyte in
the volume of test solution taken. Use Dissolution Medium for
preparation of the Standard solution and dilution, if necessary, of
the test solution.
Folic Acid—Determine the amount of C19H19N7O6 dissolved by

employing the procedure set forth in the Assay for folic acid under
Water-Soluble Vitamins Tablets
~

Oil- and Water-Soluble Vitamins with Minerals

Tablets,
~USP27

in comparison with a Standard solution having a known concen-
tration of USP Folic Acid RS in the same medium.
Niacin or Niacinamide, Pyridoxine, Riboflavin, and Thia-

mine—Determine the amount of the designated index vitamin dis-
solved by employing the procedure set forth in the Assay for niacin
or niacinamide, pyridoxine, riboflavin, and thiamine under Water-
Soluble Vitamins Tablets.
Ascorbic Acid—Determine the amount of C6H8O6 dissolved by

adding 10 mL of 1.0 N sulfuric acid and 3 mL of starch TS to 100.0
mL of test solution, and titrating immediately with 0.01 N iodine
VS. Perform a blank determination, and make any necessary cor-
rection.
Iron, Calcium, Magnesium, and Zinc—Determine the amount

of the designated index element dissolved by employing the proce-
dure set forth in the appropriate Assay under Minerals Capsules.

TOLERANCES

The requirements are met if not less than 75% of the labeled con-
tent of folic acid and not less than 75% of the labeled content of the
index vitamin or the index element from the units tested is dis-
solved in 1 hour.

Botanical Dosage Forms

This test is provided to determine compliance with the dissolu-
tion requirements where stated in the individual monograph for a
tablet or capsule dosage form. See Dissolution h711i for descrip-
tion of apparatus used, Apparatus Suitability Test, and other related
information. Of the types of apparatus described in h711i, use the
one specified in the individual monograph. Where the label states
that an article is enteric-coated, and a dissolution or disintegration
test that does not specifically state that it is to be applied to enteric-
coated articles is included in the individual monograph, the test for
Delayed-Release Articles underDrug Release h724i is applied, un-
less otherwise specified in the individual monograph. Compliance
with dissolution requirements is determined by testing six dosage
units individually, or testing two or more counted number of do-
sage units in each vessel, and measuring the dissolution of one or
more index/marker compound(s) or the extract specified in the in-
dividual monograph. This nonspecific dissolution is intended to be
diagnostic of known technological problems that may arise due to
coatings, lubricants, disintegrants, and other substances inherent in
the manufacturing process. Further, this dissolution measurement
allows an assessment of the extent of decomposition of the extract
to polymeric or other nondissoluble compounds that may have
been produced by excessive drying or other manipulations in-
volved in the manufacture of botanical extracts. The operative as-
sumption inherent in this procedure is that if the index/marker
compound(s) or the extract is demonstrated to have dissolved with-
in the time frame and under conditions specified, the dosage form
does not suffer from any of the above formulation or manufactur-
ing related problems.

PROCEDURES

Combine equal volumes of the filtered solutions of the six or
more individual specimens withdrawn, and use the pooled sample
as the test solution. Determine the average amount of index/marker
compound(s) or the extract dissolved in the pooled sample by the
Procedure specified in the individual monograph. Make any neces-
sary modifications, including concentration of the analyte in the
volume of the test solution taken. Use Dissolution Medium for
preparation of the Standard solution and dilution, if necessary, of
the test solution.

INTERPRETATION

Pooled Sample—Unless otherwise specified in the individual
monograph, the requirements are met if the quantities of the in-
dex/marker compound(s) or the extract dissolved from the pooled
sample conform to the accompanying acceptance table. The quan-
tity, Q, is the amount of dissolved index/marker compound(s) or
the extract specified in the individual monograph, expressed as a
percentage of the labeled content. The 5%, 15%, and 25% values in
the acceptance table are percentages of the labeled content so that
these values and Q are in the same terms.

Acceptance Table for a Pooled Sample

Stage Number Tested Acceptance Criteria

S1 6 Average amount dissolved is not
less than Q þ 10%

S2 6 Average amount dissolved (S1 +
S2) is equal to or greater than Q +
5%

S3 12 Average amount dissolved (S1 + S2

+ S3) is equal to or greater than Q
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Items from Earlier Numbers of PF that Have Not Yet
Appeared in a Supplement, and are Therefore Candidates
for Subsequent Supplements.

GENERAL NOTICES AND REQUIREMENTS

‘‘Official’’ and ‘‘Official Articles’’—See PF Vol. 28 No. 6, page
1757.

Preservation, Packaging, Storage, and Labeling—See PF Vol. 28
No. 4, page 1061.

Significant Figures and Tolerances—See PF Vol. 28 No. 5, page
1379.

Tests and Assays—See PF Vol. 28 No. 5, page 1380.

USP MONOGRAPHS

Acebutolol Hydrochloride—See PF Vol. 27 No. 3, page 2493.
Acebutolol Hydrochloride Capsules—See PF Vol. 27 No. 1, page

1743.
Acepromazine Maleate—See PF Vol. 27 No. 3, page 2493.
Acepromazine Maleate Injection—See PF Vol. 27 No. 3, page

2494.
Acepromazine Maleate Tablets—See PF Vol. 27 No. 3, page 2494.
Acetaminophen—See PF Vol. 27 No. 3, page 2494.
Acetaminophen Capsules—See PF Vol. 27 No. 3, page 2494.
Acetaminophen for Effervescent Oral Solution—See PF Vol. 27

No. 3, page 2495.
Acetaminophen Oral Solution—See PF Vol. 27 No. 3, page 2494.
Acetaminophen Oral Suspension—See PF Vol. 27 No. 3, page

2495.
Acetaminophen Suppositories—See PF Vol. 27 No. 3, page 2495.
Acetaminophen Tablets—See PF Vol. 27 No. 3, page 2495.
Acetaminophen and Aspirin Tablets—See PF Vol. 27 No. 3, page

2495.
Acetaminophen, Aspirin, and Caffeine Tablets—See PF Vol. 27

No. 3, page 2495.
Capsules Containing at Least Three of the Following—Aceta-

minophen and Salts of Chlorpheniramine, Dextromethor-
phan, and Pseudoephedrine—See PF Vol. 27 No. 3, page
2496.

Oral Powder Containing at Least Three of the Following—Aceta-
minophen and Salts of Chlorpheniramine, Dextromethor-
phan, and Pseudoephedrine—See PF Vol. 27 No. 3, page
2496.

Oral Solution Containing at Least Three of the Following—Aceta-
minophen and Salts of Chlorpheniramine, Dextromethor-
phan, and Pseudoephedrine—See PF Vol. 27 No. 6, page
3241.

Tablets Containing at Least Three of the Following—Aceta-
minophen and Salts of Chlorpheniramine, Dextromethor-
phan, and Pseudoephedrine—See PF Vol. 27 No. 3, page
2496.

Acetaminophen and Codeine Phosphate Capsules—See PF Vol. 27
No. 3, page 2496.

Acetaminophen and Codeine Phosphate Oral Solution—See PF
Vol. 27 No. 3, page 2497.

Acetaminophen and Codeine Phosphate Oral Suspension—See PF
Vol. 27 No. 3, page 2497.

Acetaminophen, Dextromethorphan Hydrobromide, Doxylamine
Succinate, and Pseudoephedrine Hydrochloride Oral Solu-
tion—See PF Vol. 27 No. 3, page 2499.

Acetaminophen and Diphenhydramine Citrate Tablets—See PF
Vol. 27 No. 3, page 2499.

Acetaminophen, Diphenhydramine Hydrochloride, and Pseudo-
ephedrine Hydrochloride Tablets—See PF Vol. 27 No. 3,
page 2499.

Acetaminophen and Pseudoephedrine Hydrochloride Tablets—
See PF Vol. 27 No. 3, page 2500.

Acetazolamide—See PF Vol. 27 No. 3, page 2500.
Acetazolamide for Injection—See PF Vol. 27 No. 3, page 2500.

Acetazolamide Tablets—See PF Vol. 27 No. 3, page 2501.
Glacial Acetic Acid—See PF Vol. 27 No. 3, page 2501.
Acetic Acid Irrigation—See PF Vol. 27 No. 3, page 2501.
Acetic Acid Otic Solution—See PF Vol. 27 No. 3, page 2501.
Acetohexamide—See PF Vol. 27 No. 3, page 2501.
Acetohexamide Tablets—See PF Vol. 27 No. 3, page 2501.
Acetohydroxamic Acid Tablets—See PF Vol. 27 No. 3, page 2503.
Acetylcholine Chloride—See PF Vol. 27 No. 3, page 2502.
Acetylcholine Chloride for Ophthalmic Solution—See PF Vol. 27

No. 3, page 2502.
Acetylcysteine—See PF Vol. 27 No. 3, page 2503.
Acetylcysteine Solution—See PF Vol. 27 No. 3, page 2503.
Acetylcysteine and Isoproterenol Hydrochloride Inhalation Solu-

tion—See PF Vol. 27 No. 3, page 2503.
Acyclovir—See PF Vol. 27 No. 3, page 2503.
Acyclovir Capsules—See PF Vol. 27 No. 3, page 2503.
Acyclovir for Injection—See PF Vol. 29 No. 1, page 42.
Acyclovir Ointment—See PF Vol. 27 No. 3, page 2504.
Acyclovir Oral Suspension—See PF Vol. 27 No. 3, page 2504.
Acyclovir Tablets—See PF Vol. 27 No. 3, page 2504.
Adenine—See PF Vol. 27 No. 3, page 2504.
Albendazole—See PF Vol. 27 No. 3, page 2505.
Albendazole Oral Suspension—See PF Vol. 27 No. 3, page 2505.
Albendazole Tablets—See PF Vol. 27 No. 3, page 2505.
Albumin Human—See PF Vol. 29 No. 1, page 43.
Albuterol—See PF Vol. 27 No. 3, page 2505.
Albuterol Sulfate—See PF Vol. 27 No. 3, page 2506.
Albuterol Tablets—See PF Vol. 27 No. 3, page 2506.
Alclometasone Dipropionate—See PF Vol. 27 No. 3, page 2506.
Alclometasone Dipropionate Cream—See PF Vol. 27 No. 3, page

2507.
Alclometasone Dipropionate Ointment—See PF Vol. 27 No. 3,

page 2507.
Alcohol—See PF Vol. 27 No. 3, page 2507.
Dehydrated Alcohol—See PF Vol. 27 No. 3, page 2507.
Dehydrated Alcohol Injection—See PF Vol. 27 No. 3, page 2507.
Rubbing Alcohol—See PF Vol. 27 No. 3, page 2507.
Alcohol in Dextrose Injection—See PF Vol. 27 No. 3, page 2508.
Alendronate Sodium—See PF Vol. 28 No. 3, page 737.
Alendronate Sodium Tablets—See PF Vol. 28 No. 3, page 740.
Allopurinol—See PF Vol. 28 No. 5, page 1387.
Allopurinol Tablets—See PF Vol. 27 No. 3, page 2508.
Allyl Isothiocyanate—See PF Vol. 27 No. 3, page 2509.
Alprazolam—See PF Vol. 27 No. 3, page 2509.
Alprazolam Tablets—See PF Vol. 27 No. 3, page 2509.
Alprostadil Injection—See PF Vol. 28 No. 5, page 1389.
Altretamine—See PF Vol. 27 No. 3, page 2514.
Altretamine Capsules—See PF Vol. 27 No. 3, page 2514.
Potassium Alum—See PF Vol. 27 No. 3, page 2515.
Alumina and Magnesia Oral Suspension—See PF Vol. 27 No. 3,

page 2515.
Alumina and Magnesia Tablets—See PF Vol. 27 No. 3, page 2515.
Alumina, Magnesia, and Calcium Carbonate Oral Suspension—

See PF Vol. 27 No. 6, page 3241.
Alumina, Magnesia, and Calcium Carbonate Tablets—See PF Vol.

27 No. 3, page 2515.
Alumina, Magnesia, Calcium Carbonate, and Simethicone Tab-

lets—See PF Vol. 27 No. 6, page 3241.
Amoxicillin and Clavulanate Potassium for Oral Suspension—See

PF Vol. 28 No. 5, page 1392.
Amoxicillin and Clavulanate Potassium Tablets—See PF Vol. 28

No. 1, page 37.
Amoxicillin Tablets—See PF Vol. 29 No. 1, page 48.
Amphetamine Sulfate—See PF Vol. 28 No. 3, page 744.
Ampicillin—See PF Vol. 28 No. 6, page 1766.
Ampicillin Capsules—See PF Vol. 28 No. 6, page 1766.
Ampicillin for Injectable Suspension—See PF Vol. 28 No. 6, page

1766.
Ampicillin Tablets—See PF Vol. 28 No. 6, page 1767.
Aspartic Acid—See PF Vol. 28 No. 5, page 1391.
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Astemizole Tablets—See PF Vol. 28 No. 3, page 745.
Atenolol Tablets—See PF Vol. 29 No. 1, page 49.
Atovaquone Oral Suspension—See PF Vol. 29 No. 1, page 49.
Azithromycin—See PF Vol. 29 No. 1, page 50.
Azithromycin Capsules—See PF Vol. 27 No. 6, page 3394.
Barium Sulfate Paste—See PF Vol. 25 No. 4, page 8479.
Benazepril Hydrochloride—See PF Vol. 28 No. 6, page 1768.
Benazepril Hydrochloride Tablets—See PF Vol. 28 No. 1, page 39.
Benztropine Mesylate Tablets—See PF Vol. 28 No. 5, page 1392.
Betahistine Hydrochloride—See PF Vol. 26 No. 5, page 1401.
Betamethasone—See PF Vol. 28 No. 6, page 1772.
Betamethasone Cream—See PF Vol. 28 No. 6, page 1773.
Betamethasone Acetate—See PF Vol. 28 No. 6, page 1773.
Bethanechol Chloride—See PF Vol. 29 No. 1, page 52.
Bethanechol Chloride Tablets—See PF Vol. 29 No. 1, page 54.
Bismuth Subsalicylate Oral Suspension—See PF Vol. 28 No. 2,

page 627.
Bismuth Subsalicylate Tablets—See PF Vol. 28 No. 5, page 1603.
Bisoprolol Fumarate—See PF Vol. 26 No. 4, page 982.
Bisoprolol Fumarate Tablets—See PF Vol. 26 No. 4, page 983.
Bisoprolol Fumarate and Hydrochlorothiazide Tablets—See PF

Vol. 26 No. 4, page 985.
Brinzolamide Ophthalmic Suspension—See PF Vol. 28 No. 6,

page 1774.
Bromodiphenhydramine Hydrochloride and Codeine Phosphate

Syrup—See PF Vol. 27 No. 5, page 2980.
Bromodiphenhydramine Hydrochloride Elixir—See PF Vol. 28

No. 6, page 1776.
Bromodiphenhydramine Hydrochloride Oral Solution—See PF

Vol. 28 No. 6, page 1777.
Calcium Carbonate Lozenges—See PF Vol. 28 No. 6, page 1778.
Calcium Carbonate Tablets—See PF Vol. 28 No. 5, page 1392.
Dibasic Calcium Phosphate—See PF Vol. 22 No. 6, page 3029.
Anhydrous Dibasic Calcium Phosphate—See PF Vol. 22 No. 6,

page 2011.
Cefaclor Capsules—See PF Vol. 29 No. 1, page 56.
Cefazolin Ophthalmic Solution—See PF Vol. 28 No. 2, page 261.
Cefipime for Injection—See PF Vol. 28 No. 6, page 1778.
Cefuroxime Axetil for Oral Suspension—See PF Vol. 28 No. 6,

page 1780.
Cephalexin Tablets for Oral Suspension—See PF Vol. 28 No. 6,

page 1782.
Cimetidine Tablets—See PF Vol. 28 No. 1, page 52.
Clavulanate Potassium—See PF Vol. 28 No. 5, page 1393.
Clindamycin Phosphate—See PF Vol. 29 No. 1, page 57.
Clindamycin Phosphate Topical Solution—See PF Vol. 28 No. 5,

page 1393.
Clonazepam Tablets—See PF Vol. 28 No. 1, page 54.
Clonidine—See PF Vol. 29 No. 1, page 58.
Clonidine Hydrochloride Injection—See PF Vol. 26 No. 2, page

351.
Clonidine Transdermal System—See PF Vol. 28 No. 2, page 265.
Corticotropin Injection—See PF Vol. 28 No. 6, page 1783.
Corticotropin for Injection—See PF Vol. 28 No. 6, page 1784.
Cyclandelate—See PF Vol. 26 No. 2, page 353.
Cyclosporine Capsules—See PF Vol. 27 No. 4, page 2721.
Desmopressin Acetate—See PF Vol. 24 No. 2, page 5773.
Desmopressin Injection—See PF Vol. 24 No. 2, page 5778.
Desmopressin Nasal Spray Solution—See PF Vol. 24 No. 2, page

5779.
Desogestrel—See PF Vol. 28 No. 6, page 1785.
Desogestrel and Ethinyl Estradiol Tablets—See PF Vol. 28 No. 5,

page 1394.
Dexamethasone Injection—See PF Vol. 28 No. 5, page 1402.
Dextran 1—See PF Vol. 28 No. 6, page 1787.
Dextroamphetamine Sulfate—See PF Vol. 28 No. 3, page 751.
Diethylstilbestrol Diphosphate Tablets—See PF Vol. 23 No. 1,

page 3385.
Digoxin Tablets—See PF Vol. 28 No. 1, page 55.
Dihydroergotamine Mesylate Nasal Solution—See PF Vol. 25 No.

6, page 9078.

Dimenhydrinate Injection—See PF Vol. 28 No. 3, page 752.
Dimenhydrinate Syrup—See PF Vol. 28 No. 3, page 755.
Dimenhydrinate Tablets—See PF Vol. 28 No. 3, page 756.
Dipryidamole Tablets—See PF Vol. 28 No. 5, page 1402.
Dobutamine in Dextrose Injection—See PF Vol. 28 No. 5, page

1403.
Dolasetron Mesylate Injection—See PF Vol. 29 No. 1, page 60.
Doxazosin Mesylate—See PF Vol. 29 No. 1, page 61.
Doxazosin Tablets—See PF Vol. 29 No. 1, page 64.
Doxorubicin Hydrochloride—See PF Vol. 29 No. 1, page 66.
Estradiol Transdermal System—See PF Vol. 25 No. 6, page 9080.
Ethambutol Hydrochloride Tablets—See PF Vol. 28 No. 5, page

1406.
Ethosuximide Oral Solution—See PF Vol. 28 No. 5, page 1407.
Ethotoin—See PF Vol. 29 No. 1, page 66.
Ethylenediamine—See PF Vol. 28 No. 6, page 1789.
Etoposide—See PF Vol. 28 No. 5, page 1407.
Ferric Subsulfate Solution—See PF Vol. 28 No. 6, page 1789.
Ferric Sulfate—See PF Vol. 28 No. 6, page 1790.
Ferumoxides Injection—See PF Vol. 28 No. 3, page 758.
Fexofenadine Hydrochloride—See PF Vol. 28 No. 6, page 1790.
Fexofenadine Hydrochloride Capsules—See PF Vol. 28 No. 6,

page 1793.
Flucytosine Capsules—See PF Vol. 29 No. 1, page 68.
Fludarabine Phosphate—See PF Vol. 28 No. 6, page 1795.
Fludarabine Phosphate for Injection—See PF Vol. 28 No. 6, page

1799.
Fluoxetine Hydrochloride—See PF Vol. 28 No. 6, page 1802.
Fluoxetine Tablets—See PF Vol. 28 No. 6, page 1803.
Fluoxetine Delayed-Release Capsules—See PF Vol. 28 No. 4,

page 1265.
Fluvastatin Capsules—See PF Vol. 25 No. 4, page 8423.
Fosphenytoin Sodium Injection—See PF Vol. 29 No. 1, page 68.
Gabapentin—See PF Vol. 29 No. 1, page 72.
Gabapentin Capsules—See PF Vol. 28 No. 2, page 298.
Gemcitabine Hydrochloride—See PF Vol. 27 No. 5, page 3141.
Gemcitabine for Injection—See PF Vol. 27 No. 5, page 3142.
Gemfibrozil—See PF Vol. 27 No. 6, page 3289.
Glyburide Tablets—See PF Vol. 28 No. 1, page 60.
Glycerin Injection—See PF Vol. 27 No. 5, page 3143.
Gonadorelin Hydrochloride—See PF Vol. 27 No. 3, page 2552.
Graftskin—See PF Vol. 28 No. 6, page 1804.
Heparin Sodium—See PF Vol. 29 No. 1, page 75.
0.1 Normal Hydrochloric Acid Intravenous Injection—See PF Vol.

27 No. 5, page 3144.
Hydrocodone Bitartrate—See PF Vol. 29 No. 1, page 77.
Hydrocodone Bitartrate and Acetaminophen Tablets—See PF Vol.

27 No. 6, page 3301.
Hydrocodone Bitartate and Homatropine Methylbromide Tab-

lets—See PF Vol. 28 No. 4, page 1267.
Ibuprofen Capsules—See PF Vol. 26 No. 2, page 360.
Indapamide Tablets—See PF Vol. 28 No. 5, page 1410.
Indinavir Sulfate—See PF Vol. 27 No. 2, page 2165.
Indinavir Sulfate Capsules—See PF Vol. 26 No. 6, page 1641.
Indium In 111 Ibritumomab Tiuxetan Injection—See PF Vol. 28

No. 6, page 1815.
Indocyanine Green—See PF Vol. 28 No. 3, page 765.
Indomethacin Topical Gel—See PF Vol. 24 No. 2, page 5808.
Inulin in Sodium Chloride Injection—See PF Vol. 28 No. 6, page

1817.
Iodixanol—See PF Vol. 29 No. 1, page 79.
Iodixanol Injection—See PF Vol. 29 No. 1, page 80.
Iodoform—See PF Vol. 28 No. 6, page 1817.
Irbesartan—See PF Vol. 24 No. 6, page 7156.
Irbesartan Tablets—See PF Vol. 24 No. 6, page 7157.
Irbesartan and Hydrochlorothiazide Tablets—See PF Vol. 24 No.

6, page 7158.
Isradipine Capsules—See PF Vol. 23 No. 4, page 4334.
Ivermectin—See PF Vol. 27 No. 1, page 1790.
Ketamine Hydrochloride—See PF Vol. 28 No. 5, page 1411.
Lactic Acid—See PF Vol. 28 No. 6, page 1817.
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Leuprolide Acetate—See PF Vol. 28 No. 5, page 1412.
Leuprolide Acetate Injection—See PF Vol. 25 No. 5, page 8722.
Levocarnitine—See PF Vol. 28 No. 1, page 71.
Loperamide Hydrochloride Oral Solution—See PF Vol. 28 No. 5,

page 1418.
Loratadine—See PF Vol. 28 No. 5, page 1604.
Loratadine Tablets—See PF Vol. 28 No. 5, page 1608.
Loratadine Oral Solution—See PF Vol. 28 No. 5, page 1606.
Magnesium Carbonate, Citric Acid, and Potassium Citrate for Oral

Solution—See PF Vol. 26 No. 4, page 1050.
Mangafodipir Trisodium Injection—See PF Vol. 28 No. 5, page

1419.
Mannitol—See PF Vol. 27 No. 5, page 3017.
Mannitol Injection—See PF Vol. 28 No. 1, page 73.
Mecamylamine Hydrochloride—See PF Vol. 28 No. 6, page 1817.
Mecamylamine Hydrochloride Tablets—See PF Vol. 28 No. 2,

page 322.
Megestrol Acetate Oral Suspension—See PF Vol. 29 No. 1, page

80.
Melphalan Tablets—See PF Vol. 29 No. 1, page 81.
Mephobarbital Tablets—See PF Vol. 26 No. 1, page 178.
Mepivicaine Hydrochloride Injection—See PF Vol. 28 No. 6, page

1820.
Methadone Hydrochloride Tablets—See PF Vol. 28 No. 6, page

1820.
Methadone Hydrochloride Tablets for Oral Suspension—See PF

Vol. 28 No. 6, page 1821.
Metronidazole Benzoate—See PF Vol. 25 No. 2, page 7747.
Miconazole Nitrate Cream—See PF Vol. 26 No. 5, page 1302.
Milrinone—See PF Vol. 27 No. 2, page 2175.
Minocycline Hydrochloride—See PF Vol. 28 No. 3, page 770.
Misoprostol—See PF Vol. 26 No. 5, page 1304.
Misoprostol Dispersion—See PF Vol. 28 No. 3, page 772.
Misoprostol Tablets—See PF Vol. 26 No. 5, page 1310.
Molindone Hydrochloride Tablets—See PF Vol. 24 No. 1, page

5461.
Morphine Sulfate Extended-Release Capsules—See PF Vol. 28

No. 6, page 1822.
Myrrh Topical Solution—See PF Vol. 28 No. 6, page 1825.
Nabumetone Tablets—See PF Vol. 29 No. 1, page 82.
Naltrexone Hydrochloride Tablets—See PF Vol. 29 No. 1, page 83.
Naphazoline Hydrochloride and Pheniramine Maleate Ophthalmic

Solution—See PF Vol. 28 No. 6, page 1825.
Naratriptan Hydrochloride—See PF Vol. 28 No. 6, page 1827.
Naratriptan Tablets—See PF Vol. 29 No. 1, page 84.
Nevirapine—See PF Vol. 28 No. 6, page 1832.
Nimodipine—See PF Vol. 22 No. 1, page 2041.
Norgestimate and Ethinyl Estradiol Tablets—See PF Vol. 29 No. 1,

page 87.
Nystatin—See PF Vol. 28 No. 4, page 1271.
Nystatin Cream—See PF Vol. 28 No. 1, page 134.
Nystatin Lozenges—See PF Vol. 28 No. 1, page 135.
Nystatin Ointment—See PF Vol. 28 No. 1, page 136.
Nystatin Topical Powder—See PF Vol. 28 No. 1, page 136.
Nystatin Oral Suspension—See PF Vol. 28 No. 1, page 136.
Nystatin Tablets—See PF Vol. 28 No. 1, page 137.
Nystatin and Triamcinolone Acetonide Cream—See PF Vol. 28

No. 1, page 137.
Nystatin and Triamcinolone Acetonide Ointment—See PF Vol. 28

No. 1, page 138.
Octisalate (Formerly Octyl Salicylate)—See PF Vol. 28 No. 5,

page 1420.
Ondansetron Hydrochloride—See PF Vol. 29 No. 1, page 92.
Ondansetron Injection—See PF Vol. 28 No. 6, page 1835.
Ondansetron Oral Solution—See PF Vol. 26 No. 1, page 34.
Orphenadrine Citrate—See PF Vol. 29 No. 1, page 94.
Orphenadrine Citrate Injection—See PF Vol. 29 No. 1, page 95.
Oxandrolone—See PF Vol. 28 No. 6, page 1835.
Oxaprozin—See PF Vol. 29 No. 1, page 97.
Oxaprozin Tablets—See PF Vol. 29 No. 1, page 99.
Oxybutynin Chloride—See PF Vol. 26 No. 6, page 1561.

Water O 15 Injection—See PF Vol. 27 No. 2, page 2182.
Paclitaxel—See PF Vol. 28 No. 5, page 1421.
Paroxetine Hydrochloride—See PF Vol. 29 No. 1, page 100.
Paroxetine Tablets—See PF Vol. 28 No. 3, page 777.
Pentazocine Injection—See PF Vol. 28 No. 6, page 1836.
Pentazocine and Acetaminophen Tablets—See PF Vol. 28 No. 6,

page 1838.
Pentazocine and Aspirin Tablets—See PF Vol. 28 No. 6, page

1841.
Pentazocine and Naloxone Tablets—See PF Vol. 28 No. 6, page

1844.
Pentazocine and Naloxone Hydrochlorides Tablets—See PF Vol.

28 No. 6, page 1846.
Pentazocine Hydrochloride and Aspirin Tablets—See PF Vol. 28

No. 6, page 1847.
Pentazocine Lactate Injection—See PF Vol. 28 No. 6, page 1847.
Pentoxifylline Extended-Release Tablets—See PF Vol. 28 No. 5,

page 1433.
Perflutren Protein-Type A Microspheres Injectable Suspension—

See PF Vol. 28 No. 6, page 1848.
Perflutren Protein-Type A Microspheres for Injection—See PF

Vol. 28 No. 6, page 1852.
Petrolatum—See PF Vol. 28 No. 2, page 569.
White Petrolatum—See PF Vol. 28 No. 2, page 570.
Phenindamine Tartrate—See PF Vol. 25 No. 3, page 8063.
Phenylbutazone—See PF Vol. 28 No. 5, page 1440.
Phenyltoloxamine Dihydrogen Citrate—See PF Vol. 27 No. 6,

page 3321.
Phytonadione Injectable Emulsion—See PF Vol. 28 No. 6, page

1852.
Phytonadione Injection—See PF Vol. 28 No. 6, page 1853.
Potassium chloride Extended-Release Capsules—See PF Vol. 22

No. 6, page 3043.
Probenecid Tablets—See PF Vol. 28 No. 2, page 347.
Procainamide Hydrochloride Extended-Release Tablets—See PF

Vol. 29 No. 1, page 109.
Progesterone Injectable Suspension—See PF Vol. 28 No. 5, page

1440.
Propofol—See PF Vol. 28 No. 6, page 1854.
Propoxyphene Hydrochloride—See PF Vol. 28 No. 6, page 1857.
Propoxyphene Napsylate—See PF Vol. 28 No. 6, page 1859.
Protamine Sulfate—See PF Vol. 28 No. 6, page 1862.
Pseudoephedrine Hydrochloride Extended-Release Tablets—See

PF Vol. 29 No. 1, page 110.
Quinapril Hydrochloride—See PF Vol. 25 No. 4, page 8429.
Quinapril Tablets—See PF Vol. 25 No. 4, page 8432.
Ranitidine Oral Solution—See PF Vol. 28 No. 2, page 360.
Rifampin and Isoniazid Capsules—See PF Vol. 28 No. 6, page

1862.
Rifampin, Isoniazid, and Pyrazinamide Tablets—See PF Vol. 28

No. 6, page 1865.
Rifampin, Isoniazid, Pyrazinamide, and Ethambutol Hydro-

chloride Tablets—See PF Vol. 29 No. 1, page 112.
Rimantadine Hydrochloride—See PF Vol. 24 No. 2, page 5927.
Rimantadine Hydrochloride Tablets—See PF Vol. 24 No. 2, page

5929.
Saquinavir Capsules—See PF Vol. 27 No. 2, page 2197.
Saw Palmetto Capsules—See PF Vol. 26 No. 6, page 1571.
Saw Palmetto Extract—See PF Vol. 26 No. 6, page 1567.
Scopolamine Hydrobromide—See PF Vol. 28 No. 6, page 1868.
Sevoflurane—See PF Vol. 27 No. 3, page 2577.
Shark Liver Oil—See PF Vol. 26 No. 6, page 1643.
Sildenafil Citrate—See PF Vol. 24 No. 6, page 7182.
Sildenafil Tablets—See PF Vol. 24 No. 6, page 7184.
Simvastatin Tablets—See PF Vol. 29 No. 1, page 113.
Sodium Bicarbonate—See PF Vol. 28 No. 5, page 1446.
Sodium Butyrate—See PF Vol. 28 No. 6, page 1868.
Sodium Chloride—See PF Vol. 20 No. 5, page 7991.
Somatropin—See PF Vol. 25 No. 4, page 8540.
Somatropin for Injection—See PF Vol. 25 No. 4, page 8551.
Sorbitol Solution—See PF Vol. 29 No. 1, page 114.
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Sotalol Hydrochloride—See PF Vol. 28 No. 6, page 1868.
Sotalol Hydrochloride Tablets—See PF Vol. 27 No. 1, page 1816.
Spironolactone—See PF Vol. 29 No. 1, page 115.
Spironolactone Oral Suspension—See PF Vol. 24 No. 2, page

5813.
Spironolactone and Hydrochlorothiazide Oral Suspension—See

PF Vol. 24 No. 2, page 5814.
Sterile, Single-Use Plastic Large-Volume Containers for Human

Blood and Blood Components—See PF Vol. 23 No. 5, page
4651.

Sulfadimethoxine—See PF Vol. 28 No. 6, page 1871.
Sulfadimethoxine Sodium—See PF Vol. 28 No. 6, page 1872.
Sulfasalazine Delayed-Release Tablets—See PF Vol. 28 No. 3,

page 788.
Sumatriptan—See PF Vol. 29 No. 1, page 116.
Sumatriptan Nasal Spray—See PF Vol. 29 No. 1, page 119.
Sumatriptan Succinate—See PF Vol. 27 No. 5, page 3157.
Sutilains—See PF Vol. 27 No. 2, page 2199.
Sutilains Ointment—See PF Vol. 27 No. 2, page 2201.
Terazosin Hydrochloride—See PF Vol. 29 No. 1, page 121.
Terbutaline Sulfate Inhalation Aerosol—See PF Vol. 26 No. 3,

page 753.
Terbutaline Sulfate Injection—See PF Vol. 26 No. 3, page 756.
Theophylline Syrup—See PF Vol. 27 No. 1, page 1819.
Thiacetarsamide—See PF Vol. 29 No. 1, page 126.
Thiacetarsamide Sodium Injection—See PF Vol. 29 No. 1, page

127.
Tiamulin Fumarate—See PF Vol. 28 No. 6, page 1872.
Tobramycin Inhalation Solution—See PF Vol. 28 No. 5, page

1446.
Torsemide—See PF Vol. 28 No. 2, page 382.
Trichlorfon—See PF Vol. 26 No. 6, page 1576.
Unithiol—See PF Vol. 25 No. 2, page 7752.
Urofollitropin—See PF Vol. 28 No. 6, page 1875.
Urofollitropin for Injection—See PF Vol. 28 No. 6, page 1881.
Urokinase Concentrate—See PF Vol. 24 No. 3, page 6180.
Ursodiol—See PF Vol. 29 No. 1, page 128.
Valproic Acid—See PF Vol. 29 No. 1, page 128.
Valproic Acid Injection—See PF Vol. 26 No. 4, page 939.
Valsartan—See PF Vol. 28 No. 2, page 396.
Valsartan Capsules—See PF Vol. 28 No. 2, page 399.
Valsartan and Hydrochlorothiazide Tablets—See PF Vol. 29 No. 1,

page 129.
Vecuronium Bromide—See PF Vol. 28 No. 6, page 1886.
Vecuronium Bromide for Injection—See PF Vol. 25 No. 4, page

8449.
Verteporfin—See PF Vol. 29 No. 1, page 132.
Verteporfin for Injection—See PF Vol. 27 No. 3, page 2587.
Vitamin E—See PF Vol. 27 No. 5, page 3159.
Vitamin E Capsules—See PF Vol. 28 No. 6, page 1889.
Sterile Purified Water—See PF Vol. 28 No. 4, page 1272.
Water for Injection—See PF Vol. 28 No. 5, page 1454.
Water for Hemodialysis—See PF Vol. 28 No. 5, page 1610.
Yttrium 90 Ibritumomab Tiuxetan Injection—See PF Vol. 28 No.

6, page 1890.

EXCIPIENTS

Excipients, USP and NF Excipients, Listed by Category—See PF
Vol. 21 No. 5, page 1258; PF Vol. 25 No. 5, page 8887; PF
Vol. 28 No. 4, page 1206 and 1273; PF Vol. 28 No. 3, page
796; PF Vol. 28 No. 6, page 1891; PF Vol. 29 No. 1, page 135.

GENERAL CHAPTERS

General Tests and Assays

General Requirements for Tests and Assays

h1i Injections—See PF Vol. 28 No. 6, page 1910.

h11i USP Reference Standards—See PF Vol. 22 No. 6, page 3212;
PF Vol. 23 No. 4, page 4500; PF Vol. 23 No. 6, page 5180; PF
Vol. 24 No. 5, page 6925; PF Vol. 25 No. 3, page 8222; PF
Vol. 25 No. 4, page 8561; PF Vol. 25 No. 5, page 8893; PF
Vol. 25 No. 6, page 9222; PF Vol. 26 No. 1, page 218; PF Vol.
26 No. 2, page 471; PF Vol. 26 No. 3, page 793; PF Vol. 26
No. 4, page 1101; PF Vol. 26 No. 5, page 1369; PF Vol. 26
No. 6, page 1606; PF Vol. 27 No. 1, page 1832; PF Vol. 27
No. 2, page 2268; PF Vol. 27 No. 3, page 2594; PF Vol. 27
No. 4, page 2806; PF Vol. 27 No. 5, page 3071; PF Vol. 27
No. 6, page 3348; PF Vol. 28 No. 1, page 111; PF Vol. 28 No.
2, page 433, PF Vol. 28 No. 3, page 839, PF Vol. 28 No. 4,
page 1224, PF Vol. 28 No. 5, page 1468; PF Vol. 28 No. 6,
page 1913; PF Vol. 29 No. 1, page 163.

Apparatus for Tests and Assays

h41i Weights and Balances—See PF Vol. 26 No. 6, page 1607.

Microbiological Tests

h61i Microbial Limit Tests—See PF Vol. 27 No. 2, page 2269.
h62i Microbiological Procedures for Absence of Objectionable

Microorganisms—See PF Vol. 27 No. 2, page 2269.
h71i Sterility Tests—See PF Vol. 26 No. 4, page 1102.

Chemical Tests and Assays

LIMIT TESTS

h231i Heavy Metals—See PF Vol. 27 No. 3, page 2619.
h267i Porosimetry by Mercury Intrusion—See PF Vol. 24 No. 4,

page 1290.
h281i Residue on Ignition—See PF Vol. 28 No. 1, page 129; PF

Vol. 28 No. 6, page 1915.

OTHER TESTS AND ASSAYS

h311i Alginates Assay—See PF Vol. 26 No. 3, page 643.
h381i Elastomeric Closures for Injections—See PF Vol. 29 No. 1,

page 164.
h429i Light Diffraction Measure of Particle Size—See PF Vol. 24

No. 4, page 1293.
h518i Solution Calorimetry—See PF Vol. 28 No. 4, page 1299.
h581i Vitamin D Assay—See PF Vol. 26 No. 4, page 1111.

Physical Tests and Determinations

h601i Aerosols, Metered-Dose Inhjalers, and Dry Powder Inha-
lers—See PF Vol. 28 No. 5, page 1470.

h621i Chromatography—See PF Vol. 29 No. 1, page 170.
h625i Clarity and Degree of Opalescence of Liquids—See PF Vol.

26 No. 6, page 1616.
h627i Degree of Color of Liquids—See PF Vol. 26 No. 6, page

1617.
h643i Total Organic Carbon—See PF Vol. 28 No. 6, page 1921.
h661i Containers—See PF Vol. 28 No. 5, page 1492.
h696i Crystallinity Determination by Solution Calorimetry—See

PF Vol. 29 No. 1, page 175.
h699i Density of Solids—See PF Vol. 28 No. 2, page 603.
h730i Inductively Coupled Plasma (ICP)—See PF Vol. 28 No. 6,

page 1922.
h788i Particulate Matter in Injections—See PF Vol. 28 No. 6, page

1930.
h789i Particulate Matter in Ophthalmic Solutions—See PF Vol. 28

No. 5, page 1496.
h795i Pharmaceutical Compounding—Nonsterile Preparations—

See PF Vol. 29 No. 1, page 179.
h811i Powder Fineness—See PF Vol. 28 No. 2, page 611.
h846i Specific Surface Area—See PF Vol. 28 No. 2, page 612.
h905i Uniformity of Dosage Units—See PF Vol. 28 No. 5, page

1498.
h941i X-Ray Diffraction—See PF Vol. 28 No. 5, page 1500.
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General Information

h1010i Analytical Data—Interpretation and Treatment—See PF
Vol. 29 No. 1, page 187.

h1047i Biotechnology-Derived Articles—Tests—See PF Vol. 27
No. 2, page 2277.

h1051i Cleaning Glass Apparatus—See PF Vol. 28 No. 5, page
1503.

h1072i Disinfectants and Antiseptics—See PF Vol. 28 No. 1, page
143.

h1075iGood Compounding Practices—See PF Vol. 28 No. 2, page
640.

h1078i Good Manufacturing Practices for Bulk Pharmaceutical
Excipients—See PF Vol. 28 No. 5, page 1504.

h1080i Bulk Pharmaceutical Excipients—Certificate of Analy-
sis—See PF Vol. 28 No. 5, page 1650.

h1089i In Vitro, Absorption-Indicating Cell Culture System—See
PF Vol. 25 No. 5, page 8733.

h1111i Microbiological Attributes of Nonsterile Pharmaceutical
Products—See PF Vol. 25 No. 2, page 7785.

h1116i Microbiological Evaluation of Clean Rooms and Other
Controlled Environments—See PF Vol. 25 No. 3, page 8264.

h1118iMonitoring Devices—Time, Temperature, and Humidity—
See PF Vol. 29 No. 1, page 206.

h1119i Near Infrared Spectrophotometry—See PF Vol. 28 No. 6,
page 1938.

h1136i Packaging—Unit of Use—See PF Vol. 28 No. 4, page
1302.

h1141i Packaging, Storage, and Distribution of Pharmacopeial Ar-
ticles—See PF Vol. 26 No. 2, page 493.

h1151i Pharmaceutical Dosage Forms—See PF Vol. 26 No. 2,
page 499.

h1160i Pharmaceutical Calculations in Prescription Compound-
ing—See PF Vol. 29 No. 1, page 224.

h1172i Photostability Testing—See PF Vol. 26 No. 2, page 384.
h1174i Powder Flow—See PF Vol. 28 No. 2, page 618.
h1175i Preformulation Guidelines—See PF Vol. 26 No. 6, page

1672.
h1186i Shipping and Storage of Labile Preparations—See PF Vol.

28 No. 2, page 495.
h1191i Stability Consideration in Dispensing Practice—See PF

Vol. 28 No. 1, page 112.
h1195i Significant Change Guide for Bulk Pharmaceutical Excipi-

ents—See PF Vol. 28 No. 5, page 1662.
h1198i Standardized Imprint Codes for Solid Oral Dosage

Forms—See PF Vol. 28 No. 1, page 152.
h1206i Sterile Drug Products for Home Use—See PF Vol. 28 No.

2, page 498.
h1209i Sterilization—Chemical and Physicochemical Indicators

and Integrators—See PF Vol. 29 No. 1, page 243.
h1216i Tablet Friability—See PF Vol. 25 No. 1, page 7466.
h1222i Terminally Sterilized Pharmaceutical Products—Para-

metric Release—See PF Vol. 29 No. 1, page 247.
h1223i Validation of Alternative Microbiological Methods—See

PF Vol. 29 No. 1, page 256.
h1230iWater for Health Applications—See PF Vol. 28 No. 5, page

1672.
h1265i Written Prescription Drug Information—Guidelines—See

PF Vol. 28 No. 5, page 1539.

REAGENTS, INDICATORS, AND SOLUTIONS

Reagent Specifications

2-Acetamidophenol—See PF Vol. 25 No. 6, page 9107.
Agarose—See PF Vol. 27 No. 6, page 3363.
Air-Nitrous Oxide Certified Standard—See PF Vol. 28 No. 4, page

1234.
Ammonium Pyrrolidinedithiocarbamate—See PF Vol. 27 No. 5,

page 3115.
Antithrombin III for Amidolytic Test—See PF Vol. 29 No. 1, page

264.

Bacterial Alkaline Protease Preparation—See PF Vol. 28 No. 2,
page 552.

Barbituric Acid—See PF Vol. 29 No. 1, page 265.
Benzil—See PF Vol. 28 No. 4, page 1305.
Bromelain—See PF Vol. 28 No. 2, page 552.
Bromobimane—See PF Vol 25 No. 2, page 7804.
Branched Polymeric Sucrose—See PF Vol. 27 No. 6, page 3363.
1,4-Butanediol—See PF Vol 25 No. 5, page 8747.
Butyrolactone—See PF Vol. 22 No. 6, page 3248.
dl-Camphene—See PF Vol. 28 No. 6, page 1951.
Capric Acid—See PF Vol 25 No. 5, page 8749.
Cesium Chloride—See PF Vol. 28 No. 3, page 849.
0.5 M Copper Sulfate Solution—See PF Vol. 26 No. 5, page 1382.
Cyclohexylmethanol—See PF Vol. 28 No. 3, page 849.
DEAE-Agarose—See PF Vol. 29 No. 1, page 265.
Deoxyadenosine Triphosphate—See PF Vol. 27 No. 6, page 3364.
Deoxycytidine Triphosphate—See PF Vol. 27 No. 6, page 3364.
Deoxyguanosine Triphosphate—See PF Vol. 27 No. 6, page 3364.
Deoxyribonucleic Acid Polymerase—See PF Vol. 27 No. 6, page

3365.
Deoxythymidine Triphosphate—See PF Vol. 27 No. 6, page 3365.
Dibutylammonium Phosphate—See PF Vol. 26 No. 4, page 1132.
Dicyclohexyl—See PF Vol. 28 No. 3, page 849.
Dicyclohexyl Phthalate—See PF Vol. 26 No. 2, page 504.
Diethylpyrocarbonate—See PF Vol. 27 No. 6, page 3365.
Diisobutylene—See PF Vol. 28 No. 4, page 1305.
N,N-Dimethyldodecylamine-N-oxide—See PF Vol. 27 No. 4, page

2837.
2,5-Dimethylphenol—See PF Vol. 27 No. 6, page 3364.
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl Tetrazolium Bro-

mide—See PF Vol. 27 No. 6, page 3365.
Dioleoylglycerol—See PF Vol. 26 No. 6, page 1622.
1,2-Dioleoyl-3-linoleoyl-rac-glycerol—See PF Vol. 28 No. 3, page

849.
Disodium Arsenate—See PF Vol. 28 No. 4, page 1305.
Escin—See PF Vol. 27 No. 4, page 2837.
17a-Estradiol—See PF Vol. 27 No. 2, page 2278.
Ethidium Bromide—See PF Vol. 27 No. 6, page 3366.
Ethylbenzene—See PF Vol. 28 No. 3, page 850.
Ferulic Acid—See PF Vol. 28 No. 6, page 1951.
9-Fluorenylmethyl Chloroformate—See PF Vol. 25 No. 5, page

8916.
Formamide, Anhydrous—See PF Vol. 27 No. 5, page 3115.
Glucose—See PF Vol. 28 No. 3, page 850.
L-Glutamic Acid—See PF Vol. 27 No. 6, page 3366.
L-Glutamine—See PF Vol. 27 No. 6, page 3366.
Guanidine Isothiocyanate—See PF Vol. 27 No. 6, page 3366.
Heptafluorobutyric Acid—See PF Vol. 26 No. 4, page 1132.
Hexadecane—See PF Vol. 28 No. 4, page 1305.
Hexadimethrine Bromide—See PF Vol. 29 No. 1, page 265.
Hexamethylenetetramine—See PF Vol. 28 No. 3, page 850.
L-Histidine Hydrochloride Monohydrate—See PF Vol. 27 No. 6,

page 3366.
Homatropine Hydrobromide—See PF Vol. 28 No. 4, page 1305.
Hydrocodone Diol—See PF Vol. 28 No. 4, page 1306.
Iodoethane—See PF Vol. 24 No. 6, page 7327.
Isoferulic Acid—See PF Vol. 27 No. 4, page 2837.
Isomaltotriose—See PF Vol. 28 No. 6, page 1952.
Lanthanum Oxide—See PF Vol. 28 No. 3, page 851.
Lead Acetate Paper—See PF Vol. 29 No. 1, page 265.
Linoleic Acid—See PF Vol. 27 No. 6, page 3367.
a-Lipoic Acid—See PF Vol. 27 No. 6, page 3367.
2-Methyl-5-nitroimidazole—See PF Vol. 25 No. 2, page 7804.
3-Methyl-2-benzothiazolinone Hydrazone Hydrochloride—See

PF Vol. 25 No. 3, page 8280.
Monooleoylglycerol—See PF Vol. 26 No. 6, page 1622.
Nickel(II) Sulfate Heptahydrate—See PF Vol. 27 No. 5, page 3116.
Nitric Acid, Lead-Free—See PF Vol. 28 No. 3, page 851.
Nonylphenol Polyoxyethylene Ether—See PF Vol. 27 No. 6, page

3368.
Oligo-deoxythymidine—See PF Vol. 27 No. 6, page 3368.
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Pentadecanoic Acid Methyl Ester—See PF Vol. 26 No. 6, page
1622.

o-Phenanthroline Monohydrochloride Monohydrate—See PF Vol.
27 No. 1, page 1904.

Phenol Red, Sodium—See PF Vol. 27 No. 6, page 3368.
Polyoxyethylene (20) Sorbitan Monolaurate—See PF Vol. 27 No.

6, page 3368.
Protocatechuic Acid—See PF Vol. 28 No. 6, page 1952.
Putrescine Dihydrochloride—See PF Vol. 27 No. 6, page 3369.
Pyruvic Acid—See PF Vol. 28 No. 5, page 1542.
Reverse Transcriptase—See PF Vol. 27 No. 6, page 3369.
Ribonuclease Inhibitor—See PF Vol. 27 No. 6, page 3369.
Sodium Iodate—See PF Vol. 27 No. 6, page 3369.
Tetrahydro-2-furancarboxylic Acid—See PF Vol. 25 No. 5, page

8748.
N-(2-Tetrahydrofuroyl)piperazine—See PF Vol. 25 No. 5, page

8748.
1,1,4,4-Tetraphenyl-1,3-butadiene—See PF Vol. 26 No. 6, page

1623.
Thymidine—See PF Vol. 27 No. 6, page 3369.
Trioleoylglycerol—See PF Vol. 26 No. 6, page 1623.
Tropine—See PF Vol. 28 No. 4, page 1306.
L-Tyrosine Disodium—See PF Vol. 27 No. 6, page 3370.
Vinyl Acetate—See PF Vol. 21 No. 2, page 466.
2-Vinylpyridine—See PF Vol. 26 No. 2, page 504.
1-Vinyl-2-pyrrolidone—See PF Vol. 22 No. 6, page 3249.
m-Xylene—See PF Vol. 28 No. 6, page 1952.
Zinc Sulfate Heptahydrate—See PF Vol. 26 No. 2, page 504.

Indicator Test Papers

Methyl Green—See PF Vol. 28 No. 4, page 1306.
Methyl Green—Iodomercurate Paper—See PF Vol. 28 No. 4, page

1306.
Nickel Standard Solution TS—See PF Vol. 27 No. 5, page 3117.
Ninhydrin TS—See PF Vol. 28 No. 3, page 852.
Perchloric Acid TS—See PF Vol. 27 No. 1, page 1905.

Test Solutions

Cupric Citrate TS—See PF Vol. 27 No. 5, page 3117.
Ferroin TS—See PF Vol. 27 No. 1, page 1905.
Nickel Standard Solution TS—See PF Vol. 27 No. 5, page 3117.
Perchloric Acid TS—See PF Vol. 27 No. 1, page 1905.

Volumetric Solutions

Hydrochloric Acid, Alcoholic, Tenth-Molar (0.1 M)—See PF Vol.
28 No. 4, page 1235.

Potassium Hydroxide, Alcoholic, Tenth Molar (0.1 M)—See PF
Vol. 28 No. 4, page 1235.

Tetrabutylammonium hydroxide in methanol/isopropyl alcohol,
0.1 N—See PF Vol. 28 No. 4, page 1307.

Reagent Footnotes

Footnote 85—See PF Vol. 26 No. 4, page 1133.
Footnote 87—See PF Vol. 26 No. 5, page 1383.
Footnote 99—See PF Vol. 27 No. 6, page 3374.
Footnote 100—See PF Vol. 27 No. 6, page 3374.
Footnote 101—See PF Vol. 27 No. 6, page 3374.
Footnote 102—See PF Vol. 27 No. 6, page 3374.
Footnote 103—See PF Vol. 28 No. 2, page 554.
Footnote 105—See PF Vol. 28 No. 6, page 1952.
Footnote 106—See PF Vol. 29 No. 1, page 266.

REFERENCE TABLES

Container Specifications for Capsules and Tablets—See PF Vol. 25
No. 5, page 8860; PF Vol. 25 No. 6, page 9176; PF Vol. 26
No. 1, page 145; PF Vol. 26 No. 3, page 836; PF Vol. 26 No.
4, page 1133; PF Vol. 26 No. 5, page 1384; PF Vol. 27 No. 1,
page 1906; PF Vol. 27, No. 3, page 2597; PF Vol. 27 No. 5,
page 3118; PF Vol. 28 No. 3, page 852; PF Vol. 28 No. 4, page
1235; PF Vol. 28 No. 6, page 1952; PF Vol. 29 No. 1, page
266.

Description and Relative Solubility of USP and NF Articles—See
PF Vol. 21 No. 5, page 1250; PF Vol. 23 No. 6, page 5310; PF
Vol. 24 No. 5, page 7017; PF Vol. 25 No. 3, page 8282; PF
Vol. 25 No. 4, page 8589; PF Vol. 25 No. 5, page 8917; PF
Vol. 25 No. 6, page 9254; PF Vol. 26 No. 2, page 504 and 505;
PF Vol. 26 No. 3, page 837; PF Vol. 26 No. 4, page 1135; PF
Vol. 26 No. 5, page 1385; PF Vol. 27 No. 1, page 1907; PF
Vol. 27 No. 2, page 2281; PF Vol. 27 No. 4, page 2839; PF
Vol. 27 No. 5, page 3120; PF Vol. 27 No. 6, page 3374; PF
Vol. 28 No. 2, page 554, PF Vol. 28 No. 3, page 853, PF Vol.
28 No. 4, page 1236, PF Vol. 28 No. 5, page 1542; PF Vol. 28
No. 6, page 1953; PF Vol. 29 No. 1, page 266.

GENERAL NOTICES AND REQUIREMENTS

‘‘Official’’ and ‘‘Official Articles’’—See PF Vol. 28 No. 1, page
88.

NF MONOGRAPHS

Alfadex—See PF Vol. 28 No. 5, page 1611.
Amminio Methacrylate Copolymer Dispersion—See PF Vol. 28

No. 2, page 628.
Ammonium Sulfate—See PF Vol. 29 No. 1, page 136.
Aspartame Acesulfame—See PF Vol. 28 No. 5, page 1613.
Butylparaben—See PF Vol. 28 No. 2, page 572.
Candelilla Wax—See PF Vol. 29 No. 1, page 138.
Caprylocaproyl Macrogolglycerides—See PF Vol. 26 No. 2, page

448.
Carboxymethylcellulose Calcium—See PF Vol. 23 No. 6, page

5063.
Low-Substituted Carboxymethylcellulose Sodium—See PF Vol.

28 No. 5, page 1617.
Carboxymethylcellulose Sodium Suspension—See PF Vol. 25 No.

3, page 8088.
Cellulose Acetate Butyrate—See PF Vol. 25 No. 2, page 7861.
Microcrystalline Cellulose—See PF Vol. 28 No. 6, page 1893.
Cetrimonium Bromide—See PF Vol. 29 No. 1, page 139.
Black Cohosh—See PF Vol. 28 No. 5, page 1455.
Powdered Black Cohosh—See PF Vol. 28 No. 5, page 1460.
Powdered Black Cohosh Extract—See PF Vol. 28 No. 5, page

1461.
Black Cohosh Tablets—See PF Vol. 28 No. 5, page 1462.
Copovidone—See PF Vol. 24 No. 5, page 6891.
Coriander Oil—See PF Vol. 28 No. 5, page 1464.
Corn Syrup—See PF Vol. 28 No. 2, page 403.
Corn Syrup Solids—See PF Vol. 28 No. 6, page 1894.
High Fructose Corn Syrup—See PF Vol. 28 No. 2, page 408.
Cottonseed Oil, Hydrogenated—See PF Vol. 29 No. 1, page 141.
Croscarmellose Sodium—See PF Vol. 23 No. 3, page 4007.
Crospovidone—See PF Vol. 24 No. 1, page 5482.
Dibutyl Phthalate—See PF Vol. 28 No. 5, page 1619.
Diethylene Glycol Monostearate—See PF Vol. 28 No. 5, page

1621.
Dimethicone—See PF Vol. 29 No. 1, page 142.
Docosahexaenoic Acid—See PF Vol. 26 No. 6, page 1648.
Docosahexaenoic Acid Capsules—See PF Vol. 26 No. 6, page

1651.
Docosahexaenoic Acid Oil—See PF Vol. 26 No. 6, page 1652.
Eleuthero—See PF Vol. 26 No. 6, page 1596.
Ethylene Glycol Monostearate—See PF Vol. 28 No. 5, page 1622.
Ethylparaben—See PF Vol. 28 No. 2, page 574.
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Ginger Capsules—See PF Vol. 28 No. 3, page 814.
Powdered Ginkgo Extract—See PF Vol. 27 No. 2, page 2233.
Ginkgo Capsules—See PF Vol. 27 No. 2, page 2238.
Ginkgo Tablets—See PF Vol. 27 No. 2, page 2240.
American Ginseng—See PF Vol. 27 No. 2, page 2243.
Powdered American Ginseng—See PF Vol. 27 No. 2, page 2247.
Asian Ginseng Capsules—See PF Vol. 26 No. 3, page 775.
Glucosamine and Chondroitin Sulfate Tablets—See PF Vol. 28 No.

6, page 1896.
Glyceryl Distearate—See PF Vol. 28 No. 5, page 1624.
Glyceryl Monolinoleate—See PF Vol. 28 No. 5, page 1627.
Glyceryl Monooleate—See PF Vol. 28 No. 5, page 1629.
Goldenseal—See PF Vol. 27 No. 2, page 2255.
Powdered Hawthorn Leaf with Flower—See PF Vol. 26 No. 5,

page 1362.
Hydrogenated Soybean Oil—See PF Vol. 28 No. 5, page 1631.
Hymetellose—See PF Vol. 28 No. 5, page 1633.
Hypromellose Acetate Succinate—See PF Vol. 29 No. 1, page 142.
Kava—See PF Vol. 28 No. 1, page 100.
Powdered Kava—See PF Vol. 28 No. 1, page 104.
Powdered Kava Extract—See PF Vol. 28 No. 3, page 815.
Semisolid Kava Extract—See PF Vol. 28 No. 3, page 817.
Kava Capsules—See PF Vol. 28 No. 3, page 818.
Kava Tablets—See PF Vol. 28 No. 3, page 820.
Lauroyl Macrogolglycerides—See PF Vol. 26 No. 2, page 456.
Lemon Tincture—See PF Vol. 28 No. 5, page 1464.
Licorice—See PF Vol. 26 No. 5, page 1363.
Powdered Licorice Extract—See PF Vol. 26 No. 5, page 1365.
Linoleoyl Macrogolglycerides—See PF Vol. 26 No. 2, page 457.
Lutein—See PF Vol. 28 No. 2, page 632.
Lutein Preparation—See PF Vol. 28 No. 2, page 634.
Maltitol Solution—See PF Vol. 29 No. 1, page 146.
Maltose—See PF Vol. 29 No. 1, page 148.
Methylparaben—See PF Vol. 28 No. 52 page 575.
Monosodium Glutamate—See PF Vol. 28 No. 3, page 826.
Nettles—See PF Vol. 28 No. 1, page 105.
Powdered Nettles—See PF Vol. 28 No. 1, page 108.
Powdered Nettles Extract—See PF Vol. 28 No. 1, page 109.
Oleic Acid—See PF Vol. 28 No. 6, page 1898.
Oleoyl Macrogolglycerides—See PF Vol. 26 No. 2, page 459.
Compound Orange Spirit—See PF Vol. 28 No. 5, page 1466.
Phenolsulfonphthalein—See PF Vol. 28 No. 6, page 1899.
2-Phenoxyethanol—See PF Vol. 28 No. 6, page 1900.
Maritime Pine—See PF Vol. 28 No. 6, page 1903.
Maritime Pine Extract—See PF Vol. 28 No. 6, page 1905.
Polyethylene Glycol—See PF Vol. 28 No. 6, page 1908.
Vitamin E Polyethylene Glycol Succinate—See PF Vol. 28 No. 6,

page 1909.
Polyisobutylene—See PF Vol. 29 No. 1, page 150.
Polyoxyl Lauryl Ether—See PF Vol. 28 No. 5, page 1640.
Polyoxyl Oleate—See PF Vol. 28 No. 5, page 1641.
Polyoxyl Stearyl Ether—See PF Vol. 28 No. 5, page 1642.
Propylparaben—See PF Vol. 28 No. 2, page 581.
Sorbitol—See PF Vol. 29 No. 1, page 152.
Anhydrized Liquid Sorbitol—See PF Vol. 29 No. 1, page 154.

Sorbitol Solution—See PF Vol. 28 No. 3, page 787.
Noncrystallizing Sorbitol Solution—See PF Vol. 29 No. 1, page

156.
Starch—See PF Vol. 28 No. 3, page 837.
Modified Starch—See PF Vol. 27 No. 3, page 2629.
Pregelatinized Starch—See PF Vol. 29 No. 1, page 151.
Pregelatinized Modified Starch—See PF Vol. 27 No. 3, page 2630.
Tapioca Starch—See PF Vol. 28 No. 3, page 838.
Stearoyl Macrogolglycerides—See PF Vol. 26 No. 2, page 467.
Sunflower Oil—See PF Vol. 27 No. 4, page 2803.
Talc—See PF Vol. 29 No. 1, page 157.
Tobramycin Inhalation Solution—See PF Vol. 28 No. 3, page 789.
Tolu Balsam Syrup—See PF Vol. 28 No. 5, page 1467.
Tolu Balsam Tincture—See PF Vol. 28 No. 5, page 1468.
Tribasic Sodium Phosphate—See PF Vol. 29 No. 1, page 162.
Medium-Chain Triglycerides—See PF Vol. 28 No. 5, page 1645.
Valerian Capsules—See PF Vol. 27 No. 1, page 1825.

NUTRITIONAL SUPPLEMENTS

MONOGRAPHS

Minerals Capsules—See PF Vol. 28 No. 5, page 1543.
Minerals Tablets—See PF Vol. 28 No. 5, page 1543.
Oil- and Water-Soluble Vitamins Tablets—See PF Vol. 28 No. 5,
page 1544.

Oil- and Water-Soluble Vitamins with Minerals Capsules—See PF
Vol. 28 No. 5, page 1544.

Oil- and Water-Soluble Vitamins with Minerals Tablets—See PF
Vol. 28 No. 5, page 1545.

Oil-Soluble Vitamins Tablets—See PF Vol. 28 No. 5, page 1547.
Water-Soluble Vitamins with Minerals Capsules—See PF Vol. 28
No. 5, page 1547.

Water-Soluble Vitamins with Minerals Tablets—See PF Vol. 28
No. 5, page 1548.

NUTRITIONAL SUPPLEMENTS

GENERAL CHAPTERS

h2021i Microbial Limit Tests Nutritional Supplements—See PF
Vol. 29 No. 1, page 268.
h2022i Microbiological Procedures for Absence of Objectionable
Microorganisms in Nutritional and Dietary Articles—See PF
Vol. 29 No. 1, page 287.
h2023i Microbiological Attributes of Nonsterile Nutritional and
Dietary Supplements—See PF Vol. 29 No. 1, page 296.
h2040i Disintegration and Dissolution of Nutritional
Supplements—See PF Vol. 28 No. 5, page 1673.
h2091i Uniformity of Dietary Supplement Intake Units—See PF
Vol. 28 No. 5, page 1549.
h2750iManufacturing Practices for Nutritional Supplements—See
PF Vol. 28 No. 2, page 534.
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Proposed Revisions and New Text Previously Presented in PF but Now Canceled

(Canceled proposals may be republished at any time in a future number of Pharmacopeial Forum.)

[PF 29(1)–PF 29(6)]

PF Volume, Issue, and Page Numbers of Canceled Proposals
Title and Proposal Vol. No. Page(s)

General Notices
Preservation, Packaging, Storage, and Labeling 26 3 653
USP Monographs
{Bacitracin—Identification 28 3 745
Cabergoline (new) 24 6 7141
Cabergoline Tablets (new) 24 6 7142
{Carbon Dioxide—Air, Assay 28 4 1082
Carboxymethylcellulose Sodium (new) 26 5 1403
Desonide (new) 22 3 2275
Desonide Cream (new) 22 3 2276
Desonide Ointment (new) 22 3 2277
{Dihydroergotamine Mesylate (entire submission) 24 1 5562
{Dihydroergotamine Mesylate Injection—Chromatographic
purity, Assay

24 1 5564

Enalaprilat Injection (new) 19 4 5587
Enoxaparin Sodium (new) 22 6 3031
Enoxaparin Sodium Injection (new) 22 6 3038
Epinephryl Borate Ophthalmic Solution—USP
Reference standards, Assay

23 3 3991

{Fluoxetine Capsules—Chromatographic purity, Related
compounds, Assay

27 2 2150

Gabapentin (new) 27 5 3004
{Mecamylamine Hydrochloride (entire submission) 28 2 320
Hydroxypropyl Methylcellulose—Harmonization (new) 24 5 6726
Methylcellulose—Harmonization (new) 24 5 6737
Montelukast Sodium (new) 24 6 7160
Montelukast Sodium Tablets (new) 24 6 7162
Morphine Sulfate Extended-Release Capsules (new) 25 4 8426
Perflutren Protein-Type A Microspheres for Injection
[Former title: Albumin Encapsulated Octafluoropropane
Microspheres for Injection] (new)

27 4 2769

Povidone (entire submission) 22 6 3163
Sertraline Hydrochloride (new) 24 6 7179
Sertraline Hydrochloride Tablets (new) 24 6 7181
Sulindac—Chromatographic purity 25 5 8879
Sulindac Tablets 25 5 8880
Sunflower Oil—Briefing 27 4 2779
Titanium Dioxide (new) 24 2 5796
Sterile Water for Injection—pH, Other requirements 27 4 2787
{Vancomycin—Chromatographic purity, Labeling 27 4 2783
{Vancomycin Hydrochloride—Labeling, Other requirements 27 4 2784
{Vancomycin Injection—Chromatographic purity 27 4 2784
{Vancomycin Hydrochloride for Injection—Chromatographic
purity

27 4 2786

{Vancomycin for Injection (entire submission) 27 4 2785
{Sterile Vancomycin Hydrochloride—Title 27 4 2786
USP General Test Chapters
h11i USP Reference Standards
USP Povidone RS
{USP Sulindac Related Compound A RS

20
25

5
5

8060
8893

h661i Containers—Polypropylene Containers (added) 26 4 1117
h786i Particle Size Distribution Estimation by
Analytical Sieving—Harmonization

25 1 7460

USP General Information Chapters
h1010i Analytical Data—Interpretation and Treatment 27 5 3086–3100
NF Monographs
Benzyl Alcohol (entire submissions) 27 4 2790, 2855
Cellulose Acetate 23 5 4677
Dimethicone—Bacterial endotoxins 28 3 813
Hydroxyethyl Cellulose (entire submission) 20 6 8311
Hydroxypropyl Beta Cyclodextrin (new) 24 6 7284
Silicon Dioxide (entire submission) 24 6 7191
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PF Volume, Issue, and Page Numbers of Canceled Proposals
Title and Proposal Vol. No. Page(s)

Colloidal Silicon Dioxide—Harmonization 24 6 7187, 7194
Sodium Starch Glycolate (entire submission) 22 6 3202
Rice Starch (new) 23 4 4348
Stearic Acid—Harmonization 20

28
6
2

8313
583

Sucrose (entire submission) 22 6 3206
Reagents, Indicators, and Solutions
{2-Isopropylphenol (new) 27 4 2838

{New cancellations in 29(2).
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HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group (PDG).

The PDG consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese Pharma-

copoeia (JP). The process of harmonization is composed of several steps (Stages).

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for each

item. The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization may be car-

ried out retrospectively for existing monographs or chapters, or prospectively for new monographs or chapters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the preparation of

a Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and including validation

data where appropriate. This report is based on input that comes from users, authorities, producers, associations, literature,

experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordinating

pharmacopeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two participating

pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears as

OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and

submits the consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a har-

monized Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a

CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating

pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure.

Adopted items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of their

Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the particular

region.



PHARMACOPEIAL PREVIEWS

This section contains potential revisions not yet targeted for official adoption. These may include drafts for new monographs

or chapters; drafts for standards that would require new or unusual technology; drafts for which more data are required; or

changes that would affect numerous monographs, thus having a broad impact on individual products. Readers should review

the drafts in this section and provide comments to the appropriate staff liaison whose name is cited in the Briefing (use the

Staff Directory to find the contact information).

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

BRIEFING

Name of Item, citations of the most recent USP publications in which this item appeared. Rationale for the

revision. Other relevant information. (For example, if a chromatographic method is being used, column spe-

cifications and retention times for compounds of interest.) Finally, the Committee designation (seeHow To Use

PF), the name of the scientific staff liaison who handled this item, and USP tracking correspondence number,

as shown in the example below:

(PA5: K. Russo) RTS—55678-1

Symbols No symbols are used in this section, as Previews are not yet targeted for official adoption.
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MONOGRAPHS (USP)

BRIEFING

Mirtazapine; Mirtazapine Tablets. Because there are no ex-
isting USP monographs for this drug substance and dosage form,
new monographs are being previewed. The liquid chromatographic
procedures in the test for Chromatographic purity and in the Assay
are based on analyses performed with the Hypersil-ODS brand of
L1 column. The retention time of mirtazapine is about 17 minutes.

(PA3: S. Salado) RTS—37986-1

Add the following:

Mirtazapine

C17H19N3 265.35

Py r az i no [2 , 1 -a ] py r i do [2 , 3 - c ] [ 2 ] benzaz ep in e ,

1,2,3,4,10,14b-hexahydro-2-methyl-.

1,2,3,4,10,14b-Hexahydro-2-methylpyrazino[2,1-a]pyri-

do[2,3-c]benzazepine [61337-67-5].

» Mirtazapine contains not less than 98.5 percent

and not more than 101.5 percent of C17H19N3, cal-

culated on the anhydrous basis.

Packaging and storage—Preserve in tight containers at

temperatures between 158 and 258.

USP Reference standards h11i—USP Mirtazapine RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

Melting range h741i: between 1208 and 1248.

Specific rotation h781Si: between +28 and –28.

Test solution: 10 mg per mL, in denatured alcohol.

Water, Method I h921i: not more than 3.0%.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method I h231i: 0.001%.

Diluent: a mixture of methanol and water (85:15).

Test Preparation: Dissolve 4.8 g of mirtazapine in 51 mL

of methanol. Add 9 mL of water. Adjust 25 mL of this solu-

tion with 1 N acetic acid to a pH of between 3.0 and 4.0,

using a short-range pH indicator paper as the internal indi-

cator. Dilute with Diluent to 40 mL, and mix.

NOTE—Use Diluent instead of water to prepare the Stan-

dard Preparation andMonitor Preparation. Prepare a blank

of Diluent, and use Diluent instead of water in the Proce-

dure.

Chromatographic purity—

Diluent, Buffer solution, and Mobile phase—Proceed as

directed in the Assay.

Standard solution—Dissolve an accurately weighed

quantity of USPMirtazapine RS inDiluent, and dilute quan-

titatively, and stepwise if necessary, with Diluent to obtain a

solution having a known concentration of about 0.15 mg per

mL.

Test solution—Transfer about 150 mg of Mirtazapine, ac-

curately weighed, to a 100-mL volumetric flask, dissolve in

and dilute with Diluent to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 240-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing

L1. The flow rate is about 1.5 mL per minute. The column

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
Vol. 29(2) [Mar.–Apr. 2003] PHARMACOPEIAL PREVIEWS 529



temperature is maintained at 408. Chromatograph the Stan-

dard solution, and record the peak response as directed for

Procedure: the tailing factor is not more than 2.0; and the

relative standard deviation for replicate injections is not

more than 10.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for the major peaks. Calculate the percentage of

each impurity in the portion of Mirtazapine taken by the for-

mula:

10,000F(C/W) (ri / rS ),

in which F is the relative response factor for the mirtazapine

impurities and is equal to 0.24 for any impurity at a relative

retention time of about 1.3, and 1.0 for any other impurity; C

is the concentration, in mg per mL, of USP Mirtazapine RS

in the Standard solution; W is the weight, in mg, of Mirta-

zapine taken to prepare the Test solution; ri is the peak re-

sponse of any impurity obtained from the Test solution; and

rS is the mirtazapine peak response obtained from the Stan-

dard solution: not more than 0.1% of any individual impu-

rity is found, and not more than 0.5% of total impurities is

found. [NOTE—Disregard any peak representing less than

0.05% of the main peak and any peak that is due to the Dil-

uent.]

Organic volatile impurities, Method IV h467i: meets the

requirements.

Assay—

Diluent: a mixture of acetonitrile and water (50:50).

Buffer solution—Transfer about 36.0 g of tetramethylam-

monium hydroxide pentahydrate to a 2000-mL volumetric

flask, and dissolve in about 1950 mL of water. While stir-

ring, adjust with phosphoric acid to a pH of 7.4, dilute with

water to volume, and mix.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution, acetonitrile, methanol, and tetrahydrofuran

(65:15:12.5:7.5). Make adjustments if necessary (see Sys-

tem Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USPMirtazapine RS inDiluent, and dilute quan-

titatively, and stepwise if necessary, with Diluent to obtain a

solution having a known concentration of about 0.3 mg per

mL.

Assay preparation—Transfer about 30 mg of Mirtazapine,

accurately weighed, to a 100-mL volumetric flask, dissolve

in and dilute with Diluent to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 290-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing

L1. The flow rate is about 1.5 mL per minute. The column

temperature is maintained at 408. Chromatograph the Stan-

dard preparation, and record the peak response as directed

for Procedure: the column efficiency is not less than 7000

theoretical plates; the tailing factor is not more than 2.0; and

the relative standard deviation for replicate injections is not

more than 1.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

quantity, in mg, of C17H19N3 in the portion of Mirtazapine

taken by the formula:

100C(rU / rS),

in which C is the concentration, in mg per mL, of USP Mir-

tazapine RS in the Standard preparation; and rU and rS are

the peak responses obtained from the Assay preparation and

the Standard preparation, respectively.
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h11i USP Reference Standards

Add the following:

USP Mirtazapine RS—Do not dry; determine the water

content titrimetrically at time of use. Keep container tightly

closed and protected from light.

Description and Solubility

Add the following:

Mirtazapine: White to creamy white, crystalline powder.

Freely soluble in methanol and toluene; soluble in ethyl

ether; sparingly soluble in n-hexane; practically insoluble

in water.

BRIEFING

Mirtazapine Tablets—See briefing under Mirtazapine.

(PA3: S. Salado; BPC: M. Marques) RTS—37986-2; 39160-1

Add the following:

Mirtazapine Tablets

» Mirtazapine Tablets contain not less than 90.0

percent and not more than 110.0 percent of the la-

beled amount of mirtazapine (C17H19N3).

Packaging and storage—Preserve in tight, light-resistant

containers, and store at controlled room temperature.

USP Reference standards h11i USP Mirtazapine RS.

Identification—

A: Infrared Absorption h197Ki.

Extraction mixture: a mixture of water and n-hexane

(1:1).

Test specimen—Transfer a quantity of finely powdered

Tablets, equivalent to about 30 mg of mirtazapine, to a suit-

able centrifuge tube. Add Extraction mixture to obtain a

solution of about 1 mg of mirtazapine per mL of n-hexane.

Shake for 5 minutes, and centrifuge. Decant, and evaporate

the supernatant.

Standard specimen—Dissolve an accurately weighed

quantity of USP Mirtazapine RS in Extraction mixture to

obtain a solution having a concentration of about 1 mg of

mirtazapine per mL of n-hexane. Shake for 5 minutes, and

centrifuge. Decant, and evaporate the supernatant.

B: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

Dissolution h711i—

Medium: 0.1 N hydrochloric acid; 900 mL.

Apparatus 2: 50 rpm.

Time: 15 minutes.

Procedure: Determine the amount of C17H19N3 dissolved

by employing UV absorption at the wavelength of maxi-

mum absorbance at about 315 nm of filtered portions of

the solution under test, suitably diluted with Dissolution

Medium, in comparison with a Standard solution having a

known concentration of USP Mirtazapine RS in the same

Medium.

Tolerances—Not less than 80% (Q) of the labeled amount

of C17H19N3 is dissolved in 15 minutes.

Uniformity of dosage units h905i: meet the requirements

for Content Uniformity.

Chromatographic purity—

Diluent, Buffer solution, and Mobile phase—Proceed as

directed in the Assay under Mirtazapine.

Standard stock solution—Prepare as directed for Standard

preparation in the Assay under Mirtazapine.
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Standard solution—Transfer 5.0 mL of Standard stock

solution to a 100-mL volumetric flask, dilute with Diluent

to volume, and mix.

Test solution—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the pow-

der, equivalent to the weight of 1 Tablet, to a suitable conical

flask. Add Diluent to obtain a solution having a concentra-

tion of about 1.5 mg of mirtazapine per mL of Diluent.

Shake vigorously for 10 minutes, centrifuge an aliquot,

and use the clear supernatant.

Chromatographic system (see Chromatography h621i—

The liquid chromatograph is equipped with a 240-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing

L1. The flow rate is about 1.5 mL per minute. The column

temperature is maintained at 408. Chromatograph the Stan-

dard solution, and record the peak response as directed for

Procedure: the column efficiency is not less than 7000 the-

oretical plates; the tailing factor is not more than 2.0; and the

relative standard deviation for replicate injections is not

more than 10.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for the major peaks. Calculate the percentage of

each impurity in the portion of Mirtazapine taken by the for-

mula:

5(FV)(C/W)(W20 / L)(ri / rs),

in which F is the relative response factor for the mirtazapine

impurities and is equal to 0.24 for any impurity at a relative

retention time of about 1.3, and 1.0 for any other impurity; V

is the total volume, in mL, of the Test solution; C is the con-

centration, in mg per mL, of USP Mirtazapine RS in the

Standard solution; W is the weight, in mg, of the powdered

Tablets taken to prepare the Test solution; W20 is the weight

of the 20 Tablets taken; L is the labeled amount, in mg, of

mirtazapine in each Tablet; ri is the peak response of any

impurity obtained from the Test solution; and rS is the mir-

tazapine peak response obtained from the Standard solu-

tion: not more than 0.2% of any individual impurity is

found, and not more than 2.0% of total impurities is found.

[NOTE—Disregard any peak representing less than 0.05% of

the main peak and any peak that is due to the Diluent.]

Assay—

Diluent, Buffer solution, Mobile phase and Standard

preparation—Prepare as directed in the Assay under Mirta-

zapine.

Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer an accurately weighed portion of

the powder, equivalent to the weight of 1 Tablet, to a suit-

able conical flask. Add Diluent to obtain a solution having a

concentration of about 0.3 mg of mirtazapine per mL of Dil-

uent. Shake vigorously for 10 minutes, centrifuge an ali-

quot, and use the clear supernatant.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 290-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing

L1. The flow rate is about 1.5 mL per minute. The column

temperature is maintained at 408. Chromatograph the Stan-

dard preparation, and record the peak response as directed

for Procedure: the column efficiency is not less than 7000

theoretical plates; the tailing factor is not more than 2.0; and

the relative standard deviation for replicate injections is not

more than 1.5%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

quantity, in mg, of mirtazapine (C17H19N3) in the portion

of Tablets taken by the formula:

VC(rU / rS),

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
532 PHARMACOPEIAL PREVIEWS Vol. 29(2) [Mar.–Apr. 2003]



in which V is the volume, in mL, of the Assay preparation;

C is the concentration, in mg per mL, of USP Mirtazapine

RS in the Standard preparation; and rU and rS are the peak

responses obtained from the Assay preparation and the

Standard preparation, respectively.

BRIEFING

Topiramate. Because there is no existing USP monograph, a
new monograph is being previewed. The validation of the Related
compounds and Assay tests was performed using a GL Sciences,
Inertsil ODS 3 brand of L1 column. The typical retention time
for topiramate in the Assay is about 6.7 minutes. The typical reten-
tion times are about 7.4 minutes and 8.4 minutes for topiramate
related compound A and for topiramate, respectively, in the Re-
lated compounds test. The validation of the Residual solvent test
was performed using a J & W Scientific, DB 624 brand of G43
column. The typical retention times, in minutes, are about 9.3,
9.6, 10.4, 10.7, 12.3, 15, and 21 for acetone, isopropyl alcohol,
acetonitrile, methylene chloride, n-hexane, ethyl acetate, and pyr-
idine, respectively.

(PA3: S. Salado) RTS—39329-1

Add the following:

Topiramate

C12H21NO8S 339.36

b-D-Fructopyranose, 2,3:4,5-bis-O-(1-methyethylidene)-,

sulfamate.

2,3:4,5-Di-O-isopropylidene-b-D-fructopyranose sulfa-

mate [97240-79-4].

» Topiramate contains not less than 98.0 percent

and not more than 102.0 percent of C12H21NO8S,

calculated on an anhydrous basis.

Packaging and storage—Preserve in tight, light-resistant

containers, and store at controlled room temperature.

USP Reference standards h11i—USP Topiramate RS.

USP Topiramate Related Compound A RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

Specific rotation h781Si: between –298 and –358 measured

at 208.

Test solution: 4 mg per mL, in methanol.

Water, Method I h921i: not more than 0.5%.

Residue on ignition h281i: not more than 0.2%.

Related compounds—

Mobile phase—Proceed as directed in the Assay.

NOTE—Prepare all solutions fresh before use.

System suitability solution—Transfer about 3 mg of USP

Topiramate Related Compound A RS, accurately weighed,

to a 10-mL volumetric flask. Dissolve in and dilute with Test

solution to volume, and mix.

Test solution—Transfer about 1 g of Topiramate, ac-

curately weighed, to a 25-mL volumetric flask, and dissolve

in Mobile phase with the aid of sonication. Cool to room

temperature, dilute with Mobile phase to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a refractive in-

dex detector and a 4.6-mm 6 25-cm column that contains

packing L1. The column and the detector temperatures are

maintained at 558. The flow rate is about 0.6 mL per minute.
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Chromatograph the System suitability solution, and record

the peak responses as directed for Procedure: the relative

retention times are about 0.9 for topiramate related com-

pound A, and 1.0 for topiramate; the resolution, R, between

topiramate related compound A and topiramate is not less

than 1.0; and the relative standard deviation for replicate in-

jections is not more than 2.0%.

Procedure—Inject a volume (about 50 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure all of the peak responses. Record the chroma-

togram for a period of time equivalent to not less than five

times the retention time of the topiramate peak. Calculate

the percentage of fructose in the portion of Topiramate taken

by the formula:

100(1/F)(rU / rs),

in which F is the relative response factor and is equal to 1.2;

rU is the area of any peak at a relative retention time of about

0.45; and rs is the sum of the responses of all the peaks. Cal-

culate the percentage of each impurity in the portion of To-

piramate taken by the formula:

100(ri / rs),

in which ri is the peak response for each impurity; and rs is

the sum of the responses of all the peaks: not more than

0.3% of fructose is found; not more than 0.3% of topiramate

related compound A is found; not more than 0.1% of any

other individual impurity is found; and not more than

0.5% of total impurities is found. [NOTE—Discard any peak

due to solvents.]

Residual solvents—

Standard stock solution—Dilute accurately measured vol-

umes of acetone, isopropyl alcohol, acetonitrile, methylene

chloride, n-hexane, ethyl acetate, and pyridine in dimethyl-

formamide to obtain a solution having known concentra-

tions, in mL per mL, of about 3.0, 3.2, 0.24, 0.20, 0.22,

2.8, and 0.01, respectively.

Standard solution—Transfer 10.0 mL of Standard stock

solution to a 100-mL volumetric flask. Dilute with di-

methylformamide to volume, and mix. Transfer 5 mL to a

20-mL headspace vial, and crimp immediately.

Blank solution—Use dimethylformamide.

Test solution—Transfer about 0.25 g of Topiramate to a

20-mL headspace vial. Add 5.0 mL of dimethylformamide,

and crimp immediately.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a headspace injec-

tor, a flame-ionization detector, and a 0.53-mm6 75-m ca-

pillary column, the internal wall of which is coated with a

0.3-mm film of liquid phase G43. The column temperature is

programmed according to Table 1. The injector port tem-

perature is maintained at 1508; the headspace sampler tem-

perature is maintained at 808; and the detector temperature is

maintained at 2508. Nitrogen is used as the carrier gas at a

flow rate of about 5 mL per minute and a split flow rate of

about 15 mL per minute.

Table 1. Column Temperature Program

Time

(minutes)

Initial

Temperature

(8)

Final

Temperature

(8)

Increase Rate

Temperature

(8 per minute)

0–12 50 50 Isothermal

12–22 50 150 10

22–27 150 150 Isothermal

27–28.3 150 230 60

28.3–33.3 230 230 Isothermal

Chromatograph the Standard solution, and record the peak

responses as directed for Procedure: the retention time for
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pyridine is about 21 minutes; the relative retention times are

about 0.4 for acetone, about 0.46 for isopropyl alcohol,

about 0.49 for acetonitrile, about 0.51 for methylene chlo-

ride, about 0.58 for n-hexane, about 0.71 for ethyl acetate,

and 1.0 for pyridine; the resolution, R, between adjacent

peaks is not less than 1.0; and the relative standard deviation

for consecutive injections of the Standard solution for all

analytes is not less than 15.0%. Chromatograph the Blank

solution, and record the peak responses as directed for

Procedure: there are no interfering peaks due to dimethyl-

formamide.

Procedure—Inject a volume (about 1 mL of the head-

space, using a heated gas-tight syringe) of the Standard

solution and the Test solution into the chromatograph, re-

cord the chromatogram, and measure the area for the major

peaks. Calculate the percentage of each solvent per g of To-

piramate taken by the formula:

500(CDU /W)(rU / rS),

in which C is the concentration (mL per mL) of each solvent

in the Standard solution; DU is the density (mg per mL) of

each solvent;W is the weight, in mg, of Topiramate taken to

prepare the Test solution; and rU and rS are the peak areas of

the corresponding analyte obtained from the Test solution

and the Standard solution, respectively. Not more than

0.50%, 0.50%, 0.04%, 0.05%, 0.029%, 0.05%, and

0.02%, (w/w) of acetone, isopropyl alcohol, acetonitrile,

methylene chloride, n-hexane, ethyl acetate, and pyridine,

respectively, is found.

Assay—

Mobile phase—Prepare a filtered and degassed mixture

of acetonitrile and water (1:1). Make adjustments if neces-

sary (see System Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Topiramate RS in Mobile phase, and dilute

quantitatively, and stepwise if necessary, withMobile phase

to obtain a solution having a known concentration of about

2.0 mg per mL.

Assay preparation—Transfer about 50 mg of Topiramate,

accurately weighed, to a 25-mL volumetric flask, and dis-

solve in and dilute with Mobile phase to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a refractive in-

dex detector and a 4.6-mm 6 25-cm column that contains

5-mm packing L1. The flow rate is about 0.6 mL per minute.

The detector and column temperatures are maintained at

508. Chromatograph the Standard preparation, and record

the peak responses as directed for Procedure: the column

efficiency is not less than 1500 theoretical plates; the tailing

factor is not more than 2.0; and the relative standard devia-

tion for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

quantity, in mg, of C12H21NO8S in the portion of Topiramate

taken by the formula:

25C(rU / rS),

in which C is the concentration, in mg per mL, of USP To-

piramate RS in the Standard preparation; and rU and rS are

the peak responses obtained from the Assay preparation and

the Standard preparation, respectively.

h11i USP Reference Standards

Add the following:

USP Topiramate RS—Do not dry; determine the water

content titrimetrically at the time of use. Keep container

tightly closed. Protect from light.

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
Vol. 29(2) [Mar.–Apr. 2003] PHARMACOPEIAL PREVIEWS 535



Add the following:

USP Topiramate Related Compound A RS [2,3:4,5-Bis-

O-(1-methylethylidine)-b-D-fructopyranose] (C12H20O6

260.28)—Preserve in tight, light-resistant containers be-

tween 28 and 88.

Description and Solubility

Add the following:

Topiramate: White to off-white powder. Freely soluble in

dichloromethane.
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Medication Storage Temperatures on U.S. Ambulances:
A Prospective Multicenter Observational Study

Lawrence H. Brown,*a Leonard C. Bailey,b,c Thomas Medwick,b,c Claudia C. Okeke,c Kurt Krumperman,d Calvin D. Tran,e for the American
Ambulance Association Professional Standards and Research Committee and the USP Packaging, Storage, and Distribution Expert

Committee

ABSTRACT Purpose: This multicenter study was designed to determine whether current Emergency Medical Services
(EMS) medication storage practices meet USP controlled room temperature standards and, if not, whether a simple inex-
pensive intervention adequately addresses the problem. This study represents the first broad-based collaborative effort of
USP, multiple EMS agencies, and EMS researchers to evaluate this issue.

Methods: Forty-five TempTale13 temperature monitors were placed on 15 EMS vehicles in 5 geographically and me-
teorologically diverse U.S. cities. On each ambulance, a monitor was placed in the vehicle’s medication storage compart-
ment, in the medication bag, and in a simple insulated cooler. Temperatures were recorded every 32 minutes for 363 days.
Analysis included calculation of the mean kinetic temperature (MKT), the occurrence of temperature readings below 15 8C
and above 40 8C, and the duration of temperature spikes between 30 8C and 40 8C.

Results: The MKT exceeded 25 8C on 4 vehicles, in 6 medication bags, and in 4 coolers. The duration of temperature
spikes between 30 8C and 40 8C exceeded 24 hours on 6 vehicles, in 9 medication bags, and in 6 coolers. Temperatures
exceeded 40 8C on 6 vehicles, in 5 medication bags, and in 5 coolers. No vehicle, medication bag, or cooler at any site
experienced temperatures that were totally consistent with the USP recommendations: 10 (66%) of the ambulances and 4
(80%) of the sites experienced excessive heat, and every TempTale13 sensor recorded temperatures below 15 8C.
Conclusion: EMS medications are not stored in environments consistent with the USP definition of ‘‘controlled room

temperature,’’ and employing a simple insulating cooler does not adequately attenuate the temperature extremes.

INTRODUCTION

Although precise numbers are not available, each year be-
tween 25 and 30 million Americans are treated and trans-
ported by emergency medical services (EMS) systems (1).
As many as 800,000 of those individuals receive out-of-hos-
pital administration of medications (2). Most medications
available in out-of-hospital emergency care are intended
for storage at ‘‘controlled room temperature.’’ USP–NF de-
fines ‘‘controlled room temperature’’ as:

A temperature maintained thermostatically that
encompasses the usual and customary working en-
vironment of 208 to 258 (688 to 77 8F); that results
in a mean kinetic temperature calculated to be not
more than 258; and that allows for excursions be-
tween 158 and 308 (598 and 86 8F) that are experi-
enced in pharmacies, hospitals, and warehouses.
Provided the mean kinetic temperature remains in
the allowed range, transient spikes up to 408 are

permitted as long as they do not exceed 24 hours.
Spikes above 408may be permitted if the manufac-
turer so instructs. Articles may be labeled for stor-
age at ‘‘controlled room temperature’’ or at ‘‘up to
258,’’ or other wording based on the same mean
kinetic temperature. The mean kinetic temperature
is a calculated value that may be used as an isother-
mal storage temperature that simulates the non-
isothermal effects of storage temperature varia-
tions. (See also Stability under Pharmaceutical
Dosage Forms h1151i.) (3)

Several studies have examined temperature fluctuations
in the EMS environment and have attempted to determine
the effects of those fluctuations on medication potency. In
1985, Palmer et al. (4) reported that the temperature inside
the medication storage cabinet on an EMS vehicle in Salt
Lake City, UT, frequently exceeded 41 8C for long time per-
iods. In 1989, Valenzuela et al. (5) reported that the tempera-
ture inside a storage shed intended to simulate an EMS
vehicle in Tucson, AZ, during July and August, ranged from
248 to 43 8C. A typical EMS medication-box provided only
minimal temperature attenuation, with recorded internal
temperatures of 268 to 38 8C. In 1999, Allegra et al. (6) re-
ported temperatures in a variety of EMS medication storage
environments during 12 weeks of summer and four weeks
of winter in northern New Jersey. They recorded tempera-
tures as low as –14 8C and as high as 58.3 8C in the medica-
tion storage box of an ambulance left in an outside parking

* Address correspondence to: Lawrence H. Brown, Department of Emer-
gency Medicine, SUNY Upstate Medical University, 750 E. Adams St.,
S y r a c u s e , NY 1 3 2 1 0 . P h o n e : 3 1 5 . 4 6 4 . 4 3 6 3 . E - m a i l :
hBROWNL@upstate.edui.
a Department of Emergency Medicine, SUNY Upstate Medical University,
Syracuse, NY.
b Rutgers University, Piscataway, NJ.
c US Pharmacopeia, Rockville, MD.
d Rural/Metro Corporation, Scottsdale, AZ.
e Sensitech Inc., Beverly, MA.
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lot. Temperatures above 40 8C were recorded in 4 of 7 tested
environments, and temperatures below 15 8C were recorded
in all of the tested environments. The MKT ranged from 21
8C to 29 8C during the summer weeks, and from 11 8C to 21
8C during the winter weeks. In a 2000 study of fire depart-
ment response vehicles in the desert community of El Cen-
tro, CA, DuBois (7) reported that housing the response
vehicle inside a station-house provided some attenuation
of temperature, but active cooling of the medication storage
compartment was still required to maintain temperatures be-
low 30 8C.

Two studies, both from the eastern seaboard of the United
States, have evaluated medication storage temperatures in
the air-medical environment. Madden et al. (8) found that,
during summer, 56% of daytime and 27% of nighttime tem-
perature measurements exceeded 30 8C. During winter, 47%
of daytime and 61% of nighttime temperature measurements
were below 15 8C. Szucs et al. (9) reported that 37% of their
summertime temperature measurements exceeded 30 8C.
During winter, 83% of the temperature measurements were
below 15 8C. The MKT was 25.1 8C during summer and
12.7 8C during winter, but the authors do not report the over-
all MKT.

The degree to which exposure to temperatures outside of
the USP recommended ranges results in EMS medication
degradation is a separate issue with mixed evidence. In their
study, Valenzuela et al. (5) analyzed 23 medications kept in
the medication boxes within the storage shed. Only two—
epinephrine and isoproterenol—were found to have under-
gone any degradation. In 1993, Johansen et al. (10) exposed
atropine, 2% lidocaine, epinephrine, and naloxone to tem-
peratures of –20 8C and 708C. When compared to a control
sample, none of these medications exhibited significant
changes in their assay values. In 1994, Church et al. (11)
demonstrated that degradation of epinephrine differed for
medication exposed to cyclical heat variations versus con-
stant heat. Cyclical heating, as would be the case in a vehicle
exposed to the elements, appeared to provide some attenua-
tion of the degradation. In the same year, Grant et al. (12)
exposed both 1:1000 and 1:10,000 concentrations of
epinephrine injection to diurnal cycles of either heat (70
8C) or cold (5 8C). The 1:10,000 epinephrine solution un-
derwent significant degradation—both in terms of assay val-
ue and biological activity—after eight weeks of heat
exposure. After twelve weeks, 64% of the 1:10,000
epinephrine solution had degraded. Interestingly, the
1:1000 epinephrine solution appeared to remain stable. Ex-
posure to cold did not affect either concentration of the med-
ication. In 1999, Gottenwald et al. (13) exposed diazepam
and lorazepam to three different temperature schemes: 48–
10 8C, 158–30 8C, and 37 8C. After 210 days, diazepam
stored at 158–30 8C had lost 15% of its potency and diaze-
pam stored at 37 8C had a 25% reduction in potency. Lora-
zepam had a 10% and 75% reduction in potency,
respectively.

The only study to date to evaluate degradation of medica-
tions actually stored on EMS vehicles was reported by
Cairns et al. in 1999 (14). They examined chemical stability

and biological activity of epinephrine stored on EMS vehi-
cles in Colorado. The medications were exposed to tempera-
tures ranging from –7.6 8C to 40.2 8C, with an MKT (based
on six months of data) of 23.68C in urban ambulances and
20.88C in rural ambulances. The authors found significant
degradation in medication potency after six months despite
MKTs less than 25 8C, but they did not report the duration of
temperature spikes between 30 8C and 40 8C.

Despite the preponderance of the evidence, these earlier
studies have failed to effect widespread changes in EMS
medication storage practices. Previous laboratory studies
have explored temperatures far outside those likely to occur
in the EMS environment (10–13). Previous studies con-
ducted in ambulances have been done only in individual lo-
cations (4, 6–9, 14). Few of the studies report MKT, and
those that do, have not calculated MKT using a full year
of temperature measurements (6, 9, 14). None of the studies
have reported the duration of exposure to temperature spikes
between 30 8C and 40 8C.

The present study represents the first collaborative effort
of USP, the EMS industry, and emergency medicine re-
searchers to evaluate this issue and was undertaken to deter-
mine whether current EMS medication storage practices
meet USP temperature standards and—if not—whether
use of a simple, inexpensive insulated storage container ade-
quately addresses the problem.

METHODS

DESIGN

This was a prospective multisite observational study
using established USP procedures for determining medica-
tion storage temperatures. The study methodology was de-
veloped in cooperation with, and was reviewed and
approved by, the USP Expert Committee on Packaging,
Storage, and Distribution. This methodology is similar to
that used in previous studies of medication temperature ex-
posure in storage, shipping, and mail-order settings (15–18).

SETTING

The study was conducted in five U.S. cities with diverse
climates: Syracuse, NY; Orlando, FL; Mesa, AZ; Topeka,
KS; and Portland, OR. Three vehicles from each site were
identified and instrumented for data collection. The cities
and their EMS systems are described in Table 1.

MATERIALS AND EQUIPMENT

TempTale13 temperature monitoring devices (Sensitech
Inc., Beverly, MA) were used to record temperature data.
The devices can be preprogrammed to record data as fre-
quently as every 32 minutes for up to 363 days. They have
a battery life of one year, enabling continuous data collec-
tion without the need for manipulation, maintenance, or in-
termittent data downloading. The utility, accuracy, and
durability of such devices have been demonstrated in pre-
vious USP studies (15–17). The TempTale13 sensors, as
well as the analysis and summarization of the data recorded
by the sensors, were provided gratis by Sensitech Inc.
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The insulating storage container was an inexpensive (ap-
proximately $6) Igloo Softmate 61 cooler (Brunswick
Corp., Lake Forest, IL). These coolers are of a size and con-
struction that would be appropriate for use as a medication
bag. Only the inherent insulating ability of the coolers was
measured; no ice, cold packs, or heat packs were added.

INTERVENTIONS

A ‘‘team’’ of three temperature-monitoring devices was
placed in each vehicle: one in the medication storage com-
partment, one in the medication bag, and one in a simple
insulated container. Each device was located and secured
in such a way as to be unobtrusive and to minimize any ac-
cidental contact or manipulation. The location of the sensing
devices was standardized, to the extent possible given vary-
ing ambulance compartment configurations, at each site. A
sensor-tracking and check-off scheme was developed and
instituted at each site to minimize and immediately identify
any inadvertent removal, misplacement, or separation of the
‘‘teams’’ of sensors. Presence of the sensors was verified
weekly, and operational function of the sensors was con-
firmed every 8 weeks.

MEASUREMENTS AND ANALYSIS

Temperature readings, in degrees Celsius, were recorded
every 32 minutes for 363 days. Upon the conclusion of data
collection, all of the TempTale13 devices were returned to
Sensitech for data downloading and summarization. The
MKT for the temperatures recorded by each device was cal-
culated using the standard formula (see USP General Chap-
ter h1151i Pharmaceutical Dosage Forms):

in which Tk is the MKT; �H is the heat of activation, 83.144
kJ � mole–1; R is the universal gas constant, 8.3144 � 10–3

kJ � mole–1 � degree–1; T1 is the average storage temperature
during the first time period; T2 is the average storage tem-
perature during the second time period; Tn is the average
storage temperature during the nth time period; n is the total
number of average storage temperatures recorded during the
observation period; and T is the absolute temperature in Kel-
vin (K) (20 ,21) .

For each sensor, the analysis included determination of
the MKT and whether the MKT exceeded the recommended
threshold of 25 8C. The frequency of recorded temperatures
below 15 8C and in excess of 40 8C was also determined, as
was the duration of temperature spikes between 30 8C and
40 8C.

POWER

The total number of anticipated data points for the entire
study was estimated to exceed 735,000. Such large numbers
of data points enable calculations of means and proportions
with extremely narrow confidence intervals. Indeed, the sta-
tistical power of this study was such that even very small
differences would likely prove statistically significant.
Thus, the emphasis is on any clinical significance—based
on current USP recommendations—of the recorded tem-
peratures.

IRB APPROVAL

The study was approved by the SUNY Upstate Medical
University Institutional Review Board (IRB) for the Protec-
tion of Human Subjects as an exempt study.

RESULTS

One medication bag sensor at the Portland site was not
activated when it was placed on the ambulance. This was
recognized at the first 8-week check of sensor operation,
and the unit was activated at that time. One vehicle sensor
at the Syracuse site was lost approximately 6 months into
the study. The sensor was replaced at that time, providing
data for the last 6 months of the study. One sensor at the
Mesa site, two sensors at the Topeka site, and an additional
sensor at the Portland site were noticed to be missing during
routine check-offs, but they were subsequently located and
returned to service. Thus, 722,738 temperature measure-
ments were actually obtained. After excluding temperature
data for the unaccounted time periods, 718,193 (99.4%)
temperature measurements are included in the analysis.

The MKTexceeded 25 8C at two sites. Every sensor at the
Mesa site experienced MKTs in excess of 25 8C, as did
every medication bag sensor, one vehicle sensor, and one
cooler sensor at the Orlando site. The MKT exceeded 24
8C for all of the other Orlando sensors, approaching—but
not quite exceeding—the MKT threshold. The MKT data
for all sensors at all sites are shown in Table 2.

The temperature exceeded 40 8C at three sites. Every sen-
sor at the Mesa site, every vehicle sensor and one cooler
sensor at the Orlando site, and two medication bag sensors
and one cooler sensor at the Topeka site recorded tempera-
tures above 40 8C. The maximum recorded temperatures for
all sensors at all sites are shown in Table 3.

Temperature spikes between 30 8C and 40 8C for greater
than 24 hours occurred at 4 of the 5 sites. Every sensor at the
Mesa site, one vehicle sensor and two medication bag sen-
sors at the Orlando site, all except one vehicle sensor at the
Topeka site, and one medication bag sensor at the Syracuse
site recorded such episodes. Temperature spikes between 30
8C and 40 8C that exceeded 24 hours are shown in Table 4.

Summary data describing the study sites and sensor loca-
tions for which heat is a concern are shown in Table 5.
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Exposure to excessive cold was experienced at every site.
Every sensor at every site recorded temperatures below
158C, and three sensors recorded MKTs below 20 8C. The
low temperatures recorded by each sensor are shown in Ta-
ble 6.

DISCUSSION

Several previous studies have examined temperature fluc-
tuations in the EMS environment and have attempted to de-
termine the effects of those fluctuations on medication
potency (4–14). These studies, however, have not specifi-
cally explored whether EMS medication storage practices
meet the USP standards. The relevant bench studies have
explored temperature extremes far outside those likely to
occur in the EMS environment (10–13). Field studies have
been limited to single locations, (4, 6–9, 14) and those stu-
dies have not calculated MKT using a full year of tempera-
ture measurements (6, 9, 14). None of these previous studies
have reported the duration of exposure to temperature spikes
between 30 8C and 40 8C.

This study demonstrates that current EMS medication
storage practices are not consistent with existing USP stan-
dards, and use of a simple insulated storage container does
not effectively mitigate the problem. Heat exposure is a real
concern in the southeastern, southwestern, and central Uni-
ted States. The three sites representing these areas, Mesa,
Orlando, and Topeka, clearly experienced excessive heat
as measured by MKT, temperatures above 40 8C, and the
duration of temperature spikes between 30 8C and 40 8C.
Heat may also be a concern in northern climates. Although
excessive heat was not recorded by any Portland sensor, one
medication bag sensor at the Syracuse site did record a tem-
perature spike between 30 8C and 40 8C that exceeded 24
hours. This spike began on the day the sensor was activated
and lasted for 35 hours, and the maximum temperature at-
tained during that spike was 31.6 8C. No subsequent spikes
were recorded by this sensor nor by any other Syracuse sen-
sor. This spike might be an anomaly related to the study’s
implementation process. It might also be an indication that,
even in environments where heat is generally not a problem,
EMS medications may still occasionally be exposed to ex-
cessive temperatures. Indeed, although only one Syracuse
sensor recorded a temperature spike exceeding 24 hours,
all of the sensors in Portland and Syracuse recorded tem-
peratures above 30 8C.

Although most studies regarding medication storage fo-
cus on concerns about exposure to heat, all of the sensors
at every site in this study recorded temperatures well below
the 15 8C threshold established by USP. Two Portland sen-
sors and one Syracuse sensor recorded MKTs below 20 8C.
Five of the sensors at the Syracuse site recorded tempera-
tures below freezing. Experts are still debating the serious-
ness of exposing medicines to cold: USP standards allow
medications labeled for storage at controlled room tempera-
ture also to be stored in ‘‘a cool place,’’ which USP defines
as 8 8C to 15 8C (3). However, accepting temperatures as

low as 8 8C would still result in excessive cold exposure
at every site studied, on 11 of 15 ambulances, in 5 of 15
medication bags, and in 14 of 15 insulated coolers.

A post-hoc exploration of any temporal or seasonal asso-
ciations with exposure to heat or cold is being planned and
will be reported separately. Such an analysis may reveal pat-
terns in the recorded temperature extremes that could be
useful in generating strategies—for example, stock rota-
tion—for addressing this issue. Site-specific analyses will
be necessary because the temporal or seasonal nature of
temperature extremes may vary with climate and geography.
Further, any mitigating strategies suggested by these analy-
ses will have to be viewed as hypotheses until their effec-
tiveness is prospectively studied and validated.

This study does have limitations. It was conducted in a
limited number of locations and on a limited number of
EMS vehicles. The chosen locations, however, provided
geographical and meteorological diversity, and are represen-
tative of most environments in the United States. In addition
to geographic and climatic considerations, these five cities
were chosen in part because EMS services are provided
by one of two nationwide ambulance corporations—Rur-
al/Metro and American Medical Response—that have an es-
tablished relationship with the study investigators, which
facilitated ease of access to EMS vehicles, enabled more
consistent implementation of the study protocol, and al-
lowed for efficient communication between investigators
and agencies involved in the study. A sixth site in a moun-
tainous area was originally recruited for participation in the
study, but personnel at that site were unable to comply with
the study’s sensor-tracking, monitoring, and data reporting
requirements. The site was subsequently dropped from the
study, and none of that site’s data are included in the
analysis.

The number of vehicles at each site was sufficient to de-
velop a generalized understanding of the temperatures ex-
perienced at each site. The study results conceivably could
be affected by lost data from the unactivated and lost sensors
and the need to exclude data from some sensors because
there were time periods in which they could not be ac-
counted for, but these are practical limitations associated
with collecting large amounts of data in the uncontrolled
EMS environment. A post-hoc analysis of the data including
the unaccounted-for time periods, which account for less
than 1% of the total data, did not produce any meaningful
differences in the results.

Another limitation of the study is that it evaluated only
one type of simple insulating container. Other brands of sim-
ple insulating coolers, or coolers with more substantial insu-
lating characteristics, may provide better passive
temperature attenuation. However, before any such de-
vices—including active heating and/or cooling devices—
are adopted (or mandated) for use in EMS medication stor-
age, they should first be evaluated in the field environment
to determine their effectiveness (1). Indeed, the State of
New Jersey now requires climate-controlled storage and
temperature monitoring of EMS medications, and approxi-
mately 63% of the ambulances in that state are equipped
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with some kind of active heating and/or cooling devices,
(22) but there are no published reports of the effectiveness
of these devices at maintaining EMS medication storage
temperatures consistent with USP standards.

A final limitation of this study is that it did not attempt to
determine the effect of temperature variations on the
strength and potency of specific medications. That issue
has, however, been addressed by previous studies (5, 10–
14). Further, whether or not noncompliance with current
USP standards results in medication adulteration, these stan-
dards are nonetheless the current guidelines for medication
storage in the United States. As such, they are as applicable
to the EMS environment as they are to hospitals, pharma-
cies, storage facilities, shipping companies, and mail-order
operations.

The evidence is now clear: EMS medications are not
stored in environments consistent with the USP definition
of ‘‘controlled room temperature,’’ and employing a simple
insulating storage container does not adequately attenuate
the temperature extremes. The EMS industry should under-
take efforts to address this problem, both to comply with
USP standards and—more importantly—to ensure that
EMS patients are receiving optimal care.
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Table 1. Characteristics of the Five Participating EMS Systems

Syracuse Orlando Mesa Topeka Portland

Location Northeast US Southeast US Southwest US Central US Northwest US
Av Temp 8.7 8C 22.3 8C 21.2 8C 12.2 8C 12.2 8C
Av Low –9.8 8C 9.2 8C 4.2 8C –8.7 8C 0.9 8C
Av High 27.6 8C 33.0 8C 40.5 8C 31.8 8C 26.8 8C
Ambulances Type VII Type VII Type VII Type II / III Type II
In Use 14–24 hours/day 12 hours/day 24 hours/day 5–20 hours/day 10–12 hours/day
Staging Street-corner Street-corner Station Street-corner/

Station
Substation

Housing Garage
(Heat/No AC)

Outside Outside Garage
(Temp Controlled)

Garage
(Min Heat/No AC)

Table 2. Mean Kinetic Temperatures Recorded by All
Sensors

Site -
‘‘Team’’ Vehicle

Medication
Bag Cooler

Mesa - 1 28.23* 29.07* 27.78*

Mesa - 2 29.70* 28.66* 27.08*

Mesa - 3 29.78* 29.93* 28.26*

Syracuse - 1 19.12{ 20.80 20.84
Syracuse - 2 20.59 21.37 20.87
Syracuse - 3 20.30 20.33 20.40
Topeka - 1 22.79 22.87 23.63
Topeka - 2 22.66 23.71 23.62
Topeka - 3 23.31 23.03 23.52
Orlando - 1 24.68 26.04* 24.90
Orlando - 2 26.21* 26.92* 26.28*

Orlando - 3 24.43 26.67* 24.75
Portland - 1 21.53 21.14 20.60
Portland - 2 21.46 21.31 20.60
Portland - 3 20.35 18.63{ 19.47{

* Represents excessive heat based on the USP definition of controlled room
temperature.
{
Represents excessive cold based on the USP definition of controlled room

temperature.

Table 3. Maximum Temperatures Recorded by All
Sensors

Site -
‘‘Team’’ Vehicle

Medication
Bag Cooler

Mesa - 1 50.8* 45.7* 52.9*

Mesa - 2 46.5* 44.6 * 51.3*

Mesa - 3 50.1* 44.5* 53.4*

Syracuse - 1 32.3 32.3 36.6
Syracuse - 2 37.1 37.7 38.3
Syracuse - 3 38.3 33.8 37.1
Topeka - 1 39.7 42.8* 41.4*

Topeka - 2 33.8 53.1* 35.6*

Topeka - 3 39.8 37.3 39.1
Orlando - 1 41.9* 35.6 37.2
Orlando - 2 43.7* 38.2 41.1*

Orlando - 3 41.7* 36.8 38.7
Portland - 1 32.7 33.7 36.4
Portland - 2 33.4 32.8 34.8
Portland - 3 35.6 32.3 35.3

* Represents excessive heat based on the USP definition of controlled room
temperature.
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Table 4. Number of Temperature Spikes between 308 and 40 8C Exceeding 24 Hours

Site - ‘‘Team’’ Vehicle Medication Bag Cooler

Mesa - 1 6* 30* 1*

Mesa - 2 26* 23* 2*

Mesa - 3 6* 23* 6*

Syracuse - 1 0 0 0
Syracuse - 2 0 1* 0
Syracuse - 3 0 0 0
Topeka - 1 0 2 * 5*

Topeka - 2 2* 2 * 10*

Topeka - 3 5* 1* 2*

Orlando - 1 0 0 0
Orlando - 2 3* 8* 0
Orlando - 3 0 3* 0
Portland - 1 0 0 0
Portland - 2 0 0 0
Portland - 3 0 0 0

* Represents excessive heat based on the USP definition of controlled room temperature.

Table 5. Number of Sensors by Site and Sensor
Location Experiencing Excessive Heat

Site Vehicle
Medica-
tion Bag Cooler Overall

Mesa 3/3 3/3 3/3 9/9
Syracuse 0/3 1/3 0/3 1/9
Topeka 2/3 3/3 3/3 8/9
Orlando 3/3 3/3 1/3 7/9
Portland 0/3 0/3 0/3 0/9
Total 8/15 10/15 7/15 25/45

Table 6. Minimum Temperatures Recorded by All
Sensors*

Site - ‘‘Team’’ Vehicle
Medication

Bag Cooler

Mesa - 1 6.4 9.8 6.4
Mesa- 2 6.0 10.1 6.5
Mesa - 3 2.2 8.7 5.5
Syracuse - 1 1.5 2.4 2.4
Syracuse - 2 -2.1 -1.7 -2.1
Syracuse - 3 6.6 -6.7 -2.9
Topeka - 1 9.5 10.1 7.1
Topeka - 2 10.6 11.2 8.7
Topeka - 3 11.7 12.0 4.8
Orlando - 1 3.4 11.8 6.1
Orlando - 2 4.9 8.2 5.8
Orlando - 3 5.5 13.2 5.2
Portland - 1 7.4 7.2 3.7
Portland - 2 9.6 8.7 3.8
Portland - 3 8.4 7.3 4.2

* All readings represent excessive cold based on the USP definition of con-
trolled room temperature.
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PHARMACOPEIAL PREVIEWS

This section contains potential revisions not yet targeted for official adoption. These may include drafts for new monographs

or chapters; drafts for standards that would require new or unusual technology; drafts for which more data are required; or

changes that would affect numerous monographs, thus having a broad impact on individual products. Readers should review

the drafts in this section and provide comments to the appropriate staff liaison whose name is cited in the Briefing (use the

Staff Directory to find the contact information).

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

BRIEFING

Name of Item, citations of the most recent USP publications in which this item appeared. Rationale for the

revision. Other relevant information. (For example, if a chromatographic method is being used, column spe-

cifications and retention times for compounds of interest.) Finally, the Committee designation (seeHow To Use

PF), the name of the scientific staff liaison who handled this item, and USP tracking correspondence number,

as shown in the example below:

(PA5: K. Russo) RTS—55678-1

Symbols No symbols are used in this section, as Previews are not yet targeted for official adoption.
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MONOGRAPHS (USP)

BRIEFING

Mirtazapine; Mirtazapine Tablets. Because there are no ex-
isting USP monographs for this drug substance and dosage form,
new monographs are being previewed. The liquid chromatographic
procedures in the test for Chromatographic purity and in the Assay
are based on analyses performed with the Hypersil-ODS brand of
L1 column. The retention time of mirtazapine is about 17 minutes.

(PA3: S. Salado) RTS—37986-1

Add the following:

Mirtazapine

C17H19N3 265.35

Py ra z ino [2 , 1 -a ] py r i do [2 , 3 - c ] [ 2 ] benzaz ep in e ,

1,2,3,4,10,14b-hexahydro-2-methyl-.

1,2,3,4,10,14b-Hexahydro-2-methylpyrazino[2,1-a]pyri-

do[2,3-c]benzazepine [61337-67-5].

» Mirtazapine contains not less than 98.5 percent

and not more than 101.5 percent of C17H19N3, cal-

culated on the anhydrous basis.

Packaging and storage—Preserve in tight containers at

temperatures between 158 and 258.

USP Reference standards h11i—USP Mirtazapine RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

Melting range h741i: between 1208 and 1248.

Specific rotation h781Si: between +28 and –28.

Test solution: 10 mg per mL, in denatured alcohol.

Water, Method I h921i: not more than 3.0%.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method I h231i: 0.001%.

Diluent: a mixture of methanol and water (85:15).

Test Preparation: Dissolve 4.8 g of mirtazapine in 51 mL

of methanol. Add 9 mL of water. Adjust 25 mL of this solu-

tion with 1 N acetic acid to a pH of between 3.0 and 4.0,

using a short-range pH indicator paper as the internal indi-

cator. Dilute with Diluent to 40 mL, and mix.

NOTE—Use Diluent instead of water to prepare the Stan-

dard Preparation andMonitor Preparation. Prepare a blank

of Diluent, and use Diluent instead of water in the Proce-

dure.

Chromatographic purity—

Diluent, Buffer solution, and Mobile phase—Proceed as

directed in the Assay.

Standard solution—Dissolve an accurately weighed

quantity of USPMirtazapine RS inDiluent, and dilute quan-

titatively, and stepwise if necessary, with Diluent to obtain a

solution having a known concentration of about 0.15 mg per

mL.

Test solution—Transfer about 150 mg of Mirtazapine, ac-

curately weighed, to a 100-mL volumetric flask, dissolve in

and dilute with Diluent to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 240-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing

L1. The flow rate is about 1.5 mL per minute. The column
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temperature is maintained at 408. Chromatograph the Stan-

dard solution, and record the peak response as directed for

Procedure: the tailing factor is not more than 2.0; and the

relative standard deviation for replicate injections is not

more than 10.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for the major peaks. Calculate the percentage of

each impurity in the portion of Mirtazapine taken by the for-

mula:

10,000F(C/W) (ri / rS ),

in which F is the relative response factor for the mirtazapine

impurities and is equal to 0.24 for any impurity at a relative

retention time of about 1.3, and 1.0 for any other impurity; C

is the concentration, in mg per mL, of USP Mirtazapine RS

in the Standard solution; W is the weight, in mg, of Mirta-

zapine taken to prepare the Test solution; ri is the peak re-

sponse of any impurity obtained from the Test solution; and

rS is the mirtazapine peak response obtained from the Stan-

dard solution: not more than 0.1% of any individual impu-

rity is found, and not more than 0.5% of total impurities is

found. [NOTE—Disregard any peak representing less than

0.05% of the main peak and any peak that is due to the Dil-

uent.]

Organic volatile impurities, Method IV h467i: meets the

requirements.

Assay—

Diluent: a mixture of acetonitrile and water (50:50).

Buffer solution—Transfer about 36.0 g of tetramethylam-

monium hydroxide pentahydrate to a 2000-mL volumetric

flask, and dissolve in about 1950 mL of water. While stir-

ring, adjust with phosphoric acid to a pH of 7.4, dilute with

water to volume, and mix.

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution, acetonitrile, methanol, and tetrahydrofuran

(65:15:12.5:7.5). Make adjustments if necessary (see Sys-

tem Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USPMirtazapine RS inDiluent, and dilute quan-

titatively, and stepwise if necessary, with Diluent to obtain a

solution having a known concentration of about 0.3 mg per

mL.

Assay preparation—Transfer about 30 mg of Mirtazapine,

accurately weighed, to a 100-mL volumetric flask, dissolve

in and dilute with Diluent to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 290-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing

L1. The flow rate is about 1.5 mL per minute. The column

temperature is maintained at 408. Chromatograph the Stan-

dard preparation, and record the peak response as directed

for Procedure: the column efficiency is not less than 7000

theoretical plates; the tailing factor is not more than 2.0; and

the relative standard deviation for replicate injections is not

more than 1.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

quantity, in mg, of C17H19N3 in the portion of Mirtazapine

taken by the formula:

100C(rU / rS),

in which C is the concentration, in mg per mL, of USP Mir-

tazapine RS in the Standard preparation; and rU and rS are

the peak responses obtained from the Assay preparation and

the Standard preparation, respectively.
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h11i USP Reference Standards

Add the following:

USP Mirtazapine RS—Do not dry; determine the water

content titrimetrically at time of use. Keep container tightly

closed and protected from light.

Description and Solubility

Add the following:

Mirtazapine: White to creamy white, crystalline powder.

Freely soluble in methanol and toluene; soluble in ethyl

ether; sparingly soluble in n-hexane; practically insoluble

in water.

BRIEFING

Mirtazapine Tablets—See briefing under Mirtazapine.

(PA3: S. Salado; BPC: M. Marques) RTS—37986-2; 39160-1

Add the following:

Mirtazapine Tablets

» Mirtazapine Tablets contain not less than 90.0

percent and not more than 110.0 percent of the la-

beled amount of mirtazapine (C17H19N3).

Packaging and storage—Preserve in tight, light-resistant

containers, and store at controlled room temperature.

USP Reference standards h11i USP Mirtazapine RS.

Identification—

A: Infrared Absorption h197Ki.

Extraction mixture: a mixture of water and n-hexane

(1:1).

Test specimen—Transfer a quantity of finely powdered

Tablets, equivalent to about 30 mg of mirtazapine, to a suit-

able centrifuge tube. Add Extraction mixture to obtain a

solution of about 1 mg of mirtazapine per mL of n-hexane.

Shake for 5 minutes, and centrifuge. Decant, and evaporate

the supernatant.

Standard specimen—Dissolve an accurately weighed

quantity of USP Mirtazapine RS in Extraction mixture to

obtain a solution having a concentration of about 1 mg of

mirtazapine per mL of n-hexane. Shake for 5 minutes, and

centrifuge. Decant, and evaporate the supernatant.

B: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

Dissolution h711i—

Medium: 0.1 N hydrochloric acid; 900 mL.

Apparatus 2: 50 rpm.

Time: 15 minutes.

Procedure: Determine the amount of C17H19N3 dissolved

by employing UV absorption at the wavelength of maxi-

mum absorbance at about 315 nm of filtered portions of

the solution under test, suitably diluted with Dissolution

Medium, in comparison with a Standard solution having a

known concentration of USP Mirtazapine RS in the same

Medium.

Tolerances—Not less than 80% (Q) of the labeled amount

of C17H19N3 is dissolved in 15 minutes.

Uniformity of dosage units h905i: meet the requirements

for Content Uniformity.

Chromatographic purity—

Diluent, Buffer solution, and Mobile phase—Proceed as

directed in the Assay under Mirtazapine.

Standard stock solution—Prepare as directed for Standard

preparation in the Assay under Mirtazapine.
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Standard solution—Transfer 5.0 mL of Standard stock

solution to a 100-mL volumetric flask, dilute with Diluent

to volume, and mix.

Test solution—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the pow-

der, equivalent to the weight of 1 Tablet, to a suitable conical

flask. Add Diluent to obtain a solution having a concentra-

tion of about 1.5 mg of mirtazapine per mL of Diluent.

Shake vigorously for 10 minutes, centrifuge an aliquot,

and use the clear supernatant.

Chromatographic system (see Chromatography h621i—

The liquid chromatograph is equipped with a 240-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing

L1. The flow rate is about 1.5 mL per minute. The column

temperature is maintained at 408. Chromatograph the Stan-

dard solution, and record the peak response as directed for

Procedure: the column efficiency is not less than 7000 the-

oretical plates; the tailing factor is not more than 2.0; and the

relative standard deviation for replicate injections is not

more than 10.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for the major peaks. Calculate the percentage of

each impurity in the portion of Mirtazapine taken by the for-

mula:

5(FV)(C/W)(W20 / L)(ri / rs),

in which F is the relative response factor for the mirtazapine

impurities and is equal to 0.24 for any impurity at a relative

retention time of about 1.3, and 1.0 for any other impurity; V

is the total volume, in mL, of the Test solution; C is the con-

centration, in mg per mL, of USP Mirtazapine RS in the

Standard solution; W is the weight, in mg, of the powdered

Tablets taken to prepare the Test solution; W20 is the weight

of the 20 Tablets taken; L is the labeled amount, in mg, of

mirtazapine in each Tablet; ri is the peak response of any

impurity obtained from the Test solution; and rS is the mir-

tazapine peak response obtained from the Standard solu-

tion: not more than 0.2% of any individual impurity is

found, and not more than 2.0% of total impurities is found.

[NOTE—Disregard any peak representing less than 0.05% of

the main peak and any peak that is due to the Diluent.]

Assay—

Diluent, Buffer solution, Mobile phase and Standard

preparation—Prepare as directed in the Assay under Mirta-

zapine.

Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer an accurately weighed portion of

the powder, equivalent to the weight of 1 Tablet, to a suit-

able conical flask. Add Diluent to obtain a solution having a

concentration of about 0.3 mg of mirtazapine per mL of Dil-

uent. Shake vigorously for 10 minutes, centrifuge an ali-

quot, and use the clear supernatant.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 290-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing

L1. The flow rate is about 1.5 mL per minute. The column

temperature is maintained at 408. Chromatograph the Stan-

dard preparation, and record the peak response as directed

for Procedure: the column efficiency is not less than 7000

theoretical plates; the tailing factor is not more than 2.0; and

the relative standard deviation for replicate injections is not

more than 1.5%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

quantity, in mg, of mirtazapine (C17H19N3) in the portion

of Tablets taken by the formula:

VC(rU / rS),
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in which V is the volume, in mL, of the Assay preparation;

C is the concentration, in mg per mL, of USP Mirtazapine

RS in the Standard preparation; and rU and rS are the peak

responses obtained from the Assay preparation and the

Standard preparation, respectively.

BRIEFING

Topiramate. Because there is no existing USP monograph, a
new monograph is being previewed. The validation of the Related
compounds and Assay tests was performed using a GL Sciences,
Inertsil ODS 3 brand of L1 column. The typical retention time
for topiramate in the Assay is about 6.7 minutes. The typical reten-
tion times are about 7.4 minutes and 8.4 minutes for topiramate
related compound A and for topiramate, respectively, in the Re-
lated compounds test. The validation of the Residual solvent test
was performed using a J & W Scientific, DB 624 brand of G43
column. The typical retention times, in minutes, are about 9.3,
9.6, 10.4, 10.7, 12.3, 15, and 21 for acetone, isopropyl alcohol,
acetonitrile, methylene chloride, n-hexane, ethyl acetate, and pyr-
idine, respectively.

(PA3: S. Salado) RTS—39329-1

Add the following:

Topiramate

C12H21NO8S 339.36

b-D-Fructopyranose, 2,3:4,5-bis-O-(1-methyethylidene)-,

sulfamate.

2,3:4,5-Di-O-isopropylidene-b-D-fructopyranose sulfa-

mate [97240-79-4].

» Topiramate contains not less than 98.0 percent

and not more than 102.0 percent of C12H21NO8S,

calculated on an anhydrous basis.

Packaging and storage—Preserve in tight, light-resistant

containers, and store at controlled room temperature.

USP Reference standards h11i—USP Topiramate RS.

USP Topiramate Related Compound A RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

Specific rotation h781Si: between –298 and –358 measured

at 208.

Test solution: 4 mg per mL, in methanol.

Water, Method I h921i: not more than 0.5%.

Residue on ignition h281i: not more than 0.2%.

Related compounds—

Mobile phase—Proceed as directed in the Assay.

NOTE—Prepare all solutions fresh before use.

System suitability solution—Transfer about 3 mg of USP

Topiramate Related Compound A RS, accurately weighed,

to a 10-mL volumetric flask. Dissolve in and dilute with Test

solution to volume, and mix.

Test solution—Transfer about 1 g of Topiramate, ac-

curately weighed, to a 25-mL volumetric flask, and dissolve

in Mobile phase with the aid of sonication. Cool to room

temperature, dilute with Mobile phase to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a refractive in-

dex detector and a 4.6-mm 6 25-cm column that contains

packing L1. The column and the detector temperatures are

maintained at 558. The flow rate is about 0.6 mL per minute.
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Chromatograph the System suitability solution, and record

the peak responses as directed for Procedure: the relative

retention times are about 0.9 for topiramate related com-

pound A, and 1.0 for topiramate; the resolution, R, between

topiramate related compound A and topiramate is not less

than 1.0; and the relative standard deviation for replicate in-

jections is not more than 2.0%.

Procedure—Inject a volume (about 50 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure all of the peak responses. Record the chroma-

togram for a period of time equivalent to not less than five

times the retention time of the topiramate peak. Calculate

the percentage of fructose in the portion of Topiramate taken

by the formula:

100(1/F)(rU / rs),

in which F is the relative response factor and is equal to 1.2;

rU is the area of any peak at a relative retention time of about

0.45; and rs is the sum of the responses of all the peaks. Cal-

culate the percentage of each impurity in the portion of To-

piramate taken by the formula:

100(ri / rs),

in which ri is the peak response for each impurity; and rs is

the sum of the responses of all the peaks: not more than

0.3% of fructose is found; not more than 0.3% of topiramate

related compound A is found; not more than 0.1% of any

other individual impurity is found; and not more than

0.5% of total impurities is found. [NOTE—Discard any peak

due to solvents.]

Residual solvents—

Standard stock solution—Dilute accurately measured vol-

umes of acetone, isopropyl alcohol, acetonitrile, methylene

chloride, n-hexane, ethyl acetate, and pyridine in dimethyl-

formamide to obtain a solution having known concentra-

tions, in mL per mL, of about 3.0, 3.2, 0.24, 0.20, 0.22,

2.8, and 0.01, respectively.

Standard solution—Transfer 10.0 mL of Standard stock

solution to a 100-mL volumetric flask. Dilute with di-

methylformamide to volume, and mix. Transfer 5 mL to a

20-mL headspace vial, and crimp immediately.

Blank solution—Use dimethylformamide.

Test solution—Transfer about 0.25 g of Topiramate to a

20-mL headspace vial. Add 5.0 mL of dimethylformamide,

and crimp immediately.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a headspace injec-

tor, a flame-ionization detector, and a 0.53-mm6 75-m ca-

pillary column, the internal wall of which is coated with a

0.3-mm film of liquid phase G43. The column temperature is

programmed according to Table 1. The injector port tem-

perature is maintained at 1508; the headspace sampler tem-

perature is maintained at 808; and the detector temperature is

maintained at 2508. Nitrogen is used as the carrier gas at a

flow rate of about 5 mL per minute and a split flow rate of

about 15 mL per minute.

Table 1. Column Temperature Program

Time

(minutes)

Initial

Temperature

(8)

Final

Temperature

(8)

Increase Rate

Temperature

(8 per minute)

0–12 50 50 Isothermal

12–22 50 150 10

22–27 150 150 Isothermal

27–28.3 150 230 60

28.3–33.3 230 230 Isothermal

Chromatograph the Standard solution, and record the peak

responses as directed for Procedure: the retention time for
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pyridine is about 21 minutes; the relative retention times are

about 0.4 for acetone, about 0.46 for isopropyl alcohol,

about 0.49 for acetonitrile, about 0.51 for methylene chlo-

ride, about 0.58 for n-hexane, about 0.71 for ethyl acetate,

and 1.0 for pyridine; the resolution, R, between adjacent

peaks is not less than 1.0; and the relative standard deviation

for consecutive injections of the Standard solution for all

analytes is not less than 15.0%. Chromatograph the Blank

solution, and record the peak responses as directed for

Procedure: there are no interfering peaks due to dimethyl-

formamide.

Procedure—Inject a volume (about 1 mL of the head-

space, using a heated gas-tight syringe) of the Standard

solution and the Test solution into the chromatograph, re-

cord the chromatogram, and measure the area for the major

peaks. Calculate the percentage of each solvent per g of To-

piramate taken by the formula:

500(CDU /W)(rU / rS),

in which C is the concentration (mL per mL) of each solvent

in the Standard solution; DU is the density (mg per mL) of

each solvent;W is the weight, in mg, of Topiramate taken to

prepare the Test solution; and rU and rS are the peak areas of

the corresponding analyte obtained from the Test solution

and the Standard solution, respectively. Not more than

0.50%, 0.50%, 0.04%, 0.05%, 0.029%, 0.05%, and

0.02%, (w/w) of acetone, isopropyl alcohol, acetonitrile,

methylene chloride, n-hexane, ethyl acetate, and pyridine,

respectively, is found.

Assay—

Mobile phase—Prepare a filtered and degassed mixture

of acetonitrile and water (1:1). Make adjustments if neces-

sary (see System Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Topiramate RS in Mobile phase, and dilute

quantitatively, and stepwise if necessary, withMobile phase

to obtain a solution having a known concentration of about

2.0 mg per mL.

Assay preparation—Transfer about 50 mg of Topiramate,

accurately weighed, to a 25-mL volumetric flask, and dis-

solve in and dilute with Mobile phase to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a refractive in-

dex detector and a 4.6-mm 6 25-cm column that contains

5-mm packing L1. The flow rate is about 0.6 mL per minute.

The detector and column temperatures are maintained at

508. Chromatograph the Standard preparation, and record

the peak responses as directed for Procedure: the column

efficiency is not less than 1500 theoretical plates; the tailing

factor is not more than 2.0; and the relative standard devia-

tion for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

quantity, in mg, of C12H21NO8S in the portion of Topiramate

taken by the formula:

25C(rU / rS),

in which C is the concentration, in mg per mL, of USP To-

piramate RS in the Standard preparation; and rU and rS are

the peak responses obtained from the Assay preparation and

the Standard preparation, respectively.

h11i USP Reference Standards

Add the following:

USP Topiramate RS—Do not dry; determine the water

content titrimetrically at the time of use. Keep container

tightly closed. Protect from light.
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Add the following:

USP Topiramate Related Compound A RS [2,3:4,5-Bis-

O-(1-methylethylidine)-b-D-fructopyranose] (C12H20O6

260.28)—Preserve in tight, light-resistant containers be-

tween 28 and 88.

Description and Solubility

Add the following:

Topiramate: White to off-white powder. Freely soluble in

dichloromethane.
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NOMENCLATURE
This section includes supplements to the latest edition of the USP Dictionary of USAN and International Drug Names that

incorporate new United States Adopted Names (USAN) and revisions to existing Dictionary names. Also listed are Proposed

and Recommended International Nonproprietary Names (INN) when they have been announced by the World Health Orga-

nization.

Possible names suggested for use as USAN and INN are listed for public review and comment along with information on how

nonproprietary names are devised. In addition, readers may find articles relevant to current compendial nomenclature issues

that also occasionally report on related matters pertaining to USAN and INN.



USP Dictionary of USAN and International Drug Names
2002 USP DICTIONARY SUPPLEMENT 6

IMPORTANT—Save this Supplement. This and all supplements appearing in PF are needed to keep the 2002 edition of the USP Dic-
tionary (USPD) up to date. The cumulative contents of the supplements to the current (2002) edition will be included in the next complete
edition of the Dictionary.

New United States Adopted Names (USAN)

The following are newly established United States Adopted Names (USAN). These names will not be listed cumulatively;

see preceding and succeeding numbers of PF for other new USAN to supplement the Dictionary main volume.

Desvenlafaxine Succinate [2003] (des ven’ la fax een).
C16H25NO2 �C4H6O4 �H2O. 399.48. (1) Butanedioic acid,
compound with 4-[2-(dimethylamino)-1-(1-hydroxycyclo-
hexyl)ethyl]phenol (1:1), monohydrate; (2) 1-[(1RS)-2-(Di-
methylamino)-1-(4-hydroxyphenyl)ethyl]cyclohexanol hy-
drogen butanedioate monohydrate. CAS-386750-22-7.
Treatment of major depressive disorder. (Wyeth) Wy-45233

Diquafosol Tetrasodium [2003] (dye kwa fos’ ol).
C18H22N4Na4O23P4. 878.23. (1) Uridine, 5’-(pentahydrogen
tetraphosphate), P’?5’-ester with uridine, tetrasodium salt;
(2) Uridine(5’)tetraphospho(5’)uridine tetrasodium salt.
CAS-211427-08-6. Enhancement of mucosal hydration in
the treatment of chronic dry eye (P2Y2 receptor antagonist).
(Inspire Pharmaceuticals) INS365

Ditiocade Sodium [2003] (dit’ ee oh kade). C5H10NNaOS2 �H2O.
205.30. (1) Carbamodithioic acid, ethoxyethyl-, sodium salt,
monohydrate; (2) Sodium ethoxyethylcarbamodithioate
monohydrate. CAS-444190-52-7. A final intermediate in the
preparation of 99mTcN-NOET, for in-vivo diagnosis of coro-
nary artery disease. CISNOET2 (Berlex) NOET

Edifoligide Sodium [2003] (e dif oh lig’ ide).
C272H318N106Na26O138P26S26. (1) DNA, d(P-thio)(C-T-A-G-
A-T-T-T-C-C-C-G-C-G), complex with DNA d(P-thio)(G-
A-T-C-C-G-C-G-G-G-A-A-A-T) (1:1) hexacosodium salt;
(2) 2’-Deoxy-P-thiocytidylyl-(3’?5’)-P-thiothymidylyl-
(3’?5’)-2’-deoxy-P-thioadenylyl-(3’?5’)-2’-deoxy-P-thio-
guanylyl-(3’?5’)-2’-deoxy-P-thioadenylyl-(3’?5’)-P-
thiothymidylyl-(3’?5’)-P-thiothymidylyl-(3’?5’)-P-thiothy-
midylyl-(3’?5’)-2’-deoxy-P-thiocytidylyl-(3’?5’)-2’-deoxy-
P-thiocytidylyl-(3’?5’)-2’-deoxy-P-thiocytidylyl-(3’?5’)-2’-
deoxy-P-thioguanylyl-(3’?5’)-2’-deoxy-P-thiocytidylyl-
(3’?5’)-2’-deoxy-P-thioguanine, complex with 2’-deoxy-P-
thioguanylyl-(3’?5’)-2’-deoxy-P-thioadenylyl-(3’?5’)-P-
thiothymidylyl-(3’?5’)-2’-deoxy-P-thiocytidylyl-(3’?5’)-2’-
deoxy-P-thiocytidylyl-(3’?5’)-2’-deoxy-P-thioguanylyl-
(3’?5’)-2’-deoxy-P-thiocytidylyl-(3’?5’)-2’-deoxy-P-thio-
guanylyl-(3’?5’)-2’-deoxy-P-thioguanylyl-(3’?5’)-2’-
deoxy-P-thioguanylyl-(3’?5’)-2’-deoxy-P-thioadenylyl-
(3’?5’)-2’-deoxy-P-thioadenylyl-(3’?5’)-2’-deoxy-P-thioa-
denylyl-(3’?5’)-P-thiothymidine, hexacosasodium salt. CAS-
328538-04-1 [for the base substance]. Treatment autogenous
vein grafts to prevent graft failure (oligonucleotide used with
a pressure mediated device for ex vivo delivery to vein grafts).
(Corgentech) [Note—The trivial name, E2F Duplex Decoy,
has appeared in literature.] CGT003

Elvucitabine [2003] (el vue sye’ ta been). C9H10FN3O3. 227.19.
(1) 2(1H)-Pyrimidinone, 4-amino-1-[(2S,5R)-2,5-dihydro-5-
(hydroxymethyl)-2-furanyl]-5-fluoro-; (2) 4-Amino-5-fluoro-
1-[(2S,5R)-5-(hydroxymethyl)-2,5-dihydrofuran-2-yl]pyrimi-
din-2(1H)-one. CAS-181785-84-2. Treatment of Hepatitis B
virus (HBV) and Human Immunodeficiency Virus (HIV) infec-
tion. (Achillion) ACH-126,443

Ferumoxytol [2003] (fer yoo mox’ i tole). FeO1.49 (approxi-
mately); C398H646O337 (coating). Polyglucose sorbitol carbox-
ymethyl ether-coated non-stoichiometric magnetite.
Ferumoxytol is a superparamagnetic iron oxide that is coated
with a low molecular weight semi-synthetic carbohydrate,
polyglucose sorbitol carboxymethyl ether. The iron oxide is
a superparamagnetic form of non-stoichiometric magnetite
with crystal size of 6.2 to 7.3 nm. In solution, the colloidal
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particle of ferumoxytol has a Stokes diameter of 18–20 nm.
Molecular weight is approximately 308,000. CAS-1309-38-2.
Diagnostic aid, magnetic resonance imaging (MRI); treat-
ment of iron deficiency. (Advanced Magnetics) Code 7228

Hexaminolevulinate Hydrochloride [2003] (hex a min’’ oh le
vue’ lin ate). C11H21NO3 �HCl. 251.75. (1) Pentanoic acid, 5-
amino-4-oxo-, hexyl ester, hydrochloride; (2) Hexyl 5-amino-
4-oxopentanoate hydrochloride. CAS-140898-91-5. Diagnos-
tic agent for the diagnosis of bladder cancer. (PhotoCure,
Norway) P-1026

Nitazoxanide [2003] (nye ta zox’ a nide). C12H9N3O5S. 307.28. (1)
Benzamide, 2-(acetyloxy)-N-(5-nitro-2-thiazolyl)-; (2) N-(5-
Nitro-2-thiazolyl)salicylamide acetate (ester).CAS-55981-09-
4. INN; BAN. Antiparasitic; treatment of Cryptosporidium
parvum and Giardia lamblia. Alinia2 (Romark) PH 5776

Omiganan Pentahydrochloride [2003] (oh me gan’ an).
C90H127N27O12 � 5HCl. 1961.00. (1) L-Lysinamide, L-isoleu-
cyl-L-leucyl-L-arginyl-L-tryptophyl-L-prolyl-L-tryptophyl-L-

tryptophyl-L-prolyl-L-tryptophyl-L-arginyl-L-arginyl-, penta-
hydrochloride; (2) L-Isoleucyl-L-leucyl-L-arginyl-L-trypto-
phyl-L-prolyl-L-tryptophyl-L-tryptophyl-L-prolyl-L-trypto-
phyl-L-arginyl-L-arginyl-L-lysinamide pentahydrochloride.
CAS-269062-93-3. Antimicrobial agent. (Micrologix Bio-
tech)

Peginterferon Alfa-2a [2003] (peg in ter feer on). (1) Interferon
aA (human leukocyte), mono(N2,N6-dicarboxyl-L-lysyl) deri-
vative, diester with a-methyl-!-hydroxypoly(oxy-1,2-ethane-
diyl); (2) Interferon aA (human leukocyte), mono(N2,N6-
dicarboxyl-L-lysyl) derivative, diester with polyethylene gly-
col monomethyl ether. CAS-198153-51-4. INN; BAN. Treat-
ment of hepatitis C. Pegasys1 (Hoffmann-LaRoche) Ro 25-
8310/000
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Revisions of United States Adopted Names (USAN)

The following are revisions of existing United States Adopted Names (USAN) and other names.

Amitriptyline Hydrochloride

Change the chemical structure to read:

Amitriptylinoxide

Change the chemical structure to read:

Atomoxetine Hydrochloride

Add the following chemical structure:

Capsaicin

Change the chemical structure to read:

Carbomer 910

Change the name of the manufacturer of Carbopol 910
to read:

(Noveon)

Carbomer 934

Change the name of the manufacturer of Carbopol 934
to read:

(Noveon)

Carbomer 934P

Change the name of the manufacturer of Carbopol 934P
and Carbopol 974P to read:

(Noveon)

Carbomer 940

Change the name of the manufacturer of Carbopol 940
and Carbopol 980 to read:

(Noveon)

Carbomer 941

Change the name of the manufacturer of Carbopol 941,
Carbopol 981, and Carbopol 971P to read:

(Noveon)

Carbomer 1342

Change the name of the manufacturer of Carbopol 1342,
Pemulen TR-1, and Pemulen TR-2 to read:

(Noveon)

Dibotermin Alfa

Change the name of the manufacturer to read:

(Wyeth)
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Dolasetron Mesylate

Change the chemical structure to read:

Eletriptan Hydrochloride

Change the name to read:

Eletriptan Hydrobromide

Ethomoxane Hydrochloride

Change the CAS numbers to read:

CAS-6038-78-4; CAS-3570-46-5 [ethomoxane]

Imafen Hydrochloride

Change the CAS numbers to read:

CAS-53361-24-3; CAS-59198-18-4 [imafen]

Indinavir Sulfate

Change the first chemical name to read:

D-erythro-Pentonamide, 2,3,5-trideoxy-N-(2,3-dihydro-2-hy-
droxy-1H-inden-1-yl)-5-[2-[[(1,1-dimethylethyl)amino]carbonyl]-
4-(3-pyridinylmethyl)-1-piperazinyl]2-(phenylmethyl)-,
[1(1S,2R,5(S)]-, sulfate (1:1) (salt).

Octoxynol 9

Add the following brand name and manufacturer to
read:

Triton X-100 (Union Carbide)

Pemetrexed Disodium

Add the following chemical structure:

Phenoxybenzamine Hydrochloride

Change the name of the manufacturer to read:

(WellSpring Pharmaceutical Corporation).
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Proposed and Recommended International Nonproprietary Names

International Nonproprietary Names (INN) are devised by the
World Helath Organization (WHO).
Under its charter, the WHO is empowered simply to recommend

specific actions or procedures to its Member States. This limitation
is incorporated into the WHO program concerned with the selec-
tion of international nonproprietary names for pharmaceutical sub-
stances, in that the WHO first publishes the selected names as
proposals (‘‘Proposed International Nonproprietary Names’’). A
period of four months from the date of publication in WHO Drug
Information is allowed for entering comments on, or objections to,
any proposal on the part of Member States or other interested par-
ties. In general, an objection reflects a belief that the proposal con-
cerned is confusingly close to (i.e., conflicts with) a name already
in use, perhaps in only a restricted area in which the party has a
proprietary interest in the form of trademark rights. In the event
that no objection is received, the WHO proceeds with listing and
publishing the names so devised as recommendations (‘‘Recom-

mended International Nonproprietary Names’’), which many
Member States then recognize as the sole or preferred non-
proprietary name for use within their respective territorists.

Proposed International Nonproprietary Names

The following 66 names are under consideration by the World
Health Organization as Proposed International Nonproprietary
Names. This list appears in WHO Drug Information Vol. 16, No.
2, 2002, with chemical and structural information.
Any comments or formal objections to the proposed names

should be addressed to Sandra Van Laan, Assistant Secretary,
USAN Council, American Medical Association, 515 North State
Street, Chicago, Illinois 60610.

Proposed INN Therapeutic Indication

Albaconazole Antifungal
Alvimopan m-Opioid receptor antagonist
Apaziquone Antineoplastic
Apolizumab Immunomodulator
Asenapine Psychostimulant
Axomadol Analgesic
Bifeprunox Antipsychotic
Canertinib Antineoplastic
Cefovecin Antibacterial (veterinary drug)
Cethromycin Antibacterial
Dabigatran Etexilate Antithrombotic
Delucemine NMDA receptor antagonist
Ecromeximab Immunomodulator
Eculizumab Immunomodulator
Edotecarin Antineoplastic
Eglumegad Psychostimulant
Elzasonan Antidepressant
Enecadin Sodium/calcium channel

blocker
Ertiprotafib Antidiabetic
Eszopiclone Sedative, hypnotic
Fandosentan Endothelin receptor antagonist
Fontolizumab Immunomodulator
Garenoxacin Antibacterial
Idusulfase Enzyme
Indiplon Sedative, hypnotic
Inecalcitol Vitamin D analogue
Iroxanadine Cardiac stimulant
Lidorestat Aldose reductase inhibitor
Liraglutide Antidiabetic
Lubazodone Antidepressant
Lubiprostone Prostaglandin
Lumiracoxib Cycloxygenase-2 inhibitor
Merimepodib Immunosupressant

Proposed INN Therapeutic Indication

Mozavaptan Vasopressin V2 receptor antago-
nist

Nalfurafine �-Opioid receptor antagonist
Naminidil Potassium channel opener
Nemifitide Antidepressant
Nortopixantrone Antineoplastic
Oblimersen Antineoplastic
Ortataxel Antineoplastic
Osemozotan Serotonin receptor agonist
Palindore Antipsychotic
Pascolizumab Immunomodulator
Pegaptanib Angiogenesis inhibitor
Pegsunercept Antihyperlipidemic
Perflubrodec Oxygen carrier
Picoplatin Antineoplastic
Plevitrexed Antineoplastic
Pumosetrag Laxative
Siplizumab Immunomodulator
Soraprazan Acid pump antagonist
Tacapenem Antibiotic
Tapentadol Analgesic
Tecadenoson Adenosine receptor A agonist
Tecalset Calcimimetic
Teneliximab Immunomodulator
Topixantrone Antineoplastic
Toralizumab Immunomodulator
Torceptrapib Antihyperlipidemic
Torcitabine Antiviral
Trabectedin Antineoplastic
Treprostinil Vasodilator, prostacyclin
Triplatin Tetranitrate Antineoplastic
Tulathromycin Antibacterial (veterinary drug)
Vapaliximab Immunomodulator
Varespladib Secretory phospholipase A2 in-

hibitor
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Suggested United States Adopted Names

The United States Adopted Names (USAN) program is the spe-
cifically organized effort in the United States directed to producing
simple and useful nonproprietary names for drugs while the drugs
are still in the investigational stages. The American Medical Asso-
ciation (AMA), the American Pharmaceutical Association
(APhA), and the United States Pharmacopeial Convention (USPC)
jointly sponsor the USAN program with representation from the
FDA.
Each U.S. Adopted Name is chosen with the expectation that it

will be suitable for prescribing and dispensing purposes and for
designation as the title of the monograph, should the article be re-
cognized in the official United States Pharmacopeia or National
Formulary. A measure of the prestige and recognition of the value
of the USAN program can be found in the following regulations
published by the Commissioner of Food and Drugs and the Secre-
tary of Health and Human Services in the Federal Register of Feb-
ruary 1988.

All who are concerned with the prescription, dispen-
sing, use, sale or manufacture of drugs may, in the
absence of the designation of an official name by
the FDA, rely on the current compendial name or
the U.S. Adopted Name (USAN) listed in this vol-
ume as being the established name in accordance
with the Federal Food, Drug, and Cosmetic Act.

A formal procedure1 is followed by the USAN Council in select-
ing an established name for a drug. The USAN Council Secretary
is also an ex officio member of the International Nonproprietary
Names (INN) Committee. USAN Guiding Principles are concor-
dant with World Health Organization (WHO) principles, and all
USANs for substances also named by the INN Committee are sys-

tematically processed through the INN Committee. This ensures
that, with very rare exceptions, USANs are identical to INNs and
available for world-wide use.
A suggestion for a USAN originates usually from a firm or an

individual who has developed a substance of potential therapeutic
utility to the point where there is a distinct possibility of its being
marketed in the United States of America. Occasionally, the initia-
tive is taken by the USAN Council in the form of a request to par-
ties interested in a substance for which a nonproprietary name
appears to be lacking.
Submissions to the USAN Council are expected to conform to

the established Guiding Principles2 and to be reasonably free from
conflict with other names, including both trademarks and non-
proprietary names. An effort is made to discourage the occasional,
undesirable practice of incorporating in trademarks the syllables
used in an established nonproprietary name, or syllables recom-
mended for USAN. Such trademarks may act as a bar to the sub-
sequent adoption of appropriate nonproprietary names for closely
related drugs.
The suggested nonproprietary names for the drugs described in

the following list are under consideration by the USAN Council.
The name(s) being considered for each drug substance, and the ap-
plicable category, are separated by double spacing from the
name(s) and category for the next listed drug substance. Where
two or more names are being considered for the same drug sub-
stance, the names are single-spaced, and the applicable category
term is written only once to the right of the single-spaced group
of names.
Any comments or protests should be addressed to Sandra Van

Laan, Assistant Secretary, USAN Council, American Medical As-
sociation, 515 North State Street, Chicago, Illinois 60610.

Suggested USAN Category

Aclofarabine
Baltarabine
Clofarabine
Colfarabine
Crofarabine
Eclofarabine
Iclofarabine

Treatment of primary refractory
or relapsed acute myelogenous
leukemia (AML) or acute lym-
phoblastic leukemia (ALL) in
pediatric and adult patients

Acquafilcon A
Aquafilcon A

Hydrophilic contact lens
material

Agaglitacor
Optiglitacor
Siviglitacor

Antidiabetic

Aglitazar
Cabaglitazar
Velaglitazar

Antidiabetic

Alahebrax Chloride
Altagebrax Chloride
Elagebrax Chloride

Treatment of cardiovascular
complications of aging

Alglucosidase Alfa
Alglucosidase Beta

Treatment of Pompe disease

Aloglustratide
Talaglustract
Tzalapotide

Antineoplastic

Suggested USAN Category

Anretinib
Panretinib
Recetinib

Antineoplastic

Apoptaxel
Azetaxel

Antineoplastic

Artofisopam Treatment of irritable bowel
syndrome and Crohn’s disease;
antianxiety; antistress

Bantacurium Chloride
Benecurium Chloride
Bravacurium Chloride
Brevicurium Chloride
Brosacurium Chloride
Vantacurium Chloride

Induces muscle paralysis as a
surgical adjunct; neuromuscu-
lar blocker

Belimumab
Eblimumab
Enablimumab
Fetlimumab

Treatment of auto-immune dis-
ease

Brezimstat
Brimymastat
Crebimastat
Crebizmastat
Rebimastat

Antineoplastic

1 USP Dictionary of USAN and International Drug Names, Preface.
2 Ibid., Appendix VII.

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
Vol. 29(2) [Mar.–Apr. 2003] NOMENCLATURE 555



Suggested USAN Category

Broxicicra
Metirafiv
Queviracir
Queviracrent
Quevircirant
Quicrentevir
Quintacirin
Racirfivant
Ranticicra
Ranticicrant
Ranticirpant
Rantirafiv
Viracirin
Zeptacirin

Antiviral

Cicloflugrel Hydrochloride
Flosulagrel Hydrochloride
Prosulagrel Hydrochloride

Platelet aggregation inhibitor

Cortuzumab
Erbutuzumab
Pertuzumab

Monoclonal antibody

Cresatumomab Sudotox
Luratumomab Sudotox
Mesotumomab Sudotox
Nesotumomab Sitotox

Cytotoxic agent to treat cancer

Delfacitabine
Dicitabine
Elvucitabine
Elvutaben
Forcitabine

Antiviral

Desmoteplase Treatment of acute myocardial
infarct ion, acute ischemic
stroke, pulmonary embolism,
and hemodialysis

Doxorubicin Magcarent
Doxorubicin, Magnetic Carrier
Agent

Magcarent Doxorubicin
MTC Doxorubicin

Antineoplastic

Epicallantide
Epicallide

Plasma kallikrein inhibitor

Esobutynin Chloride
Esoxybutynin Chloride
Esoxybutynin Hydrochloride

Treatment of urinary inconti-
nence

Esomeprazole Sodium Gastric acid secretion inhibitor

Ezadenosant
Ezadenoson
Xodenosant
Xodenoson
Zadenosant

Antiparkinsonian

Fidexaban Anticoagulant

Suggested USAN Category

Galizumab
Penlizumab
Ralizumab
Salizumab
Talizumab
Tanlizumab

Monoclonal antibody

Galyfilcon A
Senofilcon A
Zenafilcon A

Hydrophilic contact lens ma-
terial

Istradefylline
Spradenofylline
Spuradenel
Stradefylline
Stradesant

Treatment of Parkinson’s dis-
ease

Ixabepilone
Ixepotilone
Milamepilone
Milepotilone
Mixlamepone

Antineoplastic

Lapatanib Ditosylate
Lapatinib Ditosylate
Lurotinib Ditosylate
Mefontinib Ditosylate
Napatinib Ditosylate

Antineoplastic

Lemuxaporfin
Leranaporfin
Luxaporfin
Ranaporfin
Seraporfin
Sertaporfin
Tuxaporfin

Photodynamic therapy

Memantine Hydrochloride Treatment of Alzheimer’s dis-
ease; NMDA receptor antago-
nist

Naprogecet
Nosprogecet
Panprogecet
Paprogecet
Pazprogecet
Piprogecet
Sanprogecet
Sinprogecet
Siprogecet
Tanprogecet

Oral contraceptive; proges-
terone receptor agonist

Nelanicet Tartrate
Nelanicline Tartrate
Nelaquixine Tartrate
Veranicline Tartrate
Veraquixine Tartrate
Veriquixine Tartrate

Smoking cessation

Neramexane Mesylate Treatment of alcohol depen-
dence; noncompetitive NMDA
receptor antagonist

Nitazoxanide Antiparasitic; treatment of
Cryptosporidium parvum and
Giarda lamblia

Pixantrone Antineoplastic
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Suggested USAN Category

Solabegron Hydrochloride Antidiabetic

Topixantrone Antineoplastic

Suggested USAN Category

Valrocemide
Valtrecemide Anti-epileptic; anticonvulsant

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
Vol. 29(2) [Mar.–Apr. 2003] NOMENCLATURE 557



Suggested International Nonproprietary Names

International Nonproprietary Names (INN) are devised by the
World Health Organization (WHO). INNs for substances originat-
ing within the United States are applied for through the USAN
Council. INN and USAN Guiding Principles are concordant,
which assures that, with very few exceptions, INNs and USANs
are identical.
Under its charter, the WHO is empowered simply to recommend

specific actions or procedures to its Member States. This limitation
is incorporated into the WHO program concerned with the selec-
tion of international nonproprietary names for pharmaceutical sub-
stances, in that the WHO first publishes the selected names as
proposals (‘‘Proposed International Nonproprietary Names’’). A
period of four months from the date of publication in WHO Drug
Information is allowed for entering comments on, or objections to,
any proposal on the part of Member States or other interested par-
ties. In general, an objection reflects a belief that the proposal con-
cerned is confusingly close to (i.e., conflicts with) a name already
in use, perhaps in only a restricted area in which the party has a
proprietary interest in the form of trademark rights. In the event

that no objection is received, the WHO proceeds with listing and
publishing the names so devised as recommendations (‘‘Recom-
mended International Nonproprietary Names’’), which many
Member States then recognize as the sole or preferred non-
proprietary name for use within their respective territories.
The names for the drugs that are categorized in the following list

are under consideration for the selection of new Proposed Interna-
tional Nonproprietary Names. The name(s) being considered for
each drug substance, and the applicable category, are separated
by double spacing from the name(s) and category for the next
listed drug substance. Where two or more names are being consid-
ered for the same drug substance, the names are single-spaced, and
the applicable category term is written only once to the right of the
single-spaced group of names.
Any comments or protests should be addressed to Sandra Van

Laan, Assistant Secretary, USAN Council, American Medical As-
sociation, 515 North State Street, Chicago, Illinois 60610.

Suggested INN Category

Adenoferminogen
Angioferminogen
Cardioferminogen

Angiogenic gene therapy

Afluprost
Afprost

Treatment of glaucoma and ocu-
lar hypertension

Autologous Dendritic Cell
Priming Vaccine

Autologous Tumorvaccine
Renal Cell Carcinoma Vaccine

Vaccine in adjuvant therapy of
renal carcinoma

Belimumab Treatment of auto-immune dis-
ease

Bilsafluor
Cholyl-lysyl Fluorescein
Cholysyl Fluorescein
Cholyusyl Fluorescein

Diagnostic aid

Calcimetriol
Isocalcitol
Isocalcitriol
Procalcitol

Treatment of psoriasis

Cenorphine
Valorphine
Zanorphine

Opioid analgesic

Ciclohexatreotide
Pansomreotide
Somatreotide

Treatment of acromegaly, gas-
troenteropancreatic (GEP) neu-
roendocrine tumors

Dablusagon
Dabluzagon
Zoyanagon

Treatment of urinary inconti-
nence

Dacethamate
Dacindolastat
Hisdacamate

Antineoplastic

Discodermolide
Disomitoside
Distabmutide

Antineoplastic

Suggested INN Category

Elicoxib
Imicoxib
Imocoxib

Anti-arthritic

Elsilimomab
Licilimomab

Immunomodulator

Elvucitabine Antiviral

Epitumomab Cituxetan
Epitumomab Sulzetan
Epitumomab Truzetan

Monoclonal antibody

Esobutynin Chloride Treatment of urinary inconti-
nence

Esomeprazole
Perprazole Magnesium

Gastric acid secretion inhibitor

Etadekin
Octadekin
Tadekin

Treatment of Crohn’s disease

Euglicar
Tauglicar

Antidiabetic

Exopentacin
Fungipentacin
Micopentacin

Antifungal agent

Gapomiboxepine
Gapomioxepine
Migapoxepine

Neuroprotectant

Istradefylline
Stradefylline

Treatment of Parkinson’s dis-
ease

Ixabepilone Antineoplastic

Lapatinib Ditosylate Antineoplastic

Neotripane
Trifalane
Trilifalane

Inhibitor of dopamine
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Suggested INN Category

Odiparcil Antithrombotic

Pertuzumab Monoclonal antibody

Ponepristone Contraception; treatment of
uterine fibroids

Suggested INN Category

Talizumab Monoclonal antibody

Vandeganib Anti-angiogenic agent

Veranicline Tartrate Smoking cessation
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STANDARDS DEVELOPMENT

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

(PF), for the development of official pharmaceutical standards.



USP publishes Pharmacopeial Forum (PF) bimonthly as the working vehicle of the USP Council of Experts. PF provides

interested parties an opportunity to review and comment as the Council of Experts develops or revises standards for the

United States Pharmacopeia and the National Formulary (USP–NF).

PF includes the following:

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

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

3. Adopted revisions—new or revised standards that become official and binding before the publication of the next USP–NF or Supple-
ment (Interim Revision Announcement)

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

will be published either in PF Briefings, the Commentary section of PF, the Commentary section of Supplements toUSP–NF,

or the Commentary section of USP–NF.

* If you are not immediately able to submit comments but you intend to do
so, please notify USP by using the Intent to Comment form provided before
the section Chromatographic Reagents Used in USP–NF and PF.

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
572 STANDARDS DEVELOPMENT Vol. 29(3) [May–June 2003]

S
ta

nd
ar

ds
D

ev
el

op
m

en
t



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

Questions on the process should be addressed to John W. Gasper, M.A., J.D., Director, Office of the Executive Secretariat,

U.S. Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: jg@usp.org).
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The contents of the different sections of PF are briefly described below. Readers will get an idea of how each section is

relevant to their job functions. They may contact USP scientific staff liaisons or staff members of the Executive Secretariat

(listed in the Staff Directory) if they have any questions. A more detailed description of each section is provided at the begin-

ning of that section.

Proposed and Adopted Revisions

Section Content How Readers Can Respond

Pharmacopeial Previews
Early ideas for revisions

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

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

study; and
— articles produced by multiple sources.

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

In-Process Revision
Revisions targeted for
adoption

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

&
or

.
. or

~

~
) to specify the tentative earliest date on which the revision

would be officially adopted.

Review material and send comments
promptly to USP staff liaison (see the
Staff Directory). Guidelines on how to
comment are found at the end of the Po-
licies and Announcements section.

Harmonization
Items the Pharmacopeial
Discussion Group (PDG)
is trying to harmonize in-
ternationally

�BRIEFING: Scientific rationale for the potential inclusion or
change or for the proposed change. The designated stage of harmo-
nization. The stage determines whether an item appears under
Pharmacopeial Previews or under In-Process Revision, both sep-
arate sections of Harmonization.
�For In-Process Revision, new or revised text is marked with sym-
bols (&

&
) to specify the tentative, earliest date on which the revi-

sion would be officially adopted.

Review material and provide com-
ments to the appropriate staff liaison ci-
ted in the Briefing preceding each
Preview or In-Process Revision.

Interim Revision
Announcement
Adopted standards

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

..

Review to see if affected by any of the
changes. Note effective date when stan-
dards become official and ensure com-
pliance.
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Other Sections

Committee Designations

Names of the committees (composed of volunteer scientific experts) that USP staff work with on the development of stan-

dards.

Staff Directory

Names of all USP scientific staff liaisons with contact information.

Policies and Announcements

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

Stimuli to the Revision Process

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

Nomenclature

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

Index

Cumulative directory for the content of all issues of PF beginning with PF 29(1).

Reference Standards Catalog

List of official USP Reference Standards specified in USP–NF, along with availability and ordering information.

Chromatographic Reagents Used in USP–NF and Pharmacopeial Forum

Update of chromatographic reagents based on the proposals published in this issue of PF.
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EXPERT COMMITTEE DESIGNATIONS*

The names of the Committees and their abbreviations are as follows:

AER Aerosols

AMB Analytical Microbiology

BBP Blood and Blood Products

BNA Bioavailability and Nutrient Absorption

BNT Biotechnology and Natural Therapeutics and Diagnostics

BPC Biopharmaceutics

BST Biostatistics

CRX Compounding Pharmacy

DSB Dietary Supplements—Botanicals

DSN Dietary Supplements—Non-Botanicals

EMC Excipient Monograph Content{

ESC Excipients—Substances and Characterization{

ETM Excipients—Test Methods

GCT Gene Therapy, Cell Therapy, and Tissue Engineering

GTB General Toxicity and Biocompatibility

NL Nomenclature and Labeling

PA1 Pharmaceutical Analysis 1

PA2 Pharmaceutical Analysis 2

PA3 Pharmaceutical Analysis 3

PA4 Pharmaceutical Analysis 4

PA5 Pharmaceutical Analysis 5

PA6 Pharmaceutical Analysis 6

PA7 Pharmaceutical Analysis 7—Antibiotics

PDF Pharmaceutical Dosage Forms

PPC Parenteral Products—Compounding and Preparation

PPI Parenteral Products—Industrial

PSD Packaging, Storage, and Distribution

PW Pharmaceutical Waters

RMI Radiopharmaceuticals and Medical Imaging

SMU Safe Medication Use

VET Veterinary Drugs

VVI Vaccines, Virology, and Immunology

* HDQ Indicates USP Headquarters items.
{
The Expert Committee has been renamed. The old name, Excipients—Substances and Characterization (ESC) has been changed to Excipient Monograph Content (EMC).

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
578 HOW TO USE PF Vol. 29(3) [May–June 2003]

H
ow

to
U

se
P

F



STAFF DIRECTORY

This is an updated directory that reflects assignment changes based on the reorganization of USP. The general USP tele-

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

number is (301) 816-8373.

STAFF E-MAIL PHONE ASSIGNMENT

Clydewyn M. Anthony,
Senior Scientific Associate

cma@usp.org (301) 816-8139 Pharmaceutical Analysis 1
(PA1)

Frank P. Barletta, Consultant fpb@usp.org (301) 816-8328 Pharmaceutical Waters (PW)

Charles H. Barnstein, Consultant chbarnstein@
email.msn.com

(301) 774-9457 Nomenclature and Labeling
(NL)

Lokesh Bhattacharyya, Senior
Scientist

lb@usp.org (301) 816-8201 Blood and Blood Products
(BBP); Vaccines, Virology,
and Immunology (VVI)

Barbara A. Bowman,
Manager, Administrative
Services

bab@usp.org (301) 816-8278 USP Correspondence

William E. Brown, Scientist web@usp.org (301) 816-8380 Biopharmaceutics (BPC);
Biostatistics (BST)

Evelyn Bryant, Manager,
Editorial Services

eb@usp.org (301) 816-8302

Todd L. Cecil, Director,
General Policies and
Requirements

tlc@usp.org (301) 816-8234

Roger Dabbah, Director,
Complex Actives

rd@usp.org (301) 816-8336

Behnam Davani, Scientist bd@usp.org (301) 816-8394 Pharmaceutical Analysis
7—Antimicrobial
and Antivirals (PA7b)

Ian F. DeVeau, Senior Scientist ifd@usp.org (301) 816-8178 Cell Therapy, Gene
Therapy and Tissue
Engineering (CGT);
Veterinary Products
and Natural Products
Monographs

Lawrence Evans, Senior
Scientific Associate

le@usp.org (301) 816-8389 Pharmaceutical Analysis
6 (PA6); Dietary Supple-
ments—Non-Botanicals
(DSN)

L. Valentin Feyns, Director,
Reference Standards
Evaluation

lvf@usp.org (301) 816-8121 USP Reference Standards

John W. Gasper, Director,
Executive Secretariat

jg@usp.org (301) 816-8241 General Issues

Gabriel I. Giancaspro, Senior
Scientist and Latin American
Liaison

gig@usp.org (301) 816-8343 Dietary Supplements—Botani-
cals (DSB); Dietary
Supplements— Bioavail-
ability and Nutrient
Absorption (BNA)

Elena Gonikberg, Scientist eg@usp.org (301) 816-8251 Pharmaceutical Analysis 4
(PA4)
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STAFF E-MAIL PHONE ASSIGNMENT

James W. Kelly, Scientist jwk@usp.org (301) 816-8167 Pharmaceutical Analysis 2
(PA2); Parenteral Products—
Industrial (PPI)

Justin J. Lane, Senior Scientific
Associate

jl@usp.org (301) 816-8323 Excipients—Test Methods
(ETM)

Anju K. Malhotra, Manager,
Conferences and Meetings

akm@usp.org (301) 816-8346 USP Conferences and
Meetings

Ronald G. Manning, Vice
President, Standards
Operations

rgm@usp.org (301) 816-8562

Margareth R. Marques, Scientist
and Latin American Liaison

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

Alan W. Nichols, Director,
Reference Standards
Production

awn@usp.org (301) 816-8321 USP Reference Standards

Claudia C. Okeke, Associate
Director

cco@usp.org (301) 816-8243 Compounding Pharmacy
(CRX); Parenteral Products—
Compounding and Prepara-
tion (PPC); Packaging,
Storage, and Distribution
(PSD)

W. Larry Paul, Scientific Fellow wlp@usp.org (301) 816-8331 Nomenclature and Labeling
(NL); Pharmaceutical
Dosage Forms
(PDF)

Horacio Pappa, Scientist hp@usp.org (301) 816-8319 Pharmaceutical Dosage Forms
(PDF)

David A. Porter, Associate
Director

dap@usp.org (301) 816-8225 Analytical Microbiology (AMB);
Biotechnology and Natural
Therapeutics and Diagnostics
(BNT); General Toxicity and
Biocompatibility (GTB)

David B. Roll, Director,
Dietary Supplements

dbr@usp.org (301) 816-8316

Karen A. Russo, Scientist kar@usp.org (301) 816-8379 Pharmaceutical Analysis 1
(PA1); Excipient New
Monograph Development

Jennifer Salguero, Scientist jxs@usp.org (301) 816-8371 Dietary Supplement Information

Salvador Salado, Scientist and
Latin American Liaison

ss@usp.org (301) 816-8165 Pharmaceutical Analysis 3
(PA3)

Stefan P. Schuber, Director,
Information and
Administration

sps@usp.org (301) 816-8551

Catherine M. Sheehan, Senior
Scientific Associate

cxs@usp.org (301) 816-8262 Excipient Monograph Content
(EMC)

Eric B. Sheinin, Vice President,
Information and Standards
Development

es@usp.org (301) 816-8103

Andrzej Wilk, Senior Scientific
Associate

aw@usp.org (301) 816-8305 Pharmaceutical Analysis 5
(PA5); Radiopharmaceuticals
and Medical Imaging (RMI)
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STAFF E-MAIL PHONE ASSIGNMENT

William W. Wright, Scientific
Fellow

www@usp.org (301) 816-8335 Pharmaceutical Analysis 7—
Antibiotics (PA7a)

Kahkashan Zaidi,
Scientist

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

In this section, readers may find statements about general scientific and policy issues that may have an impact on USP–NF

standards and processes, announcements about issues being considered by USP, and summaries of Council of Experts meet-

ings. This section also includes publication and comment schedules.



CORRESPONDENCE ADDRESS CORRECTION

In order to respond to the Stimuli article ‘‘Review of the

Media Selection and Incubation Conditions for the Com-

pendial Sterility and Microbial Limit Tests,’’ published in

Pharmacopeial Forum, Vol. 28(6) [Nov.–Dec. 2002], page

2034, correspondence should be addressed to David A. Por-

ter, 12601 Twinbrook Parkway, Rockville, MD 20852;

email: DAP@usp.org. David A. Porter is Staff Liaison to

the Expert Committee on Analytical Microbiology. Corre-

spondence should not be sent to Anthony M. Cundell,

Ph.D. at Wyeth-Ayerst Pharmaceuticals, as we originally

published.

NEW ADMISSION CRITERIA FOR DIETARY SUP-

PLEMENTS

Since 1995, selection and prioritization of dietary supple-

ments for admission to the USP–NF was based upon several

factors that continue to guide both the Expert Committee on

Non-Botanicals and the Expert Committee on Botanicals

during the current revision cycle. These factors are:

1. Extent of use, based upon market sales or other factors

2. Historical use

3. Knowledge of chemical composition

4. Existence of other pharmacopeial standards

5. Evidence of benefit

6. Interest from a governmental body

7. Absence of significant safety risk associated with its use.

Because safety was a significant concern, the Scope Com-

mittee was established in 1995 to analyze safety evidence to

determine whether or not an article should be admitted to the

USP–NF. The Scope Committee ceased to exist with the

2000 Revision Cycle, and the newly formed Dietary Sup-

plements Information Expert Committee assumed responsi-

bility for safety evaluation.

The Dietary Supplement Information Expert Committee has

developed the following criteria for consideration of articles

proposed for placement in the USP–NF:

1. Human data: safety studies, clinical studies, postmarketing
surveillance, adverse events, interactions, publicly available
data (taking into account issues on phytoequivalency)

2. Pharmacological data: reproductive toxicity, experimental an-
imal studies, pharmacokinetics, therapeutic index, presence of
toxic constituents

3. Contemporaneous extent of use globally and in the U.S.: mis-
use and abuse

4. Historical use

In addition, the Committee identified the following two fac-

tors as important for safety evaluations:

1. Regulatory status in the U.S. and other countries, which could
include regulatory actions, OTC status, GRAS status, etc.;
and

2. Existence of official Pharmacopeial monographs.

After evaluating the above criteria and factors, and based

upon the information contained in the materials reviewed,

it was proposed that the Committee would recommend the

inclusion of a given article into one of the following classes:

Class 1. Articles for which the Committee is unaware of significant
safety issues present, when the article is used and formulated
appropriately, that would prohibit a monograph being devel-
oped.

Class 1a. Articles for which the Committee is aware of limited hu-
man scientific data concerning safety of the article, but is una-
ware of significant safety issues present, when the article is
used and formulated appropriately, that would prohibit a
monograph being developed.

Class 2. Articles for which the Committee is unaware of significant
safety issues present, when the article is used and formulated
appropriately, that would prohibit a monograph being devel-
oped, provided there is a warning statement in the labeling
section.

Class 3. Articles for which the Committee is aware of significant
safety issues present that would prohibit a monograph being
developed.

The Council of Experts Executive Committee recently ap-

proved this approach to dealing with safety issues of dietary

supplements proposed for USP–NF. Current placement in

the USP requires the article to have either an FDA-approved

or USP DI accepted use; otherwise the article will appear in

the NF. Thus, articles falling within Class 1 or Class 1a

would be placed in the USP or NF; articles falling within

Class 2 would also be placed in the USP or NF, but would

require a warning statement in the labeling section; and ar-

ticles that fall within Class 3 would not be admitted to either

the USP or the NF because of significant safety issues.

However, the Executive Committee of the Council of Ex-

perts has recently approved changing the name of the ‘‘Nu-

tritional Supplements’’ chapter of USP to ‘‘Dietary

Supplements.’’ Beginning with USP 27–NF 22, all mono-

graphs for dietary supplements will appear in this new

USP section. For an article that is both a drug ingredient

and an ingredient of a dietary supplement, the main mono-

graph will reside either in USP for pharmaceutical actives or

in NF for excipients, but will be cross-referenced in the

Dietary Supplements section.
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PHARMACOPEIAL EDUCATION COURSES. USP’s Phar-
macopeial Education series has been developed to enhance
the knowledge, skills, and expertise of pharmaceutical in-
dustry personnel.

The following list indicates tentatively scheduled course

dates. For further information, contact Barbara B. Hubert,

Director, Pharmacopeial Education, BBH@usp.org, 301-

816-8333, or Diana Lenahan, Program Associate, DPL@

usp.org, 301-816-8530. Call 301-816-8530 to get informa-

tion on custom courses offered at USP or at your site.

Calendar of Pharmacopeial Education Courses, 2003

Date Name of course Location

May 1 and 2 Fundamentals of Dissolution USP Headquarters, Rockville, MD

May 14 Standards 100: Fundamentals of the Use of USP–
NF and the Standards Development Process

USP Headquarters, Rockville, MD

May 15 Standards 101: Advanced Use ofUSP–NF, General
Notices, and Monograph Chapters

USP Headquarters, Rockville, MD

May 19 and 20 Fundamentals of Titration USP Headquarters, Rockville, MD

June 9 and 10 Fundamentals of Dissolution USP Headquarters, Rockville, MD

June 18 Fundamentals of Microbiological Testing USP Headquarters, Rockville, MD

July 14 and 15 Fundamentals of Dissolution USP Headquarters, Rockville, MD

July 23 Analytical Method Validation USP Headquarters, Rockville, MD

August 11 and 12 Fundamentals of Dissolution USP Headquarters, Rockville, MD

August 20 Standards 100: Fundamentals of the Use of USP–
NF and the Standards Development Process

USP Headquarters, Rockville, MD

August 21 Standards 101: Advanced Use ofUSP–NF, General
Notices, and Monograph Chapters

USP Headquarters, Rockville, MD

September 15 and 16 Fundamentals of Dissolution USP Headquarters, Rockville, MD

September 18 Fundamentals of Microbiological Testing USP Headquarters, Rockville, MD

September 24 Fundamentals of Titration USP Headquarters, Rockville, MD

October 8 Analytical Method Validation USP Headquarters, Rockville, MD

October 20 and 21 Fundamentals of Dissolution USP Headquarters, Rockville, MD

November 17 and 18 Fundamentals of Dissolution USP Headquarters, Rockville, MD

December 8 Standards 100: Fundamentals of the Use of USP–
NF and the Standards Development Process

USP Headquarters, Rockville, MD

December 9 Standards 101: Advanced Use ofUSP–NF, General
Notices, and Monograph Chapters

USP Headquarters, Rockville, MD

December 15 and 16 Fundamentals of Dissolution USP Headquarters, Rockville, MD
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VISIT THE USP WEB SITE AT hhttp://www.usp.orgi.
Various resources related to Pharmacopeial standards are
presented, including highlights from PF.

USP–NF AVAILABLE IN THREE ELECTRONIC

FORMATS. The trusted reference for official pharmaceu-

tical standards is available in three convenient electronic

formats—CD, intranet, and online. The CD is ideal for sin-

gle users who prefer to have USP–NF on their hard drives.

The intranet format allows Web browser-based access to

multiple users within a company, through their own intranet

server. The online format can be accessed by individual re-

gistered users through the World Wide Web. All three elec-

tronic formats provide fast and easy access to official USP–

NF content. More information can be obtained by visiting

www.usp.org/products or by calling USP’s Customer Ser-

vice Department at 1-800-227-8772 or 301-881-0666.

CHROMATOGRAPHIC REAGENTS NOW AVAILABLE.

Chromatographic Reagents lists the brand names of the col-
umn reagents cited in every proposal for new or revised gas-
or liquid-chromatographic test methods that have been pub-
lished in Pharmacopeial Forum (PF) since 1980. Chroma-
tographic Reagents also helps to track which column
reagents were used to validate methods that have become
official and are included in USP–NF. The branded column
reagents list is updated bimonthly through Pharmacopeial
Forum. Chromatographic Reagents can be ordered by call-
ing USP’s Customer Service Department at 1-800-227-8772
or 301-881-0666.

INTERNATIONAL CORRESPONDENCE. Individuals

who wish to correspond with the European and Japanese

Pharmacopoeias concerning monographs in the Official In-

quiry and Consensus stages of international harmonization

should address their comments to the coordinating pharma-

copeia for a given article. The addresses for the European

and Japanese Pharmacopoeias are as follows:

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

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

HOW TO SUBMIT COMMENTS. The USP welcomes

and encourages interested parties to submit comments and

data regarding potential, proposed, or adopted (official)

standards. Submissions concerning a particular item that

has appeared in a PF should be submitted to the appropriate

USP scientific staff liaison identified at the end of the Brief-

ing accompanying each item. To submit comments and data

to a liaison, use the e-mail address and telephone numbers

listed in the Staff Directory included in every PF.

Please note that USP–NF is being published in an annual

edition with one main book and two Supplements a year.

In addition, the following schedule will repeat every year

so that users will know what to expect and become familiar

with the deadlines.

The publication and comment schedule for USP 27–NF 22

is as follows:

Comment Deadline Publication Date Official Date

Main Book May 15, 2003 November 2003 January 2004

Supplement One October 15, 2003 February 2004 April 2004

Supplement Two February 17, 2004 June 2004 August 2004

In the future, USP anticipates including the comment sub-

mission deadline in each briefing of every revision proposal

when it is published for public review and comment.

For general inquiries or in cases where a particular liaison is

not identified, use the general USP telephone number 301-

881-0666 or FAX number 301-816-8373.
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All official revisions are published in Supplements to USP–NF (twice yearly). Between Supplements, official revisions are

published in PF in the Interim Revision Announcement; these revisions are also incorporated in the upcoming Supplement.

The electronic version of USP–NF is updated as each Supplement becomes available and, therefore, contains all official text

up to and including the contents of the latest Supplement.

PUBLICATION SCHEDULES

Publication Publication Date Official Date

1st Supplement Feb. 2003* Apr. 1, 2003*

PF 29(2) [Mar.–Apr. 2003] Mar. 2003* Not Applicable

2nd IRA [published in PF 29(2)] Mar. 2003* Apr. 1, 2003*

PF 29(3) [May–June 2003] May 2003* Not Applicable

3rd IRA [published in PF 29(3)] May 2003* June 1, 2003*

2nd Supplement June 2003* Aug. 1, 2003*

PF 29(4) [July–Aug. 2003] July 2003* Not Applicable

4th IRA [published in PF 29(4)] July 2003* Aug. 1, 2003*

PF 29(5) [Sept.–Oct. 2003] Sept. 2003* Not Applicable

5th IRA [published in PF 29(5)] Sept. 2003* Oct. 1, 2003*

PF 29(6) [Nov.–Dec. 2003] Nov. 2003* Not Applicable

6th IRA [published in PF 29(6)] Nov. 2003* Dec. 1, 2003*

* Tentative
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INTERIM REVISION
ANNOUNCEMENT

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

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

stated on the next page.)

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

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

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

&,

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

panied by a number that indicates the IRA or Supplement in which the revision first appeared. For example, .2 indicates that

the revision was officially adopted in the Second Interim Revision Announcement, and &2S (USP 26) indicates that the revision

was officially adopted in the Second Supplement to USP 26.

Errata—At the end of the Interim Revision Announcement section is a list of errata and corrections to USP 26–NF 21. The

page number indicates where the item is found inUSP 26–NF 21. If necessary, this list will be updated with every issue of PF.

This information will also be cumulative in the next available annual edition or Supplement. Errata are considered to be items

erroneously published that have not received the approval of the Council of Experts and that do not reflect the official re-

quirement.
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THIRD INTERIM REVISION
ANNOUNCEMENT

to USP 26 and to NF 21

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

Larry L. Braden, Chair
USP Board of Trustees

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

John W. Gasper, Director, Executive Secretariat

Official June 2, 2003. Released May 1, 2003.

All inquiries and comments regarding USP 26 text and NF 21 text should be addressed to the Executive Secretariat,

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

The following USP Reference Standards, which were in-

dicated in past Supplements to USP–NF as being not yet

available, have since become available. Thus, the official

date of each USP 26 or NF 21 standard, test, or assay requir-

ing the use of the following Reference Standards is indi-

cated individually in this list.

USP Alendronate Sodium RS (November 1, 2003)
USP Aminopentamide Sulfate RS (September 1, 2003)
USP Amitraz RS (November 1, 2003)
USP Powdered Asian Ginsing Extract RS (September 1, 2003)
USP Atracurium Besylate RS (July 1, 2003)
USP Brinzolamide RS (November 1, 2003)
USP Brinzolamide Related Compound A RS (November 1, 2003)
USP Brinzolamide Related Compound B RS (November 1, 2003)
USP Cetyl Palmitate RS (November 1, 2003)
USP Chondroitin Sulfate Sodium RS (September 1, 2003)
USP Clozapine RS (November 1, 2003)
USP Desogestrel RS (September 1, 2003)
USP Desogestrel Related Compound A RS (September 1, 2003)
USP Desogestrel Related Compound B RS (September 1, 2003)
USP Desogestrel Related Compound C RS (September 1, 2003)
USP Dextran Vo Marker RS (September 1, 2003)
USP Dextran 4 Calibration RS (November 1, 2003)
USP Dextran 10 Calibration RS (November 1, 2003)
USP Dextran 40 Calibration RS (November 1, 2003)
USP Dextran 70 Calibration RS (November 1, 2003)
USP Dextran 250 Calibration RS (November 1, 2003)
USP Diloxanide Furoate RS (November 1, 2003)
USP Dinoprostone RS (November 1, 2003)
USP Dorzolamide RS (November 1, 2003)
USP Emedastine Difumarate RS (November 1, 2003)
USP Ethinyl Estradiol Related Compound A RS (November 1,

2003)
USP Etoposide Resolution Mixture RS (July 1, 2003)
USP Felodipine Related Compound A RS (July 1, 2003)
USP Gadoteridol Related Compound B RS (July 1, 2003)
USP Gadoteridol Related Compound C RS (July 1, 2003)
USP Glutamic Acid RS (November 1, 2003)
USP Glutamine RS (September 1, 2003)
USP Glycyrrhizic Acid RS (November 1, 2003)
USP Hydroxypropyl Betadex RS (September 1, 2003)
USP Iodixanol RS (September 1, 2003)
USP Iodixanol Related Compound C RS (July 1, 2003)
USP Iodixanol Related Compound D RS (July 1, 2003)
USP Iodixanol Related Compound E RS (July 1, 2003)
USP Lansoprazole RS (November 1, 2003)
USP Lansoprazole Related Compound A RS (November 1, 2003)
USP Letrozole RS (July 1, 2003)
USP Lovastatin Related Compound A RS (July 1, 2003)
USP Lynestrenol RS (September 1, 2003)
USP Powdered Milk Thistle Extract RS (November 1, 2003)
USP Milrinone RS (November 1, 2003)
USP Milrinone Related Compound A RS (November 1, 2003)
USP Monensin Sodium RS (September 1, 2003)
USP Paroxetine Hydrochloride RS (September 1, 2003)
USP Pentoxifylline RS (July 1, 2003)
USP Poloxalene RS (November 1, 2003)
USP Repaglinide RS (September 1, 2003)

USP Repaglinide Related Compound A RS (September 1, 2003)
USP Repaglinide Related Compound B RS (September 1, 2003)
USP Repaglinide Related Compound C RS (September 1, 2003)
USP Tiletamine Hydrochloride RS (November 1, 2003)
USP Triclosan RS (July 1, 2003)
USP Tylosin RS (November 1, 2003)
USP Zalcitabine Related Compound A RS (July 1, 2003)
USP Zileuton Related Compound A RS (November 1, 2003)
USP Zileuton Related Compound B RS (November 1, 2003)
USP Zileuton Related Compound C RS (November 1, 2003)

The official dates of anyUSP 26 or NF 21 standards, tests,

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

erence Standards are postponed until further notice pending

availability of the respective Reference Standards.

USP Alteplase RS
USP Amiloxate RS
USP Positive Bioreaction RS
USP Cefpiramide RS
USP Cinoxate RS
USP Decoquinate RS
USP Desflurane RS
USP Desflurane Related Compound A RS
USP Dextran 40 RS
USP Dextran 70 RS
USP Diethylstilbestrol Diphosphate RS
USP Enalapril Related Compound B RS
USP Enzacamene RS
USP Fludeoxyglucose RS
USP Ginseng Extract RS
USP Gonadorelin Hydrochloride RS
USP Hypericin RS
USP Lactase RS
USP Menotropins RS
USP Methyldopa–Glucose Reaction Product RS
USP Mibolerone RS
USP Narasin RS
USP Ondansetron Hydrochloride RS
USP Ondansetron Related Compound A RS
USP Ondansetron Related Compound B RS
USP Ondansetron Related Compound C RS
USP Ondansetron Related Compound D RS
USP Oxfendazole RS
USP Potassium Perchlorate RS
USP Pyrethrum Extract RS
USP Sargramostim RS
USP Sulisobenzone RS
USP D8-tetrahydrocannabinol RS
USP D9-tetrahydrocannabinol RS
USP Thiacetarsamide RS
USP Tilmicosin RS
USP Tinidazole RS
USP Tinidazole Related Compound A RS
USP Tinidazole Related Compound B RS
USP Trenbolone RS
USP Trenbolone Acetate RS
USP Powdered Valerian RS
USP Vasopressin RS
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NOTICE OF POSTPONEMENT

The following revision to the Atracurium Besylate Injection monograph,
published in the First Supplement to USP 26–NF 21 and originally meant
to become official on April 1, 2003, has been postponed indefinitely: The
USP has postponed the official date for the limit for ‘‘other known impurities’’
in the Related compounds test. This postponement is to accommodate ap-
proved products on the market that cannot meet the requirement.

The Expert Committee is reviewing a new proposal to reflect the approved
composition. The USP intends to publish this revised acceptance criteria in a
future number of Pharmacopeial Forum for public review and comment.

Atracurium Besylate Injection

Change to read:
Related compounds—

Buffer solution, Solution A, Solution B, Mobile phase, and
Standard preparation—Proceed as directed in the Assay under
Atracurium Besylate.
System suitability solution—Heat a portion of the Standard prep-

aration at 908 for 30 minutes, and chill immediately to about 58.
Diluted standard preparation—Dilute a portion of the Standard

preparation quantitatively, and stepwise if necessary, with Solution
A to obtain a solution having a known concentration of about 0.02
mg per mL.
Test preparation—Use the Assay preparation.
Chromatographic system—Prepare as directed for Chromato-

graphic system in the Assay. Chromatograph the System suitability
solution and the Diluted standard preparation, record the chroma-
tograms, and measure the responses for the degradation products
by comparing the peak responses of the System suitability solution
to those of the Diluted standard preparation as directed for Proce-
dure: the retention times relative to the atracurium besylate cis-cis-
isomer are about 0.22 for the acidic compound, 0.29 for laudano-
sine, 0.44 and 0.50 for the trans- and cis-isomers, respectively, of
the hydroxy compound, and about 1.28 and 1.33 for the trans- and
cis-isomers, respectively, of the monoacrylate.

Procedure—Separately inject equal volumes (about 20 mL) of
the Diluted standard preparation and the Test preparation into
the chromatograph, record the chromatograms, and measure the
peak responses, except the peak due to benzenesulfonic acid occur-
ring at a retention time of about 0.08 relative to the atracurium be-
sylate cis-cis-isomer. Calculate the percentage of each impurity in
the portion of Test preparation taken by the formula:

100(C/M)(ri/rs),

in which C is the concentration, in mg per mL, of USPAtracurium
Besylate RS in the Diluted standard preparation; M is the concen-
tration of atracurium besylate, in mg per mL, in the Test prepara-
tion; ri is the peak response for each impurity obtained from the
Test preparation; and rs is the sum of the responses of all the peaks
obtained from the Diluted standard preparation: not more than
6.0% of the acidic compound, not more than 6.0% of the combined
cis- and trans-isomers of the hydroxy compound, not more than
3.0% of laudanosine, and not more than 3.0% of the combined
cis- and trans-isomers of the monoacrylate .and not more than
0.5% of other known impurities.3 is found; not more than 0.1%
of any other impurity is found; and not more than 15.0% of total
impurities is found.

.(Postponed Indefinitely).3
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GENERAL CHAPTERS

General Tests and Assays

h11i USP REFERENCE
STANDARDS

Change to read:
USP Anthralin RS—.Do not dry before using..3 Keep container
tightly closed and store in a cool place. Protect from light.

Change to read:
USP Buspirone Hydrochloride RS—Do not dry. .After opening,
store in a dessicator..3 Keep container tightly closed and protected
from light. .Store in a refrigerator..3

Change to read:
USP 3-tert-Butyl-4-hydroxyanisole RS (C11H16O2 180.25)—
Do not dry before using. Keep container tightly closed. .Store in a
cool place. Protect from light..3

Change to read:
USP Daunorubicin Hydrochloride RS—Do not dry before
using. .For quantitative applications, determine the water content
titrimetrically at the time of use..3 Keep container tightly closed.
Protect from light. Store in a freezer. Allow to equilibrate to room
temperature before opening.

Change to read:
USP Doxylamine Succinate RS—.Do not dry..3 Keep container
tightly closed. Protect from light.

Change to read:
USP Edetate Calcium Disodium RS—Do not dry before using.
.This material is hygroscopic..3 Keep container tightly closed.
.Store in a refrigerator..3

Change to read:
USP Idarubicin Hydrochloride RS—Do not dry before using.
Keep container tightly closed and store in a cold place. .Store in
a freezer..3

Change to read:
USP Idoxuridine RS—.Do not dry before using..3 Keep con-
tainer tightly closed. Protect from light.

Change to read:
USP Lansoprazole RS (C16H14F3N3O2S 369.36)—Do not dry.
.Keep container tightly closed. Protect from light. Store in a cold
place..3

Change to read:
USP Lansoprazole Related Compound A RS [2-[[[3-methyl-4-
(2,2,2-trifluoroethoxy)-2-pyridyl]methyl]sulfonyl]bezimidazole]
(C16H14F3N3O3S 385.36)—Do not dry. .Keep container tightly
closed. Protect from light. Store in a cold place..3

Change to read:
USP Lovastatin Related Compound A RS [butanoic acid, 2-
methyl-, 1,2,3,4,4a,7,8,8a-octahydro-3,7-dimethyl-8-[2(tetrahy-
dro-4-hydroxy-6-oxo-2H-pyran-2-yl)-ethyl]-1-naphthalenyl ester,
[1S-[1a(R*),3a ,7b,8b(2S*,4S*),-8ab]]-] (C24 H38O5

406.56)—Do not dry. .This material is hygroscopic. Keep con-
tainer tightly closed. Protect from light. Store in a refrigerator..3

Change to read:
USP Melphalan Hydrochloride RS—Do not dry before using.
.
.3 Keep container tightly closed and protected from light. .Store
in a refrigerator..3

Change to read:
USP Pyrilamine Maleate RS—.Do not dry..3 Keep container
tightly closed. Protect from light.

Change to read:
USP Sulfapyridine RS—.Do not dry..3 Keep container tightly
closed. Protect from light.
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ERRATA

Following is a list of errata and corrections to USP 26–NF 21. The page number indicates where the item is found in USP 26–NF 21. If
necessary, this list will be updated with every issue of PF. This information will also be cumulative in the next available annual edition or
Supplement. Errata are considered to be items erroneously published that have not received the approval of the Council of Experts and that
do not reflect the official requirement.

Page Title Section Description

154 Amprolium Oral Solution Assay Line 3 under Chromatographic system: Change ‘‘L13’’ to:
L11

370 Cefotaxime Sodium Assay Line 1 under Solution A: Change ‘‘0.05 M Phosphate’’ to:
0.05 M Phosphate buffer; line 1 under Solution B: Change
‘‘0.05 M Phosphate’’ to: 0.05 M Phosphate buffer

616 Digoxin Tablets Dissolution Revert to the official text as published in USP 25, page
573, reprinted on the following page for clarity.

836 Furazolidone Tablets Assay Line 19: Change ‘‘12.5(C / V)(AU /AS),’’ to: 12.5 C(AU /
AS),

1144 Melphalan Tablets Dissolution Lines 5 and 6 under Procedure: Change ‘‘USP Melphalan
RS’’ to: USP Melphalan Hydrochloride RS

1238 Minocycline Hydrochloride Assay Line 4 under Chromatographic system: Change ‘‘L1’’ to:
L1, and is maintained at a constant temperature of about
408.

1335 Norgestimate Assay Line 21 of the Procedure: Change ‘‘UZ to UE.’’ to: UE to
UZ.

1469 Extended Phenytoin
Sodium Capsules

Dissolution Line 4 under Test 3: Change ‘‘Apparatus 2’’ to: Apparatus
1

1569 Propoxyphene
Hydrochloride

Related compounds Line 3 under Related compounds standard solution:
Change ‘‘20 mL’’ to: 2 mL

1573 Propoxyphene Napsylate Related compounds Line 3 under Related compounds standard solution:
Change ‘‘20 mL’’ to: 2 mL

1870 Triamterene Limit of 2,4,6-triamino-
5-nitrosopyrimidine

Line 1 under Mobile phase: Change ‘‘0.01 N’’ to: 0.01 M

2055 h211i Arsenic Apparatus Line 6: Change the formula

to the Arsenic Test Apparatus drawing:

3005 h11i USP Reference
Standards

USP Metoprolol
Related Compound C RS

Change ‘‘[(+)4-(2-hydroxy-3-[(1-methylethylaminopro-
pyl)benzaldehyde]’’ to: [(+)4-[2-Hydroxy-3-(1-meth-
ylethyl)aminopropyl]benzaldehyde]
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Page Title Section Description

3005 h11i USP Reference
Standards

USP Metoprolol
Related Compound D RS

Change ‘‘[(+)1,1’-bis[(1-methylethylamino)bis[3-[4-(2-
methoxyethyl)phenoxy]-propan-2-ol, butandioate (2:1)]
((C27H41NO6)2 �C4H6O4 1069.32)’’ to: [(+)N,N-bis[2-
hydroxy-3[4-(2-methoxyethyl)phenoxy]propyl](1-meth-
ylethyl)amine] (C27H41NO6 475.62)

Digoxin Tablets

Dissolution h711i—[NOTE—Throughout this procedure, use scru-
pulously clean glassware, which previously has been rinsed suc-
cessively with hydrochloric acid, water, and alcohol, and
carefully dried. Take precautions to prevent contamination from
fluorescent particles and from metal and rubber surfaces].
Medium: 0.1 N hydrochloric acid; 500 mL. [NOTE—Use the

same batch of Dissolution Medium throughout the test].
Apparatus 1: 120 rpm.
Time: 60 minutes.
Ascorbic acid-methanol solution—Prepare a solution containing

2 mg of ascorbic acid per mL of methanol.
Hydrogen peroxide-methanol solution—On the day of use, di-

lute 2.0 mL of recently assayed 30 percent hydrogen peroxide with
methanol to 100 mL. Store in a refrigerator. Just prior to use, dilute
2.0 mL of this solution with methanol to 100 mL.
Standard solutions—Transfer about 25 mg of USP Digoxin RS,

accurately weighed, to a 500-mL volumetric flask. Dissolve in a
minimum amount of alcohol, add dilute alcohol (4 in 5) to volume,
and mix. Dilute 10.0 mL of this solution with dilute alcohol (4 in 5)
to 100.0 mL, and mix. Just prior to use, dilute suitable aliquots of
the resulting solution with Dissolution Medium to 50.0 mL to pre-
pare Standard solutions equivalent to 20%, 40%, 60%, 80%, and
100%, respectively, of the labeled amount of digoxin in 500 mL.
Test solution—Promptly after withdrawal, pass a portion of the

solution under test through a filter having a 0.8-mm or finer por-
osity, discarding the first 10 mL of the filtrate. This is the Test solu-
tion.
Procedure—Transfer to individual glass-stoppered flasks dupli-

cate 1.0-mL portions of the Test solution, 1.0-mL portions of each
of the Standard solutions, and 1.0 mL of the Dissolution Medium

to provide a blank. Begin with the Standard solutions, and keep all
flasks in the same sequence throughout, so that the elapsed time
from addition of reagents to reading of fluorescence is the same
for each flask in the set. Treating one flask at a time, add the fol-
lowing three reagents, in the order named, in as rapid a sequence as
possible, swirling after each addition: 1.0 mL of Ascorbic acid-
methanol solution, 5.0 mL of hydrochloric acid, and 1.0 mL of Hy-
drogen peroxide-methanol solution. Insert the stoppers in the
flasks, and after 2 hours, measure the fluorescence at about 485
nm, the excitation wavelength being about 372 nm. To check the
stability of the fluorometer, repeat the measurement of fluorescence
on one or more treated Standard solutions. Correct each reading for
the blank, and plot a standard curve of fluorescence versus percen-
tage dissolution. Determine the percentage dissolution of digoxin
in the Test solution by reading from the standard graph.
Tolerances—Not less than 80% (Q) of the labeled amount of

C41H64O14 is dissolved in 60 minutes. The requirement is met if
the quantities dissolved from the Tablets tested conform to the ac-
companying acceptance table instead of the table shown underDis-
solution h711i.

Acceptance Table

Stage

Number
Tested

Acceptance
Criteria

S1 6 Each unit is not less than Q + 5%.
S2 6 Average of 12 units (S1 + S2) is equal

to or greater than Q, and no unit is less
than Q – 5%.
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IN-PROCESS REVISION
This section contains proposals for adoption as official USP or NF standards (either proposed new standards or proposed

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

Pharmacopeial Previews and are now formally proposed as revisions; (2) proposed revisions placed directly under In-Pro-

cess Revision; or (3) modifications of revisions previously proposed under In-Process Revision. Readers should review ma-

terial in this section and provide comments to the staff liaison (use the Staff Directory to find the contact information).

Information on how to comment is found in the Policies and Announcements section. It is important to send comments

promptly so that the Committee members can consider readers’ input as they are deciding whether to advance standards

to official status.

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

BRIEFING

Name of Item, citations of the most recent USP publications in which this item appeared. Rationale for the
revision. Other relevant information. (For example, if a chromatographic method is being proposed, column
specifications and retention times for compounds of interest.) Finally, the Committee designation (see How to
Use PF), the name of the scientific staff liaison who handled the particular issue, and USP tracking correspon-
dence number, as shown in the example below:
(PA5: K. Russo) RTS—55678-1

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

follows, and is enclosed in symbols and set off from the current official text by a paragraph break and by larger type, thus:

.new text.

if slated for an Interim Revision Announcement to USP 26–NF 21 (IRA), thus:

~

new text
~USP27

if slated for USP 27–NF 22, and thus:

&new text&

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

increase in type size indicate recent revisions that are already official. Where the symbols appear together with no enclosed

text, such as . . or
&

& or
~

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

closing symbol is accompanied by an identifier that indicates the particular IRA or Supplement or indicates the USP or NF as

the publication where the revision will appear if approved. For example, .2 indicates that the revision is proposed for the

Second Interim Revision Announcement, and &2S (USP 27) indicates that the proposed revision is slated for the Second Supple-

ment to USP 27, and
~USP27 and ~NF22 indicate that the revisions are proposed for USP 27 and NF 22, respectively.

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

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

revision becomes official.
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MONOGRAPHS (USP)

BRIEFING

Acetaminophen and Codeine Phosphate Capsules, USP 26
page 33 and page 2496 of PF 27(3) [May–June 2001]; Aceta-
minophen and Codeine Phosphate Oral Solution, USP 26 page
34 and page 2497 of PF 27(3) [May–June 2001]; Acetaminophen
and Codeine Phosphate Oral Suspension, USP 26 page 35 and
page 2497 of PF 27(3) [May–June 2001]; Acetaminophen and
Codeine Phosphate Tablets, USP 26 page 35 and page 2940 of
the First Supplement;Amiloride Hydrochloride and Hydro-
chlorothiazide Tablets, USP 26 page 115 and page 2941 of the
First Supplement;Amoxicillin and Clavulanate Potassium for
Oral Suspension, USP 26 page 143 and page 1390 of PF 28(5)
[Sept.–Oct. 2002]; Amoxicillin and Clavulanate Potassium Tab-
lets, USP 26 page 144 and page 37 of PF 28(1) [Jan.–Feb. 2002];
Aspirin and Codeine Phosphate Tablets, USP 26 page 182; Ate-
nolol and Chlorthalidone Tablets, USP 26 page 187; Butalbital,
Acetaminophen, and Caffeine Tablets, USP 26 page 287; Car-
bidopa and Levodopa Tablets, USP 26 page 329 and page 2947
of the First Supplement; Clotrimazole and Betamethasone Di-
propionate Cream, USP 26 page 496; Erythromycin Ethylsuc-
cinate and Sulfisoxazole Acetyl for Oral Suspension, USP 26
page 738; Hydrocodone Bitartrate and Acetaminophen Tab-
lets, USP 26 page 912; Oxycodone and Acetaminophen Cap-
sules, USP 26 page 1369; Oxycodone and Acetaminophen
Tablets, USP 26 page 1370; Propoxyphene Napsylate and
Acetaminophen Tablets, USP 26 page 1574 and page 32 of PF
29(1) [Jan.–Feb. 2003]; Spironolactone and Hydrochlorothia-
zide Tablets, USP 26 page 1710; Sulfamethoxazole and Tri-
methoprim Injection, USP 26 page 1738; Sulfamethoxazole
and Trimethoprim Oral Suspension, USP 26 page 1739; Sulfa-
methoxazole and Trimethoprim Tablets, USP 26 page 1740;
Triamterene and Hydrochlorothiazide Capsules, USP 26 page
1871 and page 3001 of the First Supplement; Triamterene and
Hydrochlorothiazide Tablets, USP 26 page 1872 and page
3001 of the First Supplement. It is proposed to delete the Pharmacy
Equivalent Name (PEN) from each of the 25 monographs in which
they now appear (23 in USP and 2 in NF). Adoption of standar-
dized PENs by the previous USP Drug Nomenclature Committee
was intended to discourage the proliferation of trivial names and
undefined abbreviations for combination dosage forms. However,
the Expert Committee on Nomenclature and Labeling proposes to
remove the PENs on the basis that pharmacists now use computer-
ized labeling and that PENs may be regarded as antiquated and no
longer useful. Additionally, there is concern expressed by the Ex-
pert Committee about confusion and possibilities for medication
errors resulting from the addition of PENs to United States
Adopted Names (USAN), International Nonproprietary Names
(INN), official names, and brand names.

(NL: C. Barnstein; PA2: J. Kelly) RTS—39600-1

Delete the following:
&Pharmacy Equivalent Name: Co-codAPAP Capsules&1S (USP27)

Change to read:
Packaging and storage—Preserve in tight, light-resistant con-
tainers.

&, and store at controlled room temperature.&2S (USP26)

BRIEFING

Acetaminophen and Codeine Phosphate Oral Solution, USP
26 page 34 and page 2497 of PF 27(3) [May–June 2001]—See
briefing under Acetaminophen and Codeine Phosphate Capsules.

(NL: C. Barnstein; PA2: J. Kelly) RTS—39573-1

Delete the following:
&Pharmacy Equivalent Name: Co-codAPAP Oral Solu-
tion&1S (USP27)

Change to read:
Packaging and storage—Preserve in tight, light-resistant con-
tainers.

&, and store at controlled room temperature.&2S (USP26)

BRIEFING

Acetaminophen and Codeine Phosphate Oral Suspension,
USP 26 page 35 and page 2497 of PF 27(3) [May–June 2001]—
See briefing under Acetaminophen and Codeine Phosphate Cap-
sules.

(NL: C. Barnstein; PA2: J. Kelly) RTS—39574-1

Delete the following:
&Pharmacy Equivalent Name: Co-codAPAP Oral Suspen-
sion&1S (USP27)

Change to read:
Packaging and storage—Preserve in tight, light-resistant con-
tainers.

&, and store at controlled room temperature.&2S (USP26)
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BRIEFING

Acetaminophen and Codeine Phosphate Tablets, USP 26
page 35 and page 2940 of the First Supplement—See briefing un-
der Acetaminophen and Codeine Phosphate Capsules.

(NL: C. Barnstein; PA2: J. Kelly) RTS—39575-1

Delete the following:
&Pharmacy Equivalent Name: Co-codAPAP Tablets&1S (USP27)

BRIEFING

Acyclovir, USP 26 page 47 and page 2503 of PF 27(3) [May–
June 2001]; Acyclovir Capsules, USP 26 page 48 and page 2503
of PF 27(3) [May–June 2001]; Acyclovir for Injection, USP 26
page 48 and page 42 of PF 29(1) [Jan.–Feb. 2003]; Acyclovir
Ointment, USP 26 page 49 and page 2504 of PF 27(3) [May–June
2001]; Acyclovir Oral Suspension, USP 26 page 49 and page
2504 of PF 27(3) [May–June 2001]; Acyclovir Tablets, USP 26
page 50 and page 2504 of PF 27(3) [May–June 2001]; Benzetho-
nium Chloride Concentrate, USP 26 page 217 and page 2945 of
the First Supplement; Ganciclovir, page 2966 of the First Supple-
ment; Ganciclovir for Injection, page 2966 of the First Supple-
ment. It is proposed to revise the current statement in the
Packaging and storage sections of these monographs to conform
to specifications provided by the manufacturer and defined under
Preservation, Packaging, Storage, and Labeling (see General No-
tices and Requirements).

(PA7b: B. Davani; PSD: C. Okeke) RTS—39618-9

Change to read:
Packaging and storage—Preserve in tight containers., and store at
controlled room temperature.

&Store between 158 and 258. Protect from light and mois-

ture.&1S (USP27)

BRIEFING

Acyclovir Capsules, USP 26 page 48 and page 2503 of PF
27(3) [May–June 2001]—See briefing under Acyclovir.

(PA7b: B. Davani; PSD: C. Okeke) RTS—39618-1

Change to read:
Packaging and storage—Preserve in tight containers., and store at
controlled room temperature.

&Store between 158 and 258. Protect from light and mois-

ture.&1S (USP27)

BRIEFING

Acyclovir for Injection, USP 26 page 48 and page 42 of PF
29(1) [Jan.–Feb. 2003]—See briefing under Acyclovir.

(PA7b: B. Davani; PSD: C. Okeke) RTS—39618-2

Change to read:
Packaging and storage—Preserve in tight containers., and store at
controlled room temperature.

&Store between 158 and 258. Protect from light.&1S (USP27)

Change to read:
Chromatographic purity—
Solution A—Prepare a filtered and degassed mixture of 0.17 M

acetic acid and methanol (125:8).
Solution B: methanol, filtered and degassed.
Mobile phase—Use variable mixtures of Solution A and Solution

B as directed for Chromatographic system. Make adjustments to
either solution as necessary (see System Suitability under
Chromatography h621i).
System suitability solution—Dissolve suitable quantities of pur-

ine and USP Acyclovir RS in Solution A to obtain a solution con-
taining about 0.5 mg of each per mL.
Standard solution—Dissolve accurately weighed quantities of

USPAcyclovir RS and guanine in Solution A, and dilute quantita-
tively, and stepwise if necessary, with Solution A to obtain a solu-
tion having concentrations of about 0.5 and 0.35 mg per mL,
respectively.
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~

Acyclovir standard solution—Dissolve an accurately

weighed quantity of USP Acyclovir RS in Solution A, and

dilute quantitatively, and stepwise if necessary, with Solu-

tion A to obtain a solution having a known concentration

of about 5 mg per mL.

Guanine solution—Dissolve about 25 mg of guanine, ac-

curately weighed, in 50 mL of 0.1 N sodium hydroxide in a

500-mL volumetric flask, dilute with water to volume, and

mix.

Standard solution—Transfer 5.0 mL of Acyclovir stan-

dard solution and 5.0 mL of Guanine solution to a 50-mL

volumetric flask, dilute with Solution A to volume, and

mix.
~USP27

Test solution—Constitute and combine not fewer than 10 vials of
Acyclovir for Injection. Transfer an accurately measured quantity,
equivalent to about 100 mg of acyclovir, to a 200-mL volumetric
flask, dilute with Solution A to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and a
4.6-mm 6 25-cm column that contains packing L1. The flow rate
is about 1 mL per minute. The chromatograph is programmed as
follows.

Time
(minutes)

Solution A
(%)

Solution B
(%)

Elution

0 100 0 equilibration
0–15 100 0 isocratic
15–45 100?65 0?35 linear gradient
45–46 65?100 35?0 linear gradient
46–56 100 0 re-equilibration

Chromatograph the System suitability solution, and record the peak
responses as directed for Procedure: the resolution, R, between
purine and acyclovir is not less than 2.0. Chromatograph the Stan-
dard solution, and record the peak responses as directed for Proce-
dure: the relative retention times for guanine and acyclovir are 0.44

~

about 0.4
~USP27

and 1.0, respectively; and the relative standard deviation

~

of the acyclovir peak area and the guanine peak area
~USP27

for replicate injections is not more than 7.0%.

~

1%.
~USP27

Procedure—Inject a volume

&Separately inject equal volumes&1S (USP27)

(about 50 mL) of

~

the Standard solution and
~USP27

the Test solution into the chromatograph, record the chromatogram,
and measure the peak

~

area
~USP27

responses.

~

Calculate the percentage of guanine in the Acyclovir for

Injection by the formula:

20,000(C/W)(rg /rsg),

in which C is the concentration, in mg per mL, of guanine in

the Standard solution; W is the total weight, in mg, of acy-

clovir in the Test solution based on the label claim; rg is the

peak response for guanine, if present, in the Test solution;

and rsg is the peak response of guanine in the Standard solu-

tion: not more than 1.0% is found.
~USP27

Calculate the percentage of each

~

other
~USP27

impurity in the portion of

~

~USP27

Acyclovir for Injection taken

~

~USP27

by the formula:

20,000(C/W)(ri / rS),

in which C is the concentration, in mg per mL, of USP Acyclovir
RS in the Standard solution; W is the equivalent

~

total
~USP27

weight

~

, in mg,
~USP27

of acyclovir taken

~

~USP27

in the Test solution

~

based on the label claim;
~USP27

ri is the peak response for each impurity; and rS is the peak re-
sponse of acyclovir in the Standard solution: not more than
1.0% of guanine is found,

~

~USP27

not more than 0.15% for any peak having a relative retention time
of about 2.0

~

0.7 compared to the acyclovir peak
~USP27

is found, not more than 0.5% of any other individual impurity is
found, and the total of all other impurities is not more than 1.0%.
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BRIEFING

Acyclovir Ointment, USP 26 page 49 and page 2504 of PF
27(3) [May–June 2001]—See briefing under Acyclovir.

(PA7b: B. Davani; PSD: C. Okeke) RTS—39618-3

Change to read:
Packaging and storage—Preserve in tight containers., and store at
controlled room temperature.

&Store between 158 and 258 in a dry place.&1S (USP27)

BRIEFING

Acyclovir Oral Suspension, USP 26 page 49 and page 2504 of
PF 27(3) [May–June 2001]—See briefing under Acyclovir.

(PA7b: B. Davani; PSD: C. Okeke) RTS—39618-4

Change to read:
Packaging and storage—Preserve in tight containers., and store at
controlled room temperature.

&. Store between 158 and 258. Protect from light.&1S (USP27)

BRIEFING

Acyclovir Tablets, USP 26 page 50 and page 2504 of PF 27(3)
[May–June 2001]—See briefing under Acyclovir.

(PA7b: B. Davani; PSD: C. Okeke) RTS—39618-5

Change to read:
Packaging and storage—Preserve in tight containers. , and store
at controlled room temperature.

&Store between 158 and 258. Protect from light and mois-

ture.&1S (USP27)

BRIEFING

Allopurinol Tablets, USP 26 page 64 and page 2508 of PF
27(3) [May–June 2001]. It is proposed to add instructions for pre-
paring the Standard solution in the Dissolution test. Allopurinol
has very low solubility in acidic medium and therefore needs to
be dissolved first in basic solution.

(BPC: M. Marques) RTS—39526-1

Change to read:
Packaging and storage—Preserve in well-closed

&tight&2S (USP26)

containers.

&, and store at controlled room temperature.&2S (USP26)

Change to read:
Dissolution h711i—

Medium: 0.01 N hydrochloric acid; 900 mL.
Apparatus 2: 75 rpm.
Time: 45 minutes.

&Standard stock solution—Prepare a stock solution by

transferring about 40 mg of USPAllopurinol RS, accurately

weighed, to a 200-mL volumetric flask. Add 10 mL of 0.1 N

sodium hydroxide, sonicate for about 2 minutes, shake by

mechanical means for about 10 minutes, dilute with Disso-

lution Medium to volume, and mix.

Standard solution—Dilute the Standard stock solution

with Dissolution Medium to obtain a solution having a con-

centration similar to that expected in the solution under

test.&1S (USP27)

Procedure—Determine the amount of C5H4N4O dissolved by
employing UV absorption at the wavelength of maximum absor-
bance at about 250 nm on filtered portions of the solution under
test, suitably diluted with Dissolution Medium, in comparison with
a

&the&1S (USP27)

Standard solution. having a known concentration of USP Allopur-
inol RS in the same Medium.

&
&1S (USP27)

Tolerances—Not less than 75% (Q) of the labeled amount of
C5H4N4O is dissolved in 45 minutes.

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
604 IN-PROCESS REVISION Vol. 29(3) [May–June 2003]

In
-P

ro
ce

ss
R

ev
is

io
n



BRIEFING

Amiloride Hydrochloride and Hydrochlorothiazide Tablets,
USP 26 page 115 and page 2941 of the First Supplement—See
briefing under Acetaminophen and Codeine Phosphate Capsules.

(NL: C. Barnstein; PA5: A. Wilk) RTS—39576-1

Delete the following:
&Pharmacy Equivalent Name: Co-amilozide Tablets&1S (USP27)

BRIEFING

Amoxicillin and Clavulanate Potassium for Oral Suspen-
sion, USP 26 page 143 and page 1390 of PF 28(5) [Sept.–Oct.
2002]. The PF proposal presented in 28(5) for the test for Water
is hereby cancelled, but the original intent to delete the Water test
and replace it with the test for Limit of free water is still being dis-
cussed. Further revisions will follow in a future number of PF. See
also the briefing under Acetaminophen and Codeine Phosphate
Capsules.

(NL: C. Barnstein; PA7: W. Wright) RTS—39578-1

Delete the following:
&Pharmacy Equivalent Name: Co-amoxiclav for Oral Suspen-
sion&1S (USP27)

Delete the following:
~

Water, Method I h921i: not more than 7.5%, where the label in-
dicates that after constitution as directed, the suspension contains
an amount of amoxicillin that is less than 40 mg per mL; not more
than 8.5% where the label indicates that after constitution as direc-
ted the suspension contains an amount of amoxicillin that is equal
to or more than 40 mg per mL and is less than or equal to 50 mg per
mL; not more than 11.0% where the label indicates that after con-
stitution as directed the suspension contains an amount of amoxi-
cillin that is more than 50 mg per mL and is less than or equal to 80
mg per mL; and not more than 12.0% where the label indicates that
after constitution as directed the suspension contains an amount of
amoxicillin that is more than 80 mg per mL.

~USP27

Add the following:

~

Limit of free water—Determine the total percentage, T, of

water in the powder by the titrimetric procedure specified in

Method I underWater Determination h921i. Assay a portion

of the powder as directed under Assay to determine its con-

tent, A, in mg of amoxicillin (C16H19N3O5S) per g. Calculate

the percentage of free water in the portion of Amoxicillin

and Clavulanate for Oral Suspension taken by the formula:

T – 0.0148A.

It contains not more than 2.0% of free water.
~USP27

BRIEFING

Amoxicillin and Clavulanate Potassium Tablets, USP 26
page 144 and page 37 of PF 28(1) [Jan.–Feb. 2002]—See briefing
under Acetaminophen and Codeine Phosphate Capsules.

(NL: C. Barnstein; PA7: W. Wright) RTS—39579-1

Delete the following:
&Pharmacy Equivalent Name: Co-amoxiclav Tablets&1S (USP27)

Change to read:
Dissolution h711i—[NOTE—Tablets labeled for veterinary use
only are exempt from this requirement.]
Medium: water; 900 mL.
Apparatus 2: 75 rpm.
Time: 30 minutes

&45 minutes for amoxicillin, and 30 minutes for clavulanic

acid&2S (USP26)

; or 45 minutes

&30 minutes for both amoxicil l in and clavulanic

acid,&2S (USP26)

where the Tablets are labeled as chewable.
Procedure—Dete rmine the amoun t o f amox ic i l l i n

(C16H19N3O5S) and clavulanic acid (C8H9NO5) dissolved, employ-
ing the procedure set forth in the Assay, making any necessary
volumetric adjustments.
Tolerances—Not less than 85%

&80%&2S (USP26)

(Q) of the labeled amount of C16H19N3O5S

&is dissolved in 45 minutes,&2S (USP26)

and not less than 80% (Q) of the labeled amount of C8H9NO5 is
dissolved in 30 minutes.

~

FOR TABLETS LABELED AS CHEWABLE—Not less than 80% (Q)
of the labeled amount of C16H19N3O5S and not less than 80% (Q)
of the labeled amount of C8H9NO5 is dissolved in 30 min-
utes.

~USP26

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
Vol. 29(3) [May–June 2003] IN-PROCESS REVISION 605



BRIEFING

Amprolium Oral Solution, USP 26 page 154. In order to pro-
vide more details concerning the storage conditions the Packaging
and storage statement has been expanded.

(PSD: C. Okeke; VET: I. DeVeau) RTS—39603-1

Change to read:
Packaging and storage—Preserve in tight containers

&, protected from light. Store at a temperature between 58

and 308, in a dry place.&1S (USP27)

BRIEFING

Aspirin and Codeine Phosphate Tablets, USP 26 page 182—
See briefing under Acetaminophen and Codeine Phosphate Cap-
sules.

(NL: C. Barnstein; PA2: J. Kelly) RTS—39580-1

Delete the following:
&Pharmacy Equivalent Name: Co-codaprin Tablets&1S (USP27)

BRIEFING

Atenolol and Chlorthalidone Tablets, USP 26 page 187—See
briefing under Acetaminophen and Codeine Phosphate Capsules.

(NL: C. Barnstein; PA5: A. Wilk) RTS—39581-1

Delete the following:
&Pharmacy Equivalent Name: Co-tenidone Tablets&1S (USP27)

BRIEFING

Benazepril Hydrochloride Tablets, page 39 of PF 28(1) [Jan.–
Feb. 2002]. It is proposed to modify the composition and volume
of the Dissolution Medium in the Dissolution test to reduce the fre-
quency of testing at the S2 level.

(BPC: M. Marques) RTS—36821-1

Add the following:

&Benazepril Hydrochloride Tablets

» Benazepril Hydrochloride Tablets contain an

amount of Benazepril Hydrochloride equivalent

to not less than 90.0 percent and not more than

110.0 percent of the labeled amount of benazepril

hydrochloride (C24H28N2O5 �HCl).

Packaging and storage—Preserve in well-closed con-

tainers.

USP Reference standards h11i—USP Benazepril Hydro-

chloride RS. USP Benazepril Related Compound B RS.

USP Benazepril Related Compound C RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Test solution—Finely powder not fewer than 20 Tablets,

and transfer an accurately weighed portion of the powder,

equivalent to about 50 mg of benazepril hydrochloride, to

a 50-mL volumetric flask. Add about 30 mL of methanol,

and shake by mechanical means for 15 minutes. Dilute with

methanol to volume, mix, and centrifuge. Pass an aliquot of

the supernatant through a suitable filter, discarding the first 6

mL of the filtrate.

Application volume: 20 mL.

Developing solvent system: a mixture of ethyl acetate,

methanol, and ammonium hydroxide (80:20:15).
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B: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

Dissolution h711i—

Medium: water; 500 mL. 0.1 N hydrochloric acid; 900

mL.

Apparatus 2: 50 rpm.

Time: 30 minutes.

Determine the amount of C24H28N2O5 �HCl dissolved by

employing the following method.

Tetrabutylammonium bromide solution, Mobile phase,

System suitability solution, and Chromatographic sys-

tem—Proceed as directed in the Assay.

Procedure—Inject about 60 mL about 60 mL, or an

amount of a filtered portion of the solution under test,

equivalent to about 12 mg 1.2 mg of benazepril, into the

chromatograph. The amount of benazepril injected should

not exceed 1.5 mg. Record the chromatogram, and measure

the responses for the major peaks. Determine the quantity, in

mg, of C24H28N2O5 �HCl dissolved in comparison with a

Standard solution having a known concentration of USP Be-

nazepril Hydrochloride RS in the same Medium and simi-

larly chromatographed.

Tolerances—Not less than 85% 80% (Q) of the labeled

amount of C24H28N2O5 �HCl is dissolved in 30 minutes.

Uniformity of dosage units h905i: meet the requirements.

PROCEDURE FOR CONTENT UNIFORMITY—

Tetrabutylammonium bromide solution, Mobile phase,

System suitability solution, Standard preparation, and

Chromatographic system—Proceed as directed in the Assay.

Test solution—Transfer 1 Tablet to a 100-mL suitable

volumetric flask, add about 60 50 mL a volume of Mobile

phase, equivalent to about 50% of the volume of the flask,

sonicate for 5 minutes, and then shake by mechanical means

for not less than 10 minutes. Dilute quantitatively, and step-

wise if necessary, with sufficient Mobile phase to volume,

obtain a final concentration of about 0.2 mg per mL, mix,

and pass a portion of the solution through a suitable filter,

discarding the first 6 mL of the filtrate.

Procedure—Proceed as directed in the Assay, except to in-

ject the Test solution instead of the Assay preparation. Cal-

culate the quantity, in mg, of benazepril hydrochloride

(C24H28N2O5 �HCl) in the Tablet taken by the formula:

100C(rU / rS),

VDC(rU / rS),

in which V is the volume, in mL, of the initial flask used to

prepare the Test solution; D is the dilution factor in subse-

quent dilutions of V, if necessary, to prepare the Test solu-

tion; C is the concentration, in mg per mL, of USP

Benazepril Hydrochloride RS in the Standard preparation;

and rU and rS are the benazepril hydrochloride peak re-

sponses obtained from the Test solution and the Standard

preparation, respectively.

Related compounds—

Tetrabutylammonium bromide solution, Mobile phase,

System suitability solution, and Chromatographic sys-

tem—Proceed as directed in the Assay.

Standard solution—Dissolve an accurately weighed

quantity of USP Benazepril Related Compound C RS in

Mobile phase, and dilute quantitatively, and stepwise if

necessary, to obtain a solution having a known concentra-

tion of about 0.006 mg per mL.

Test solution—Use the Assay preparation.

Procedure—Separately inject equal volumes (about 80

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the
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responses of the peaks for benazepril related compound C.

Calculate the percentage of benazepril related compound C

in the portion of Tablets taken by the formula:

100(CS / CT)(rU / rS),

in which CS is the concentration, in mg per mL, of USP Be-

nazepril Related Compound C RS in the Standard solution;

C T is the concentration, in mg per mL, of benazepril hydro-

chloride in the Test solution; and rU and rS are the peak re-

sponses for benazepril related compound C obtained from

the Test solution and the Standard solution, respectively:

not more than 3.0% of benazepril related compound C is

found. Calculate the percentage of each impurity (other than

benazepril related compound C) in the portion of Tablets ta-

ken by the formula:

100(ri /r s),

in which ri is the peak response for each impurity obtained

from the Test solution; and rs is the sum of the responses of

all the peaks (including related compound C): not more than

1.0% of any individual impurity is found; and not more than

2.0% of total impurities is found, the results for all impuri-

ties (including excluding benazepril related compound C)

being added.

Assay—

Tetrabutylammonium bromide solution, Mobile phase,

System suitability solution, Standard preparation, and

Chromatographic system—Proceed as directed in the Assay

under Benazepril Hydrochloride.

Assay preparation—Finely powder not fewer than 20

Tablets, and transfer an accurately weighed portion of the

powder, equivalent to about 50 mg of benazepril hydro-

chloride, to a 250-mL volumetric flask. Add about 150

mL of Mobile phase, and shake by mechanical means for

30 minutes. Dilute with Mobile phase to volume, mix,

and centrifuge. Pass an aliquot of the supernatant through

a suitable filter, discarding the first 6 mL of the filtrate.

Procedure—Separately inject equal volumes (about 25

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the areas for all the peaks. Calculate the quantity,

in mg, of benazepril hydrochloride (C24H28N2 O5 �HCl) in

the portion of Tablets taken by the formula:

250C(rU / rS),

in which C is the concentration, in mg per mL, of USP Be-

nazepril Hydrochloride RS in the Standard preparation;

and rU and rS are the benazepril hydrochloride peak re-

sponses obtained from the Assay preparation and the Stan-

dard preparation, respectively.&1S (USP27)

BRIEFING

Benzethonium Chloride Concentrate, USP 26 page 217 and
page 2945 of the First Supplement—See briefing under Acyclovir.

(PA7b: B. Davani; PSD: C. Okeke) RTS—39618-8

Change to read:
Packaging and storage—Preserve in tight, light-resistant con-
tainers.

&Store at room temperature.&1S (USP27)
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BRIEFING

Bisoprolol Fumarate, page 982 of PF 26(4) [July–Aug. 2000];
Bisoprolol Fumarate Tablets, page 983 of PF 26(4) [July–Aug.,
2000]; Bisoprolol Fumarate and Hydrochlorothiazide Tablets,
page 985 of PF 26(4) [July–Aug. 2000]. It is proposed to revise the
current Packaging and storage statement in these monographs to
conform to specifications provided by the manufacturer and to
those found in Preservation, Packaging, Storage, and Labeling un-
der General Notices.

(PA5: A. Wilk; PSD: C. Okeke) RTS—39745-2

Add the following:

&Bisoprolol Fumarate

(C18H31NO4)2 �C4H4O4 766.96

2-Propanol, 1-[4-[[2-(1-methylethoxy)ethoxy]methyl]-

phenoxy]-3-[(1-methylethyl)amino]-, (+)-, (E)-2-bute-

nedioate (2:1) (salt).

(+)-1-[[a-(2-Isoproproxyethoxy)-p-tolyl]oxy]-3-(isopro-

p y l a m i n o ) - 2 - p r o p a n o l f u m a r a t e ( 2 : 1 )

(salt) [104344-23-2].

» Bisoprolol Fumarate contains not less than 97.5

percent and not more than 102.0 percent of

(C18H31NO4)2 �C4H4O4, calculated on the anhy-

drous basis.

Change to read:

Packaging and storage—Preserve in tight, light-resistant

containers. & Store at controlled room temperature.&1S (USP27)

USP Reference standards h11i—USP Bisoprolol Fuma-

rate RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

Specific rotation h781i: between –0.28 and +0.28.

Test solution: 10 mg per mL, in methanol.

Water, Method I h921i: not more than 0.5%.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method I h231i: 0.002%.

Chromatographic purity—

Diluent, Mobile phase, System suitability solution, and

Chromatographic system—Proceed as directed in the Assay.

Standard solution—Prepare as directed for Standard

preparation in the Assay.

Test solution—Prepare as directed for Assay preparation

in the Assay.

Procedure—Inject a volume (about 10 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure the peak areas. Calculate the percentage of to-

tal impurities in the portion of Bisoprolol Fumarate taken by

the formula:

100(ri / rs),

in which ri is the sum of areas for all the peaks, excluding

the fumaric acid and bisoprolol peaks; and rs is the sum of

the areas of all the peaks in the chromatogram: not more

than 0.5% of total impurities is found.

Content of fumaric acid—Transfer about 500 mg of Biso-

prolol Fumarate, accurately weighed, to a beaker, and dis-

solve in 70 mL of dehydrated alcohol. Add 8.0 mL of 0.1

N tetrabutylammonium hydroxide VS, and stir for 2 min-

utes. Titrate with 0.1 N tetrabutylammonium hydroxide

VS, determining the endpoint potentiometrically, using a

glass-calomel electrode system. Perform a blank determina-

tion, and make any necessary correction (see Titrimetry
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h541i). Each mL of 0.1 N tetrabutylammonium hydroxide is

equivalent to 5.804 mg of fumaric acid: not less than 14.8%

and not more than 15.4% of fumaric acid is found, calcu-

lated on the anhydrous basis.

Assay—

Diluent—Prepare a mixture of water and acetonitrile

(65:35).

Mobile phase—To a portion of Diluent add 5 mL of hep-

tafluorobutyric acid, 5 mL of diethylamine, and 2.5 mL of

formic acid. Mix, filter, and degas. Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

System suitability solution—Prepare a solution in Diluent

containing about 0.5 mg of propranolol hydrochloride and 1

mg of Bisoprolol Fumarate per mL.

Standard preparation—Quantitatively dissolve an ac-

curately weighed quantity of USP Bisoprolol Fumarate

RS in Diluent to obtain a solution having a known concen-

tration of about 1 mg per mL.

Assay preparation—Transfer about 50 mg of Bisoprolol

Fumarate, accurately weighed, to a 50-mL volumetric flask.

Dissolve in and dilute with Diluent to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 273-nm detec-

tor and a 4.6-mm 6 12.5-cm column that contains packing

L7. The flow rate is about 1 mL per minute. Chromatograph

the System suitability solution, and record the peak areas as

directed for Procedure: the resolution, R, between bisopro-

lol and propranolol is not less than 7.0. Chromatograph the

Standard preparation, and record the peak areas as directed

for Procedure: the tailing factor is not more than 2.0; and the

relative standard deviation for replicate injections is not

more than 2.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the areas for the major peaks. Calculate the quan-

tity, in mg, of (C18H31NO4)2 �C4H4O4 in the portion of Biso-

prolol Fumarate taken by the formula:

50C(rU / rS),

in which C is the concentration, in mg per mL, of USP Bi-

soprolol Fumarate RS in the Standard preparation; and rU

and rS are the peak areas obtained from the Assay prepara-

tion and the Standard preparation, respectively.&2S (USP26)

BRIEFING

Bisoprolol Fumarate Tablets, page 983 of PF 26(4) [July–
Aug. 2000]—See briefing under Bisoprolol Fumarate.

(PA5: A. Wilk; PSD: C. Okeke) RTS—39736-1

Add the following:

&Bisoprolol Fumarate Tablets

» Bisoprolol Fumarate Tablets contain not less

than 90.0 percent and not more than 105.0 percent

of the labeled amount of bisoprolol fumarate

(C18H31NO4)2 �C4H4O4.

Change to read:

Packaging and storage—Preserve in well-closed &tight,

light-resistant&1S (USP27) containers.
&and store at controlled

room temperature.&1S (USP27)

USP Reference standards h11i—USP Bisoprolol Fuma-

rate RS.
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Thin-layer chromatographic identification test h201i—

Test solution—Finely powder not fewer than 5 Tablets,

and transfer an accurately weighed portion of the powder,

equivalent to about 40 mg of bisoprolol fumarate, to a 50-

mL flask. Add about 20 mL of a mixture of dichloromethane

and methanol (70:30), shake for 30 minutes, centrifuge, and

use the clear solution.

Application volume: 20 mL.

Developing solvent system—Prepare a mixture of dichlor-

omethane, methanol, and ammonia TS (70:10:0.8).

Procedure—Proceed as directed in the chapter, except to

develop the chromatogram until the solvent front has moved

about two-thirds of the length of the plate and to dry the

plate in a current of cold air.

Dissolution h711i—

Medium: water; 900 mL.

Apparatus 2: 75 rpm.

Time: 20 minutes.

Determine the amount of (C18H31NO4)2 �C4H4O4 dis-

solved by employing the following method.

Diluent—Prepare a mixture of methanol, water, triethyla-

mine, and phosphoric acid (160:35:5:2.5).

Mobile phase—Mix 20 mL of triethylamine with 1000

mL of water and 680 mL of methanol, adjust with phospho-

ric acid to a pH of 4.0 + 0.1, and mix.

Standard stock solution—Quantitatively dissolve an ac-

curately weighed quantity of USP Bisoprolol Fumarate

RS in water to obtain a solution having a known concentra-

tion of about twice the concentration of bisoprolol fumarate

in the Test solution.

Standard solution—Dilute an accurately measured vol-

ume of Standard stock solution with an equal accurately

measured volume of Diluent.

Test solution—Withdraw a portion of the solution under

test, filter, dilute with an equal volume of Diluent, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 227-nm detec-

tor and a 3.9-mm 6 30-cm column that contains packing

L7. The flow rate is about 1 mL per minute. Chromatograph

the Standard solution, and record the peak responses as di-

rected for Procedure: the relative standard deviation for rep-

licate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 50

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak areas for bisoprolol. Calculate the quantity, in mg, of

bisoprolol fumarate (C18H31NO4)2 �C4H4O4 dissolved.

Tolerances—Not less than 80% (Q) of the labeled amount

of (C18H31NO4)2 �C4H4O4 is dissolved in 20 minutes.

Uniformity of dosage units h905i: meet the requirements.

Water, Method I h921i: not more than 3.0%.

Assay—

Diluent—Prepare a mixture of water and acetonitrile

(65:35).

Mobile phase—Prepare a mixture of water and acetoni-

trile (65:35). Add 5 mL of heptafluorobutyric acid, 5 mL

of diethylamine, and 2.5 mL of formic acid. Mix, filter,

and degas. Make adjustments if necessary (see System Suit-

ability under Chromatography h621i).

System suitability solution—Prepare a solution in Diluent

having a concentration of 0.5 mg of propranolol hydro-

chloride per mL and 1.0 mg of bisoprolol fumarate per mL.

Standard preparation—Quantitatively dissolve an ac-

curately weighed quantity of USP Bisoprolol Fumarate

RS in Diluent to obtain a solution having a known concen-

tration of about 1 mg per mL.
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Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer an accurately weighed portion of

the powder, equivalent to about 25 mg of bisoprolol fuma-

rate, to a 25-mL volumetric flask. Add 10 mL of Diluent,

and sonicate for 10 minutes. Cool, dilute with Diluent to

volume, and mix. Centrifuge for 20 minutes, and use the

clear supernatant.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 273-nm detec-

tor and a 4.6-mm 6 12.5-cm column that contains packing

L7. The flow rate is about 1 mL per minute. Chromatograph

the System suitability solution, and record the peak areas as

directed for Procedure: the resolution, R, between bisopro-

lol and propranolol is not less than 7.0. Chromatograph the

Standard preparation, and record the peak areas as directed

for Procedure: the tailing factor for the analyte peak is not

more than 2.0; and the relative standard deviation for rep-

licate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the areas for the major peaks. Calculate the quan-

tity, in mg, of bisoprolol fumarate (C18H31NO4)2 �C4H4O4 in

the portion of Tablets taken by the formula:

25C(rU / rS),

in which C is the concentration, in mg per mL, of USP Bi-

soprolol Fumarate RS in the Standard preparation; and rU

and rS are the peak responses obtained from the Assay prep-

aration and the Standard preparation, respectively.&2S (USP26)

BRIEFING

Bisoprolol Fumarate and Hydrochlorothiazide Tablets, page
985 of PF 26(4) [July–Aug. 2000] —See briefing under Bisoprolol
Fumarate.

(PA5: A. Wilk; PSD: C. Okeke) RTS—39745-1

Add the following:

&Bisoprolol Fumarate and
Hydrochlorothiazide Tablets

» Bisoprolol Fumarate and Hydrochlorothiazide

Tablets contain not less than 90.0 percent and

not more than 110.0 percent of the labeled

amounts of bisoprolol fumarate (C18H31NO4)2 �
C4H4O4 and hydrochlorothiazide (C7H8ClN3

O4S2).

Change to read:

Packaging and storage—Preserve in well-closed con-

tainers. &tight, light-resistant containers. Store at controlled

room temperature.&1S (USP27)

USP Reference standards h11i—USP Bisoprolol Fuma-

rate RS. USP Chlorothiazide RS. USP Hydrochlorothiazide

RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—

Test solution—Finely powder 1 Tablet, and transfer the

powder to a 5-mL volumetric flask. Dilute with methanol

to volume, sonicate for 5 minutes, centrifuge, and use the

supernatant.

Standard solution 1—Dissolve a suitable quantity of USP

Bisoprolol Fumarate RS in methanol to obtain a solution

containing 1 mg per mL.
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Standard solution 2—Dissolve a suitable quantity of USP

Hydrochlorothiazide RS in methanol to obtain a solution

containing 1 mg per mL.

Application volume: 25 mL.

Developing solvent system: a mixture of methylene chlo-

ride, methanol, and 7.7 M ammonium hydroxide solution

(43:20:8).

Procedure—Locate the spots on the plate under short-

wavelength UV light and by exposure to iodine vapors:

the RF values of the principal spots in the chromatogram ob-

tained from the Test solution correspond to those of the prin-

cipal spots in the chromatograms obtained from Standard

solution 1 and Standard solution 2.

B: The retention times of the major peaks in the chro-

matograms of the Bisoprolol fumarate assay preparation

and the Hydrochlorothiazide assay preparation correspond

to those in the chromatogram of the Standard preparation,

as obtained in the Assay.

Dissolution h711i—

Medium: 0.1 N hydrochloric acid; 900 mL.

Apparatus 2: 75 rpm.

Times: 20 minutes for bisoprolol fumarate; 30 minutes for

hydrochlorothiazide.

Triethylamine solution—Mix 2 mL of triethylamine with

1000 mL of water, and adjust with phosphoric acid to a pH

of 3.0.

Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and Triethylamine solution (4:1). Make adjust-

ments if necessary (see System Suitabil i ty under

Chromatography h621i).

Standard stock solution 1—Quantitatively dissolve an ac-

curately weighed quantity of USP Bisoprolol Fumarate RS

in Medium to obtain a solution having a known concentra-

tion of about 0.5 mg per mL.

Standard stock solution 2—Transfer about 30 mg of USP

Hydrochlorothiazide RS, accurately weighed, to a 50-mL

volumetric flask, dissolve in 5 mL of methanol, dilute with

Medium to volume, and mix.

Standard solution—Dilute accurately measured volumes

of Standard stock solution 1 and Standard stock solution

2 with Medium to obtain a solution having known concen-

trations of bisoprolol fumarate and hydrochlorothiazide cor-

responding to those of the solution under test.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a UV detector

capable of measuring peak responses at 227 nm and 272

nm, simultaneously, and a 3.9-mm 6 15-cm column that

contains packing L11. The flow rate is about 1.5 mL per

minute. Chromatograph the Standard solution, and record

the peak areas as directed for Procedure: the relative stan-

dard deviation for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20

mL) of the Standard solution and the filtered portions of

the solution under test into the chromatograph, record the

chromatograms, and measure the areas for the bisoprolol

peaks at 227 nm and the hydrochlorothiazide peaks at 272

nm. Calculate the quantities, in mg, of bisoprolol fumarate

(C1 8H3 1NO4) 2 �C4H4O4 and hydroch lo ro th iaz ide

(C7H8ClN3O4S2) dissolved.

Tolerances—Not less than 80% (Q) of the labeled amount

of (C18H31NO4)2 �C4H4O4 is dissolved in 20 minutes and not

less than 80% (Q) of the labeled amount of C7H8ClN3O4S2 is

dissolved in 30 minutes.

Uniformity of dosage units h905i: meet the requirements

with respect to bisoprolol fumarate and to hydrochlorothia-

zide.

Chromatographic purity—

Diluent, Solution A, Solution B,Mobile phase, and System

suitability solution—Proceed as directed in the Assay.
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Standard solution—Dissolve an accurately weighed

quantity of USP Hydrochlorothiazide RS in Diluent, and

quantitatively dilute with Diluent, if necessary, to obtain a

solution having a known concentration of about 2 mg per

mL.

Test stock solution—Proceed as directed for Assay stock

preparation in the Assay.

Test solution—Quantitatively dilute an accurately mea-

sured volume of the Test stock solution with Diluent to ob-

tain a solution having a concentration of about 100 mg of

bisoprolol fumarate per mL.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay, but use a 260-nm detector.

Chromatograph the System suitability solution, and record

the peak responses as directed for Procedure: the resolution,

R, between chlorothiazide and hydrochlorothiazide is not

less than 1.5. Chromatograph the Standard solution, and re-

cord the peak responses as directed for Procedure: the tail-

ing factor is not more than 1.3; and the relative standard

deviation for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for all the peaks. Calculate the percentage of each

impurity in the portion of Tablets taken by the formula:

(100/F)(WB /WH)(CS /CB)(ri / rS),

in which F is the response factor, equal to 1.2 for the peak

with a relative retention time of 0.69 and 1.4 for the peak

with a relative retention time of 1.2, both retention times re-

lative to that of the hydrochlorothiazide peak; WB and WH

are the labeled quantities, in mg, of bisoprolol fumarate

and hydrochlorothiazide, respectively, in each Tablet; CS

is the concentration, in mg per mL, of USP Hydrochloro-

thiazide RS in the Standard solution; CB is the concentra-

tion, in mg per mL, of bisoprolol fumarate in the Test

solution; ri is the peak response of each of the two impurities

obtained from the Test solution; and rS is the response for the

hydrochlorothiazide peak obtained from the Standard solu-

tion: not more than 1.0% for the impurity with a relative re-

tention time of 0.69 is found; and not more than 2.0% for the

impurity with a relative retention time of 1.2 is found.

Assay—

Diluent—Mix 10 mL of 1 M dibutylammonium phos-

phate with 1000 mL of water.

Solution A—Filter and degas a portion of the Diluent.

Solution B—Prepare a mixture of acetonitrile and water

(3:2). Add 10 mL of 1 M dibutylammonium phosphate

per liter, stir vigorously for 2 minutes, filter, and degas.

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

System suitability solution—Prepare a solution of USP

Chlorothiazide RS and USP Hydrochlorothiazide RS in Dil-

uent containing 40 mg of each per mL.

Standard preparation—Dissolve suitable quantities of

USP Bisoprolol Fumarate RS and USP Hydrochlorothiazide

RS in Diluent to obtain a solution having known concentra-

tions of about 100 mg of each per mL. Stir by mechanical

means for 1 hour.

Assay stock preparation—Weigh 10 Tablets, and transfer

to a 100-mL volumetric flask. Add about 50 mL of Diluent,

sonicate for 10 minutes, and cool. Dilute with Diluent to

volume, stir by mechanical means for 1 hour, and centri-

fuge.

Bisoprolol fumarate assay preparation—Quantitatively

transfer a portion of the Assay stock preparation to a 50-

mL volumetric flask, and dilute with Diluent to volume to

obtain a solution having a concentration of about 100 mg of

bisoprolol fumarate per mL.
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Hydrochlorothiazide assay preparation—Quantitatively

transfer a portion of the Assay stock preparation to a 50-

mL volumetric flask, and dilute with Diluent to volume to

obtain a solution having a concentration of about 62.5 mg of

hydrochlorothiazide per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with 225-nm detector

and an 8-mm 6 10-cm column that contains packing L11.

The flow rate is about 3 mL per minute. The chromatograph

is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0 100 0 equilibration

0–9.0 100?40 0?60 linear gradient

9.0–9.1 40?100 60?0 linear gradient

9.1–12.0 100 0 re-equilibration

Chromatograph the System suitability solution, and record

the peak areas as directed for Procedure: the resolution,

R, between chlorothiazide and hydrochlorothiazide is not

less than 1.5. Chromatograph the Standard preparation,

and record the peak areas as directed for Procedure: the tail-

ing factor for the hydrochlorothiazide peak is not more than

1.3; and the relative standard deviation for replicate injec-

tions is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard preparation, the Bisoprolol fumarate

assay preparation, and the Hydrochlorothiazide assay prep-

aration into the chromatograph, record the chromatograms,

and measure the areas for the major peaks. Calculate the

quantities, in mg, of bisoprolol fumarate (C18H31NO4)2 �

C4H4O4 and hydrochlorothiazide (C7H8ClN3O4S2) in the

portion of Tablets taken by the formula:

5000(C/V)(rU / rS),

in which C is the concentration, in mg per mL, of USP Bi-

soprolol Fumarate RS or USP Hydrochlorothiazide RS in

the Standard preparation, as appropriate; V is the volume

of the Assay stock preparation used to prepare the Bisopro-

lol fumarate assay preparation or the Hydrochlorothiazide

assay preparation; rU is the peak area obtained from the Bi-

soprolol fumarate assay preparation or the Hydrochloro-

thiazide assay preparation, as appropriate; and rS is the

corresponding peak area obtained from the Standard pre-

paration.&2S (USP26)

BRIEFING

Butalbital, Acetaminophen, and Caffeine Tablets, USP 26
page 287—See briefing under Acetaminophen and Codeine Phos-
phate Capsules.

(NL: C. Barnstein; PA3: S. Salado) RTS—39602-1

Delete the following:
&Pharmacy Equivalent Name: Co-bucafAPAP Tablets&1S (USP27)

BRIEFING

Carbidopa and Levodopa Tablets, USP 26 page 329 and page
2947 of the First Supplement—See briefing under Acetaminophen
and Codeine Phosphate Capsules.

(NL: C. Barnstein; PA3: S. Salado) RTS—39582-1

Delete the following:
&Pharmacy Equivalent Name: Co-careldopa Tablets&1S (USP27)
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BRIEFING

Cefixime, USP 26 page 360. Data received shows that two late-
eluting impurities are not detected by the current isocratic liquid
chromatographic procedure for Chromatographic purity. To detect
these impurities, it is proposed to delete the existing procedure and
use a gradient elution liquid chromatographic procedure. The pro-
posed new test for Chromatographic purity is based on analyses
performed with the Inertsil ODS-3V brand of 5-mm L1 column.
The proposed test for Chromatographic purity includes a Reso-
lution solution that is prepared using a USP Cefixime Resolution
Mixture RS composed of cefixime with added amounts of cefix-
ime-7-epimer and cefixime (E)-isomer. Typical retention times
are about 21 minutes for cefixime, 27 minutes for cefixime-7-epi-
mer (resolution compound), 28 minutes for cefixime (E)-isomer
(resolution compound), and 44 and 53 minutes for the previously
undetected impurities.

(PA7: W. Wright) RTS—38498-1; 38717-1

Change to read:
USP Reference standards h11i—USP Cefixime RS.

&USP Cefixime Resolution Mixture RS.&1S (USP27)

Change to read:
Chromatographic purity—
Tetrabutylammonium hydroxide solution, Mobile phase,

Monobasic potassium phosphate solution, pH 7.0 Phosphate
buffer, Resolution solution, and Chromatographic system—Pro-
ceed as directed in the Assay.
Standard solution—Use the Standard preparation prepared as

directed in the Assay.
Test solution—Use the Assay preparation.
Procedure—Inject a volume (about 10 mL) of the Test solution

into the chromatograph, record the chromatogram, and measure the
peak areas. Calculate the percentage of each impurity in the portion
of Cefixime taken by the formula:

0.1P(ri / rS),

in which P is the potency, in mg per mg, of cefixime calculated in
the Assay; ri is the peak area for each impurity; and rS is the cefix-
ime peak area: not more than 1.0% of any individual impurity is
found; and not more than 2.0% of total impurities is found.

&pH 7.0 Phosphate buffer—Proceed as directed in the As-

say.

Solution A—Prepare a mixture of 0.05 M ammonium ace-

tate and methanol (95:5), and adjust with phosphoric acid to

a pH of 4.2 + 0.05.

Solution B—Prepare a mixture of 0.05 M ammonium ace-

tate and methanol (50:50), and adjust with phosphoric acid

to a pH of 4.2 + 0.05.

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed under Chromatographic system.

Make adjustments if necessary (see System Suitability under

Chromatography h621i).

Test solution—Dissolve an accurately weighed quantity of

Cefixime quantitatively in pH 7.0 Phosphate buffer to ob-

tain a solution containing 0.5 mg per mL.

Resolution solution—Prepare a solution in pH 7.0 Phos-

phate buffer containing 0.5 mg of USP Cefixime Resolution

Mixture RS per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detec-

tor and a 4.6-mm 6 25-cm column that contains 5-mm

packing L1. The flow rate is about 1.5 mL per minute.

The column temperature is maintained at a constant tem-

perature of about 408. The chromatograph is programmed

as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0.01 100 0 start

0.01–5 100?95 0?5 linear gradient

5–10 95?85 5?15 linear gradient

10–20 85?70 15?30 linear gradient

20–30 70?50 30?50 linear gradient

30–40 50?25 50?75 linear gradient

40–50 25?0 75?100 linear gradient

50–60 0 100 isocratic

60–65 100 0 isocratic

Make adjustments to the Mobile phase, if necessary. Chro-

matograph the Resolution solution, and record the peak area

responses as directed for Procedure: impurity peaks are ob-

served at retention times that are about 2 and 2.5 times the
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elution time of the cefixime peak, the resolution between

them being not less than 1.5, and the resolution between ce-

fixime and its nearest eluting impurity is not less than 1.0.

Procedure—Inject about 20 mL of the Test solution into

the chromatograph, record the chromatogram, and measure

the peak areas. Calculate the percentage of each impurity in

the portion of Cefixime taken by the formula:

100(ri / rt),

in which ri is the peak area response for any individual im-

purity observed in the chromatogram obtained from the Test

solution; and rt is the total of all peak area responses in the

chromatogram obtained from the Test solution. Not more

than 1.0% of any individual impurity is found, and not more

than 2.0% of total impurities is found.&1S (USP27)

BRIEFING

Ceftazidime for Injection, USP 26 page 383. It is proposed to
clarify the wording of the test for Loss on drying, specifically with
respect to Ceftazidime for Injection that contains sodium carbo-
nate. It should be noted that the product containing sodium carbo-
nate is heated twice and that it is the Loss on drying from the first
heating that is limited to not more than 13.5%. The Loss on drying,
m, after the additional heating for 3 hours at 1008, is used for the
calculation in the Assay of Assay preparation 1, on the dried and
sodium carbonate-free basis.

(PA7: W. Wright) RTS—39162-1

Change to read:
Loss on drying h731i—Dry about 300 mg, accurately weighed, in
vacuum at a pressure not exceeding 5 mm of mercury at 258 for 4
hours: where it contains arginine, it loses not more than 12.5% of
its weight. Use

&Where it contains sodium carbonate, it loses not more than

13.5% of its weight. Where it contains arginine, use&1S (USP27)

the percentage loss obtained, m, to calculate, on the dried and ar-
ginine-free basis, the result from Assay preparation 1 obtained as
directed in the Assay.Where it contains sodium carbonate, heat the
residue in vacuum at a pressure not exceeding 5 mm of mercury at

1008 an additional 3 hours, and calculate the total percentage of
weight loss. Use this percentage, m, to calculate, on the dried
and sodium carbonate-free basis, the result from Assay preparation
1 obtained as directed in the Assay. : it loses not more than 13.5%
of its weight.

&
&1S (USP27)

BRIEFING

Clavulanate Potassium, USP 26 page 466 and the First Interim
Revision Announcement on page 29 of PF 29(1) [Jan.–Feb. 2003].
Based on data and suggestions received, it is proposed to add sev-
eral new quality standards to this monograph. It is proposed to de-
lete the test for Limit of methanol and tert-butylamine, and to
replace it with a test for Limit of aliphatic amines. This is necessary
because different manufacturers use a number of aliphatic amines
other than tert-butylamine in their processes for producing Clavu-
lanate Potassium. Typical retention times obtained by the pro-
posed gas chromatographic test for aliphatic amines are for 1,1-
dimethylethylamine, 6.3 minutes; diethylamine, 8.7 minutes; 3-
methyl-2-pentanone (internal standard), 11.4 minutes; N, N,
N’,N’-tetramethylethylenediamine, 12.2 minutes; 1,1,3,3-tetra-
methylbutylamine, 12.9 minutes; N, N-diisopropylethenediamine,
15.2 minutes; and bis(2-dimethylamino)ethyl ether, 17.9 minutes.
It is also proposed to add a new test for Limit of 2-ethylhexanoic
acid. 2-Ethylhexanoic acid is a common impurity in Clavulanate
Potassium that is not detected by the current monograph test on
Chromatographic purity. It should be noted that the proposed
new tests for Limit of aliphatic amines and Limit of 2-ethylhexa-
noic acid are similar to the corresponding tests included in the Sec-
ond Supplement to the Fourth Edition of the European
Pharmacopoeia.

(PA7: W. Wright) RTS—39350-1

Delete the following:
&Limit of methanol and tert-butylamine—
Standard solution—To a 100-mL volumetric flask containing 50

mL of 3 N sodium hydroxide add about 6 mL of methanol and 12
mL of tert-butylamine, both accurately weighed, dilute with 3 N
sodium hydroxide to volume, and mix. Transfer 10.0 mL of this
stock solution to a second 100-mL volumetric flask, dilute with
3 N sodium hydroxide to volume, and mix. Transfer 10.0 mL of
this solution to a third 100-mL volumetric flask, dilute with 3 N
sodium hydroxide to volume, and mix. Transfer 7.0 mL of this
solution to a fourth glass-stoppered volumetric flask, add 3.0 mL
of 3 N sodium hydroxide, dilute with methyl isobutyl ketone to
volume, and mix. Allow the phases to separate, and use the clear
methyl isobutyl ketone layer as the Standard solution. This solu-
tion contains about 36.6 mg of methanol and 63.8 mg of tert-buty-
lamine per mL. Use this solution within 5 hours.
Test solution—Transfer about 3 g of Clavulanate Potassium, ac-

curately weighed, to a 100-mL volumetric flask, add 10 mL of 3 N
sodium hydroxide, and shake until dissolved. Allow to cool in a
cold water bath, dilute with methyl isobutyl ketone to volume,
stopper the flask, and shake vigorously for 3 minutes, with occa-
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sional venting. Allow the phases to separate, and use the clear
methyl isobutylketone layer as the Test solution. Use this solution
within 5 hours.
Chromatographic system (see Chromatography h621i)—The

gas chromatograph is equipped with a flame-ionization detector
and a 0.32-mm 6 30-m column coated with G1 stationary phase
and is maintained at 408, then programmed to increase at a rate of
558 per minute to 2008, and held at that temperature for 4 minutes.
The injection port and detector are maintained at a temperature of
about 1508. Nitrogen is used as the carrier gas. Chromatograph the
Standard solution, and record the methanol, tert-butylamine, and
methyl isobutyl ketone peak responses as directed for Procedure:
the tailing factor is not more than 1.6 for the methanol and tert-bu-
tylamine peaks; the column efficiency is not less than 25,000 the-
oretical plates; the resolution, R, between the methanol peak and
the tert-butylamine peak is not less than 20 and between the tert-
butylamine peak and the methyl isobutyl ketone peak is not less
than 10; and the relative standard deviation for replicate injections
is not more than 10%.
Procedure—Separately inject equal volumes (about 1 mL) of the

Standard solution and the Test solution into the chromatograph, re-
cord the chromatograms, and measure the areas of the responses of
the methanol and tert-butylamine peaks. Calculate the percentages
of methanol and of tert-butylamine in the Clavulanate Potassium
taken by the formula:

(7WS / 100WU)(rU / rS),

in which WS is the weight, in g, of methanol or tert-butylamine, as
appropriate, taken to prepare the Standard solution, WU is the
weight, in g, of Clavulanate Potassium taken to prepare the Test
solution, and rU and rS are the methanol or tert-butylamine peak
responses, as appropriate, obtained from the Test solution and the
Standard solution, respectively: not more than 0.1% of methanol or
0.2% of tert-butylamine is found.&1S (USP27)

Add the following:

&Limit of aliphatic amines—

Internal standard solution—Dissolve 50 mL of 3-methyl-

2-pentanone in water, dilute with water to 100.0 mL, and

mix.

Test solution—Transfer 1.0 g of Clavulanate Potassium to

a centrifuge tube, add 5.0 mL of Internal standard solution,

5.0 mL of 2 N sodium hydroxide, 5.0 mL of isopropyl alco-

hol, and 5 g of sodium chloride. Shake for 1 minute, and

centrifuge to separate the layers. Use the upper layer.

Reference solution—Dissolve 80.0 mg of the following

amines in 2 N hydrochloric acid: 1,1-dimethylethylamine,

diethylamine, tetramethylethylenediamine, 1,1,3,3-tetra-

methylbutylamine, and N,N’-diisopropylethylenediamine.

Dilute with 2 N hydrochloric acid to 200.0 mL, and mix.

Transfer 5.0 mL of this solution to a centrifuge tube. Add

5.0 mL of Internal standard solution, 10.0 mL of 2 N so-

dium hydroxide, 5.0 mL of isopropyl alcohol, and 5 g of

sodium chloride. Shake for 1 minute, and centrifuge to sep-

arate the layers. Use the upper layer.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector and a 0.53-mm 6 50-m capillary fused silica col-

umn that contains a 5-mm film coating of stationary phase

G41. The temperatures of the column, the injection port,

and the detector block are programmed as follows.

Time

(minutes)

Tempera-

ture (8) Elution

Column 0–7 35 isothermal

7–10.8 35–50 linear gradient

10.8–25.8 150 isothermal

Injection port 200

Detector block 250

The carrier gas is helium flowing at a constant rate of about

8 mL per minute. The split ratio is 1:10. Chromatograph the

Reference solution, and record the peak responses as direc-

ted for Procedure: the relative retention times are about 0.55

for 1,1-dimethylethylamine, 0.76 for diethylamine, 1.0 for

isopropyl alcohol, 1.07 for tetramethylethylenediamine,

1.13 for 1,1,3,3-tetramethylbutylamine, 1.33 for N,N’-diiso-

propylethylenediamine, and 1.57 for bis(2-methylami-

no)ethyl ether.

Procedure—Separately inject equal volumes (about 1 mL)

of the Test solution and the Reference solution into the chro-

matograph, record the chromatograms, and measure the

peak area responses. Calculate the percentage of each impu-

rity in the Clavulanate Potassium taken by the formula:

0.2(ri / rS ),

in which ri is the peak response for an individual impurity

observed in the chromatogram obtained from the Test solu-

tion; and rS is the response for the peak corresponding to the
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relevant analyte in the chromatogram obtained from the Ref-

erence solution. Calculate the percentage of any individual

impurity for which no relevant reference compound is pro-

vided in the Reference solution by the same formula, except

for rS use the peak response corresponding to the 1,1-di-

methylethylamine peak. The total of all aliphatic amines is

not more than 0.2%.&1S (USP27)

Add the following:

&Limit of 2-ethylhexanoic acid—

Internal standard solution—Prepare a solution of 3-cy-

clohexylpropionic acid in cyclohexane containing 1 mg

per mL.

Standard solution—Transfer about 75 mg of 2-ethylhex-

anoic acid, accurately weighed, to a 50-mL volumetric flask,

dilute with Internal standard solution to volume, and mix.

Transfer 1.0 mL of this solution to a centrifuge tube, and add

4.0 mL of 4 N hydrochloric acid. Shake for 1 minute, and

allow the phases to separate, centrifuging if necessary. With-

draw the lower phase, and reserve the upper phase. To the

lower phase add 1.0 mL of Internal standard solution, and

shake for 1 minute. Allow the phases to separate, centri-

fuging if necessary. Withdraw the upper phase, and combine

with the reserved upper layer.

Test solution—Transfer about 300 mg of Clavulanate Po-

tassium, accurately weighed, to a centrifuge tube. Add 4.0

mL of 4 N hydrochloric acid, and shake with two successive

1.0 mL portions of Internal standard solution. Allow the

phases to separate, centrifuging if necessary. Use the com-

bined upper phases.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector and a 0.53-mm 6 25-m capillary fused silica col-

umn that contains a 1-mm film coating of stationary phase

G35. The temperature of the column, the injection port,

and the detector block is programmed as follows.

Time

(minutes)

Tempera-

ture (8)

Rate

(8 per

minute) Elution

Column 0–2 40 – isothermal

2–7.3 40–200 30 linear gradient

7.3–10.3 200 – isothermal

Injection

port

200

Detector

block

300

The carrier gas is hydrogen flowing at a constant rate of

about 100 mL per minute. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the resolution, R, between the 2-ethylhexanoic

acid peak and the 3-cyclohexylpropionic acid peak is not

less than 2.0.

Procedure—Separately inject equal volumes (about 1 mL)

of the Standard solution and the Test solution into the chro-

matograph, record the chromatograms, and measure the

peak area responses. Calculate the percentage of 2-ethylhex-

anoic acid in the Clavulanate Potassium taken by the for-

mula:

(WS /WU)(RU /RS),

in which WS is the weight, in mg, of 2-ethylhexanoic acid

taken to prepare the Standard solution; WU is the weight, in

mg, of Clavulanate Potassium taken to prepare the Test solu-

tion; and RU and RS are the ratios of the 2-ethylhexanoic acid

peak to the 3-cyclohexylpropionic acid peak observed in the

chromatograms obtained from the Test solution and the

Standard solution, respectively. Not more than 0.8% is

found.&1S (USP27)
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BRIEFING

Clindamycin Phosphate Vaginal Inserts. Because a USP
monograph for this drug product does not exist, a new monograph
is being proposed. The liquid chromatographic procedures in the
Assay are based on analyses performed with a Zorbax brand of
L7 column. Typical retention times for clindamycin phosphate
and clindamycin hydrochloride (resolution compound) are 7.5
and 10.5 minutes, respectively.

(PA7: W. Wright) RTS—39465-1; 39693-2

Add the following:

&Clindamycin Phosphate Vaginal
Inserts

» Clindamycin Phosphate Vaginal Inserts contain

the equivalent of not less than 90.0 percent and

not more than 110.0 percent of the labeled amount

of clindamycin (C18H33ClN2O5S).

Packaging and storage—Preserve in well-closed con-

tainers, at controlled room temperature or in a cool place.

USP Reference standards h11i—USP Clindamycin Phos-

phate RS. USP Clindamycin Hydrochloride RS.

Identification—

A: Infrared Absorption h197Mi—

Procedure—Transfer a Vaginal Insert into a suitable con-

tainer, add 120 mL of methylene chloride, insert a stopper,

and shake until the Vaginal Insert is completely dissolved.

Using a vacuum, pass through a methylene chloride-compa-

tible filter having a 0.45-mm porosity. Rinse the filter with

several portions of methylene chloride, and allow the filter

to air-dry. The infrared absorption of the white residue from

the filter exhibits maxima at the same wavelengths as that of

a similar preparation of USP Clindamycin Phosphate RS.

B: The retention time of the clindamycin phosphate

peak in the chromatogram of the Assay preparation corre-

sponds to that of the Standard preparation, as obtained in

the Assay.

Uniformity of dosage units h905i: meet the requirements.

Assay—

Mobile phase—Dissolve 10.54 g of monobasic potassium

phosphate in 775 mL of water, and adjust with phosphoric

acid to a pH of 2.5. Add 225 mL of acetonitrile, and mix.

Pass through a filter having a 0.45-mm or finer porosity,

and degas. Make adjustments if necessary (see System Suit-

ability under Chromatography h625i).

pH 2.5 Buffer—Dissolve 10.54 g of monobasic potas-

sium phosphate in 1000 mL of water, and adjust with phos-

phoric acid to a pH of 2.5.

Resolution solution—Prepare a solution in pH 2.5 Buffer

containing in each mL about 0.24 mg of USP Clindamycin

Phosphate RS and about 6 mg of USP Clindamycin Hydro-

chloride RS.

Standard preparation—Dissolve an accurately weighed

quantity of USP Clindamycin Phosphate RS in pH 2.5 Buf-

fer to obtain a solution having a known concentration of

about 0.24 mg per mL.

Assay preparation—Transfer one Vaginal Insert to a suit-

able 100-mL container. Add 40 mL of isooctane, and seal

the container tightly with a teflon-lined septum and crimp

cap. Shake vigorously for about 15 minutes until all of the

Vaginal Insert is dissolved. Add 40.0 mL of pH 2.5 Buffer.

Recap the container tightly, and shake vigorously for not

less than 30 minutes, taking care to avoid leakage. Allow

the layers to separate, and remove a volume of the lower

aqueous layer sufficient to perform the following steps. Pass

the aqueous solution through a filter having a 5-mm or finer

porosity, discarding the first 2 mL of the filtrate. Collect the

remaining filtrate, and dilute a portion quantitatively, and

stepwise if necessary, with pH 2.5 Buffer to obtain a solution

containing the equivalent of about 0.2 mg of clindamycin

(C18H33ClN2O5S) per mL, and mix.
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Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing

L7. The flow rate is about 1 mL per minute. Chromatograph

the Resolution solution as directed for Procedure. The reso-

lution, R, between clindamycin phosphate and clindamycin

hydrochloride is not less than 2.0, when calculated by the

formula:

1.177[(t2 – t1) / (wh1 + wh2)],

in which t2 is the retention time, in minutes, of clindamycin

hydrochloride; t1 is the retention time, in minutes, of clinda-

mycin phosphate; whl is the width, in minutes, of the clin-

damyicn phosphate peak at half-height; and wh2 is the

width, in minutes, of the clindamyicn hydrochloride peak

at half-height. Chromatograph the Standard preparation

as directed for Procedure: the relative standard deviation

for replicate injections is not more than 2.5%.

Procedure—Separately inject equal volumes (about 35

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the major peak responses. Calculate the quantity,

in mg, of clindamycin (C18H33ClN2O5S) equivalent in the

Vaginal Insert taken by the formula:

(CP/ 1000)(L/D)(rU / rS),

in which C is the concentration, in mg per mL, of USP Clin-

damycin Phosphate RS in the Standard preparation; P is the

potency, in mg, of clindamycin (C18H33ClN2O5S) per mg, of

USP Clindamycin Phosphate RS; L is the labeled quantity,

in mg, of clindamycin (C18H33ClN2O5S) equivalent in the

Vaginal Insert; D is the concentration, in mg per mL, of clin-

damycin equivalent in the Assay preparation, based on the

labeled quantity in the Vaginal Insert and the extent of dilu-

tion; and rU and rS are the peak responses obtained from the

Assay preparation and the Standard preparation, respec-

tively. Use as the Assay value the average of the determina-

tions obtained for Content Uniformity in the test for

Uniformity of dosage units.&1S (USP27)

BRIEFING

Clonazepam Tablets, USP 26 page 488 and page 54 of PF
28(1) [Jan.–Feb. 2002]. Under Dissolution, Apparatus 2, change
50 rpm to 75 rpm.

(BPC: M. Marques) RTS—39601

Change to read:
Dissolution h711i—

Medium: degassed water; 900 mL.
Apparatus 2:50 rpm

&75 rpm.&1S (USP27)

Time:60 minutes.

~

45 minutes.
~USP27

Determine the amount of Clonazepam dissolved, using the fol-
lowing method.
Mobile phase—Prepare a filtered and degassed mixture of water,

methanol, and acetonitrile (40:30:30). Make adjustments if neces-
sary (see System Suitability under Chromatography h621i).
Standard solution—Prepare a solution of USP Clonazepam RS

in methanol having a known concentration of about 0.05 mg per
mL. Quantitatively dilute a portion of this solution with Dissolu-
tion Medium to obtain a Standard solution having a known concen-
tration similar to the expected concentration in the solution under
test.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and a
4-mm 6 30-cm column that contains packing L1. The flow rate
is about 1 mL per minute. Chromatograph replicate injections of
the Standard solution, and record the peak responses as directed
under Procedure: the relative standard deviation is not more than
2.0%, and the tailing factor is not more than 2.0.
Procedure—Separately inject equal volumes (about 100 mL) of

the Standard solution and the solution under test into the chromato-
graph, record the chromatograms, and measure the responses for
the major peaks. Calculate the quantity of C15H10ClN3O3 dissolved
by comparison of the peak responses obtained from the Standard
solution and the test solution.
Tolerances—Not less than 80% (Q)

~

75% (Q)
~USP27

of the labeled amount of C15H10ClN3O3 is dissolved in 60 minutes.

~

45 minutes.
~USP27

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
Vol. 29(3) [May–June 2003] IN-PROCESS REVISION 621



BRIEFING

Clotrimazole Vaginal Inserts—See briefing under Clotrima-
zole Vaginal Tablets.

(NL: C. Barnstein; PA7b: B. Davani) RTS—39569-1

Add the following:

&Clotrimazole Vaginal Inserts
(Monograph under this new title—to become official Oc-
tober 1, 2005)
Current monograph title is Clotrimazole Vaginal Tablets

» Clotrimazole Vaginal Inserts contain not less

than 90.0 percent and not more than 110.0 percent

o f t he l abe l ed amoun t o f c lo t r imazo l e

(C22H17ClN2).

Packaging and storage—Preserve in well-closed con-

tainers.

USP Reference standards h11i—USP Clotrimazole RS.

USP Clotrimazole Related Compound A RS.

Identification—Place an amount of finely powdered Vagi-

nal Inserts, equivalent to about 50 mg of clotrimazole, in a

screw-capped, 50-mL centrifuge tube. Add 10 mL of

chloroform, and shake vigorously for about 2 minutes. Cen-

trifuge to clarify. [NOTE—The supernatant may remain

slightly turbid.] Proceed as directed in the Identification test

under Clotrimazole Cream, except to use a Standard solu-

tion of USP Clotrimazole RS in chloroform containing 5

mg per mL.

Disintegration h701i: 20 minutes.

Uniformity of dosage units h905i: meet the requirements.

Assay—

Dibasic potassium phosphate solution and Mobile

phase—Prepare as directed in the Assay under Clotrimazole.

Internal standard solution, Standard preparation,

Resolution solution, and Chromatographic system—Prepare

as directed in the Assay under Clotrimazole Topical Solu-

tion.

Assay preparation—Weigh and finely powder not fewer

than 10 Vaginal Inserts. Transfer an accurately weighed por-

tion of the powder, equivalent to about 100 mg of clotrima-

zole, to a 50-mL, screw-capped centrifuge tube, add 10.0

mL of Internal standard solution and 15 mL of Mobile

phase, rotate for 15 minutes, and centrifuge for 10 minutes.

Using a suitable syringe, transfer the supernatant to a 100-

mL volumetric flask. Rinse the syringe with 25 mL of Mo-

bile phase, adding the rinsings to the centrifuge tube. Rotate

the centrifuge tube for 15 minutes, and centrifuge for 10

minutes. Using a suitable syringe, transfer the supernatant

to the 100-mL volumetric flask. Rinse the syringe with 25

mL of Mobile phase, and add the washings to the 100-mL

volumetric flask. Dilute with Mobile phase to volume, and

mix.

Procedure—Separately inject equal volumes (about 20

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

quantity, in mg, of clotrimazole (C22H17ClN2) in the portion

of Vaginal Inserts taken by the formula:

100C(RU /RS),

in which C is the concentration, in mg per mL, of USP Clo-

trimazole RS in the Standard preparation; and RU and RS are

the peak response ratios of clotrimazole to testosterone pro-

pionate obtained from the Assay preparation and the Stan-

dard preparation, respectively.&1S (USP27)

(Official October 1, 2005)
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BRIEFING

Clotrimazole Vaginal Tablets, USP 26 page 496; Nystatin Va-
ginal Tablets, USP 26 page 1343; Oxytetracycline Hydro-
chloride and Polymyxin B Sulfate Vaginal Tablets, USP 26
page 1384; Triple Sulfa Vaginal Tablets, USP 26 page 1723. It
is proposed to change the title of this monograph to Clotrimazole
Vaginal Inserts. Revisions are proposed by the Expert Committee
on Nomenclature and Labeling to change the titles of four USP
monographs from [DRUG] Vaginal Tablets to [DRUG] Vaginal In-
serts. The new term ‘‘Inserts’’ was adopted by the Expert Commit-
tee on Nomenclature and Labeling for vaginal preparations that are
produced in the form of tablets or soft gelatin capsules. The terms
‘‘Tablets’’ and ‘‘Capsules,’’ which are generally associated with
the oral administration of drugs, are proposed to be replaced with
‘‘Insert’’ terminology in an effort to circumvent the potential for
misuse of products that are intended for the administration of drugs
via the vaginal route. The resulting nomenclature, [DRUG] Vagi-
nal Inserts, which is in the general form [DRUG NAME][ROUTE
OF ADMINISTRATION][DOSAGE FORM], is also to be ad-
dressed by revisions that are to be proposed for general chapter
h1151i Pharmaceutical Dosage Forms.
The revisions are proposed for publication in the First Supple-

ment to USP 27–NF 22, which is to become official April 1, 2004,
but with October 1, 2005, designated as the official date for the
name changes. Use of the revised names would be permitted as
of the April 1, 2004, official date of the First Supplement to USP
27–NF 22, but use of the revised names would not become man-
datory until October 1, 2005. The eighteen-month postponement of
the official date for the name changes is intended to allow for pro-
duct label changes to be made and for health practitioners and con-
sumers to become familiar with the revised terminology.

(NL: C. Barnestein; PA7b: B. Davani) RTS—39569-1

Clotrimazole Vaginal Tablets
(Current title—not to change until October 1, 2005)
Monograph title change—to become official October 1,
2005
(see Official Title Changes on the first page of In-Pro-
cess Revision):
See Clotrimazole Vaginal Inserts

BRIEFING

Clotrimazole and Betamethasone Dipropionate Cream, USP
26 page 496—See briefing under Acetaminophen and Codeine
Phosphate Capsules.

(NL: C. Barnstein; PA7B: B. Davani) RTS—39583-1

Delete the following:
&Pharmacy Equivalent Name: Co-climasone Cream&1S (USP27)

BRIEFING

Clozapine, USP 26 page 500. In the current official version of
the Procedure in the test for Chromatographic purity, the RF values
cited are relative values. It is proposed to replace the relative RF

values with actual RF values to correspond with the definition of
RF in the general chapter Chromatography h621i.

(PA3: S. Salado) RTS—39612-1

Change to read:
Chromatographic purity—
Adsorbent: 0.25-mm layer of chromatographic silica gel mix-

ture.
Test solution—Dissolve an accurately weighed quantity of Clo-

zapine in chloroform to obtain a solution containing 10.0 mg per
mL.
Standard solutions—Dissolve an accurately weighed quantity of

USP Clozapine RS in chloroform, and mix to obtain a solution
having a known concentration of 0.1 mg per mL. Dilute portions
of this solution quantitatively with chloroform to obtain the follow-
ing solutions:

Standard
solution Dilution

Concentration
(mg of RS per

mL)

Percentage (%,
for comparison

with test
specimen)

A 3 in 10 30 0.3
B 1 in 5 20 0.2
C 1 in 10 10 0.1
D 1 in 20 5 0.05

Application volume: 20 mL.
Developing solvent system: a mixture of chloroform and metha-

nol (3:1).
Procedure—Proceed as directed for Thin-Layer Chromatog-

raphy under Chromatography h621i. Examine the plate under
short-wavelength UV light, and compare the intensities of any sec-
ondary spots observed in the chromatogram of the Test solution
with those of the principal spots in the chromatograms of the Stan-
dard solutions: no spot from the chromatogram of the Test solution
with an RF value of 1.7, 1.4, or 0.3

&about 0.82, 0.67, or 0.10&1S (USP27)

is larger or more intense than that obtained from Standard solution
B, Standard solution C, or Standard solution A, respectively; no
other secondary spot from the chromatogram of the Test solution
is larger or more intense than the principal spot obtained from Stan-
dard solution C (0.1%); and the sum of the intensities of all sec-
ondary spots obtained from the Test solution corresponds to not
more than 0.6%.

BRIEFING

Cod Liver Oil Capsules. Because there is no existing mono-
graph for this article, a new monograph is being proposed. This
monograph describes an article that contains USP Cod Liver Oil
only, with no excipients added. A Rupture test for soft gelatin cap-
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sules is added to evaluate the ability of the dosage form to release
its content. Content of vitamins A and D is required under the la-
beling section. Label claim on content of fish-derived omega-3
fatty acids is optional.

(DSN: G. Giancaspro) RTS—31789-2

Add the following:

&Cod Liver Oil Capsules

» Cod Liver Oil Capsules contain not less than

95.0 percent and not more than 105.0 percent of

the labeled amount of Cod Liver Oil. The oil con-

tained in Cod Liver Oil Capsules conforms to the

Definition for Cod Liver Oil.

Packaging and storage—Preserve in tight containers at

room temperature. Protect from light.

Labeling—Vitamin A potency and vitamin D potency,

when designated on the label, may be expressed in USP

units per g of oil. The potency may also be expressed in me-

tric units, on the basis that 1 USP Vitamin A Unit = 0.3 mg of

all-trans retinol and 40 USP Vitamin D Units = 1 mg. Label

them to emphasize the need to avoid freezing or exposure to

excessive humidity or to a temperature above 408. Where

the content of docosahexaenoic acid and eicosapentaenoic

acid is claimed, state the amount in mg per capsule on the

label.

USP Reference standards h11i—USP Vitamin A RS. USP

Cholecalciferol RS.

Identification—

Vitamin A—The oil contained in the Capsule responds to

the test for Identification for vitamin A under Cod Liver Oil.

Fatty acid profile—Proceed as directed in Identification,

Fatty acid profile under Cod Liver Oil. [To come.] The oil

contained in the Capsules meets the requirements.

Weight variation h2091i: meets the requirements.

Disintegration and dissolution h2040i—

RUPTURE TEST—

Medium: water; 500 mL.

Apparatus: Use Apparatus 2 as described under Dissolu-

tion h711i operating at 50 rpm.

Times: 15 minutes; 30 minutes.

Procedure—Place 1 Capsule in each vessel, and allow the

Capsule to sink to the bottom of the vessel before starting

rotation of the blade. Observe the Capsules, and record

the time taken for each capsule shell to rupture.

Tolerances—The requirements are met if all of the Cap-

sules tested rupture in not more than 15 minutes. If 1 or 2

of the Capsules rupture in more than 15 minutes, but not

more than 30 minutes, repeat the test on 12 additional Cap-

sules. Not more than 2 of the total of 18 Capsules tested rup-

ture in more than 15, but not more than 30 minutes.

Content of cod liver oil—Accurately weigh not fewer than

10 Capsules in a tared weighing bottle. With a sharp blade,

or by other appropriate means, carefully open the Capsules,

without loss of shell material, and transfer the combined

Capsule contents to a 100-mL beaker. Remove any adhering

substance from the emptied capsules by washing with sev-

eral small portions of isooctane. Discard the washings, and

allow the empty capsules to dry in a current of dry air until

the isooctane is completely evaporated. Weigh the empty

capsules in the original tared weighing bottle, and calculate

the average net weight per capsule.

Other requirements—The contents of the Capsules meet

the requirements of the tests for Specific gravity, Nonde-

stearinated cod liver oil, Unsaponifiable matter, Acid value,

Iodine value, Saponifiable value, Assay for vitamin A, and

Assay for vitamin D under Cod Liver Oil.&1S (USP27)
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BRIEFING

Demeclocycline Hydrochloride Capsules, USP 26 page 550;
Demeclocycline Hydrochloride Tablets, USP 26 page 550. On
the basis of experience and the data received, it is proposed to
change the UV wavelength specified in the Dissolution test from
‘‘about 270 nm’’ to ‘‘about 274 nm.’’ The method allows a certain
amount of flexibility in that it states that the amount of demeclocy-
cline dissolved is determined ‘‘from UV absorbance at the wave-
length of maximum absorbance at about 270 nm.’’ The proposed
wavelength of ‘‘about 274 nm’’ more closely approximates the
wavelength of maximum absorbance observed in actual practice,
while still allowing for slight deviations in the actual observed
wavelength of maximum UV absorbance.

(PA7: W. Wright) RTS—39436-1

Change to read:
Dissolution h711i—

Medium: water; 900 mL.
Apparatus 2: 75 rpm.
Time: 45 minutes.
Procedure—Determine the amount of C21H21ClN2O8 dissolved

from UV absorbances at the wavelength of maximum absorbance
at about 270

&274&1S (USP27)

nm of filtered portions of the solution under test, suitably diluted
with Dissolution Medium, if necessary, in comparison with a Stan-
dard solution having a known concentration of USP Demeclocy-
cline Hydrochloride RS in the same Medium.
Tolerances—Not less than 75% (Q) of the labeled amount of de-

meclocycline (C21H21ClN2O8) is dissolved in 45 minutes.

BRIEFING

Demeclocycline Hydrochloride Tablets, USP 26 page 550—
See briefing under Demeclocycline Hydrochloride Capsules.

(PA7: W. Wright) RTS—39502-1

Change to read:
Dissolution h711i—

Medium: water; 900 mL.
Apparatus 2: 75 rpm.
Time: 45 minutes.
Procedure—Determine the amount of C21H21ClN2O8 dissolved

from UV absorbances at the wavelength of maximum absorbance
at about 270

&274&1S (USP27)

nm of filtered portions of the solution under test, suitably diluted
with Dissolution Medium, if necessary, in comparison with a Stan-
dard solution having a known concentration of USP Demeclocy-
cline Hydrochloride RS in the same Medium.

Tolerances—Not less than 75% (Q) of the labeled amount of de-
meclocycline (C21H21ClN2O8) is dissolved in 45 minutes.

BRIEFING

Divalproex Sodium Delayed-Release Tablets, USP 26 page
650. It is proposed to revise the amount of dibasic sodium phos-
phate used to prepare the Citrate buffer in the Drug release test to
be in accord with the validated method.

(PA3: S. Salado) RTS—39565-1

Change to read:
Drug release, Method B h724i—
pH 1.2, 0.08 N Hydrochloric acid—Add 40 mL of hydrochloric

acid to 5000 mL of water. Adjust with 2 N hydrochloric acid to a
pH of 1.2, dilute with water to 6.0 liters, and mix.
pH 7.5 Phosphate buffer—Dissolve 40.83 g of monobasic potas-

sium phosphate and 9.84 g of sodium hydroxide in 5000 mL of
water. Adjust with pH 1.2, 0.08 N Hydrochloric acid to a pH of
7.5, dilute with water to 6.0 liters, and mix.
Medium—Proceed as directed for Method B, observing the fol-

lowing exceptions. Perform Acid Stage testing, using 900 mL of
pH 1.2, 0.08 N Hydrochloric acid, for 1 hour; and perform Buffer
Stage testing, using 900 mL of pH 7.5 Phosphate buffer, for not
less than 1 hour.
Apparatus 2: 50 rpm.
Times: 1 and 2 hours.
Determine the amount of C8H16O2 dissolved by employing the

following method.
~

Citrate buffer—Dissolve 0.5 g of citric acid monohydrate and
4.0 g

&0.4 g&1S (USP27)

of dibasic sodium phosphate in 1.0 liter of water.
Potassium phosphate buffer—Dissolve 6.8 g of monobasic po-

tassium phosphate and 1.7 g of sodium hydroxide in 1.0 liter of
water. Adjust with phosphoric acid to a pH of 7.4 + 0.1.
Mobile phase—Prepare a mixture of Citrate buffer, Potassium

phosphate buffer, and acetonitrile (35:35:30). Adjust with phos-
phoric acid to a pH of 3.0 + 0.1, and mix. Filter and degas. Make
adjustments if necessary (see System Suitability under Chromatog-
raphy h621i).
Standard solution—Prepare a solution of USP Valproic Acid RS

in the pH 7.5 Phosphate buffer used in the Buffer Stage, having a
known concentration of about 0.12 mg per mL. [NOTE—Avolume
of acetonitrile not exceeding 10.0% of the total volume may be
used to dissolved the USP Valproic Acid RS.]
Test solution—If necessary, dilute a portion of each filtered solu-

tion under test with pH 7.5 Phosphate buffer used in the Buffer
Stage to obtain a solution having a concentration of about 0.12
mg per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 210-nm detector and a
3.9-mm 6 15-cm column that contains 4-mm packing L11. The
flow rate is about 1.2 mL per minute. Chromatograph the Standard
solution, and record the peak responses as directed for Procedure:
the column efficiency is not less than 1000 theoretical plates, the
tailing factor is not more that 2.0; and the relative standard devia-
tion for replicate injections is not more than 2.0%.
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Procedure—Separately inject equal volumes (about 50 mL) of
the Standard solution and Test solution into the chromatograph, re-
cord the chromatograms, and measure the responses for the major
peaks. Calculate the quantity, in mg, of valproic acid (C8H16O2)
dissolved by the formula:

900CD(rU / rS),

in which C is the concentration, in mg per mL, of USP Valproic
Acid RS in the Standard solution; D is the dilution factor used
to prepare the Test solution; and rU and rS are the peak areas of
valproic acid obtained from the Test solution and the Standard
solution, respectively.

~USP26

Tolerances—Not less than 80% (Q) of the labeled amount of
C8H16O2 is dissolved in 2 hours.

BRIEFING

ErgoloidMesylates Tablets,USP 26 page 720. It is proposed to
add a cautionary statement to the Chromatographic system in the
Assay regarding the type of L1 column that should be used. The
apparent pH of the Mobile phase used in the Assay is greater than
11. Most reversed phase C18 columns available in the market are
designed to operate in a pH range of 2–8. Above pH 8, the silica
particles start to gradually dissolve until complete dissolution of
the silica occurs at pH 13. The most appropriate L1 packings to
be used in the Assay should be those capable of handling pH values
greater than 11.

(BPC: M. Marques) RTS—35908-1

Change to read:
Assay—
Mobile phase—Prepare a filtered and degassed solution contain-

ing a mixture of water, acetonitrile, and triethylamine (700:300:9).
Make adjustments if necessary (see System Suitability under
Chromatography h621i).
Internal standard solution—Transfer about 113 mg of papaver-

ine hydrochloride to a 1-liter flask. Add a mixture of 0.01 M tarta-
ric acid and acetonitrile (2:1) to volume, and mix.
Standard preparation—Transfer about 33 mg of USP Ergoloid

Mesylates RS, accurately weighed, to a 100-mL volumetric flask.
Dissolve in and dilute with Internal standard solution to volume,
and mix. Use a freshly prepared solution.
Assay preparation—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the powder,
equivalent to about 5 mg of Ergoloid Mesylates to a 50-mL centri-
fuge tube. Add 15.0 mL of Internal standard solution, insert the
stopper into the tube, and shake for about 15 minutes. Centrifuge,
filter if necessary, and use the clear supernatant solution.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 280-nm detector and a
3.9-mm 6 15-cm column that contains packing L1.

&[NOTE—Use an L1 column capable of handling pH values

greater than 11.]&1S (USP27)

The flow rate is about 1.5 mL per minute. Chromatograph the Stan-
dard preparation, and record the peak responses as directed for
Procedure: the column efficiency determined for the dihydro-b-er-
gocryptine mesylate peak is not less than 1000 theoretical plates;
the tailing factor for dihydro-b-ergocryptine mesylate is not more
than 2.0; the resolution, R, between the dihydro-a-ergocryptine
mesylate and dihydroergocristine mesylate is not less than 2.0,
the resolution, R, between dihydroergocristine and dihydro-b-ergo-
cryptine is not less than 2.0; and the relative standard deviation of
the ratio of the sum of the four peaks to the internal standard for
replicate injections is not more than 1.5%.
Procedure—Separately inject equal volumes (about 20 mL) of

the Standard preparation and the Assay preparation into the chro-
matograph, record the chromatograms, and measure the responses
for the major peaks. The order of elution is papaverine, dihydroer-
gocornine, dihydro-a-ergocryptine, dihydroergocristine, and dihy-
dro-b-ergocryptine. Calculate the quantity, in mg, of ergoloid
mesylates in the portion of Tablets taken by the formula:

15C(RU /RS),

in which C is the concentration, in mg per mL, of USP Ergoloid
Mesylates RS in the Standard preparation; and RU and RS are the
sums of the ratios of responses of the four major peaks to the re-
sponse of the internal standard peak obtained from the Assay prep-
aration and the Standard preparation, respectively. Calculate the
percentage of each of the individual alkaloids taken by the formula:

100Ri(MW)yi/�[Ri(MW)i],

where Ri is the peak response ratio of the individual alkaloid to the
internal standard; (MW)i is the molecular weight of the individual
alkaloid; and �[Ri(MW)i] is the summation of the products of peak
response ratios and molecular weights for the four alkaloids.

BRIEFING

Erythromycin Ethylsuccinate and Sulfisoxazole Acetyl for
Oral Suspension, USP 26 page 738—See briefing under Aceta-
minophen and Codeine Phosphate Capsules.

(NL: C. Barnstein; PA7: W. Wright) RTS—39584-1

Delete the following:
&Pharmacy Equivalent Name: Co-crynsulfisox for Oral Suspen-
sion&1S (USP27)
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BRIEFING

Famotidine Tablets, USP 26 page 775. It is proposed to revise
the chromatographic procedure for the Assay. In addition, it is pro-
posed to add the test for Related compounds, to monitor the degra-
dation products in the dosage form. The proposed methods are
based on the analyses performed with the Inertsil ODS 2 brand
of L1 column; typical retention time reported for famotidine peak
is about 4.8 minutes. It is also proposed to add storage conditions
to the Packaging and storage section.

(PA4: E. Gonikberg; PSD: C. Okeke) RTS—39700-1

Change to read:
Packaging and storage—Preserve in well-closed, light-resistant
containers.

&Store at controlled room temperature.&1S (USP27)

Add the following:

&Related compounds—

Buffer solution, Mobile phase, Diluent, System suitability

solution, Standard preparation, Assay preparation, and

Chromatographic system—Proceed as directed for Assay.

Standard solution—Use the Standard preparation.

Test solution—Use the Assay preparation.

Procedure—Separately inject a volume (about 50 mL) of

the Test solution into the chromatograph, record the chroma-

tograms, and measure the responses for the major peaks.

Calculate the percentage of each impurity in the portion of

Tablets taken by the formula:

100(1/F)C(D/LN) (ri / rs),

in which F is the relative response factor for each impurity

peak (see Table 1 for values); C is the concentration, in mg

per mL, of USP Famotidine RS in the Standard solution; L

is the labeled amount, in mg, of famotidine in each Tablet; N

is the number of tablets taken to prepare the Test solution; D

is the dilution factor used to prepare the Test solution; ri is

the peak area obtained for each individual impurity in the

Test solution; and rs is the peak area for famotidine in the

Standard solution.

Table 1.

Relative

Retention

Time

Relative

Response

Factor (F) Name Limit (%)

0.38 1.0 Famotidine

related

compound A1

1.0

0.65 1.0 Famotidine

related

compound B2

0.5

0.85 1.0 Famotidine

related

compound C3

0.5

1.21 1.3 Famotidine

related

compound D4

0.5

1 3-[2-(diaminomethyleneamino)-1,3-thiazol-4-ylmethyl-

sulfinyl]-N-sulfamoyl-propanamidine

2 3-[2-(diaminomethyleneamino)-1,3-thiazol-4-yl-

methylthio]-propanoic acid

3 3-[2-(diaminomethyleneamino)-1,3-thiazol-4-yl-

methylthio]-N-sulfamoyl-propanamide

4 3-[2-(diaminomethyleneamino)-1,3-thiazol-4-yl-

methylthio]- propanamide

In addition to not exceeding the limits for each impurity in

Table 1, not more than 1.5% of total impurities is

found.&1S (USP27)

Change to read:
Assay—
Buffer solution—Dissolve 13.6 g of monobasic potassium phos-

phate in 800 mL of water, and adjust to a pH of 7.0, determined
potentiometrically, by the addition of 1 N sodium hydroxide with
mixing. Dilute with water to 1000 mL, and mix.
Mobile phase—Prepare a mixture of water, methanol, and Buffer

solution (31:6:3), adjust to a pH of 5.0, determined potentiometri-
cally, by the addition of phosphoric acid, mix, filter, and degas.
Make adjustments if necessary (see System Suitability under
Chromatography h621i).
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Standard preparation—[NOTE—Prepare fresh daily.] Dissolve a
suitable quantity of USP Famotidine RS in Buffer solution to ob-
tain a solution having a known concentration of about 80 mg of
famotidine per mL.
Assay preparation—Transfer an accurately counted number of

Tablets, equivalent to about 200 mg of famotidine, to a 500-mL
volumetric flask. Add 50 mL of Buffer solution and 300 mL of
water, sonicate for 5 minutes, and shake by mechanical means
for 1 hour. Dilute with water to volume, mix, and filter. Quantita-
tively dilute a portion of the clear filtrate with Buffer solution to
obtain a solution containing about 80 mg of famotidine per mL.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and a
4.6-mm 6 25-cm column that contains packing L3. The flow rate
is about 1 mL per minute. Chromatograph the Standard prepara-
tion, and record the peak responses as directed for Procedure: the
column efficiency, determined from the analyte peak, is not less
than 2500 theoretical plates; the tailing factor for the famotidine
peak is not more than 3.0; and the relative standard deviation for
replicate injections is not more than 2.0%. [NOTE—When System
Suitability cannot be achieved, the following wash sequence for the
column may be used: wash with 0.05 M phosphoric acid at a flow
rate of 1.3 mL per minute for 15 minutes, wash with water at a flow
rate of 1.3 mL per minute for 15 minutes, wash with acetonitrile at
a flow rate of 1.3 mL per minute for 15 minutes, wash with metha-
nol at a flow rate of 1.3 mL per minute for 15 minutes, and finally
precondition the column with Mobile phase.]
Procedure—Separately inject equal volumes (about 25 mL) of

the Standard preparation and the Assay preparation into the chro-
matograph, record the chromatograms, and measure the responses
for the major peaks. Calculate the quantity, in mg, of famotidine
(C8H15N7O2S3) in the portion of Tablets taken by the formula:

(L / D)C(rU / rS),

in which L is the labeled amount, in mg, of famotidine in each Tab-
let;D is the concentration, in mg per mL, of famotidine in the Assay
preparation, based on the labeled quantity per Tablet and the extent
of dilution; C is the concentration, in mg per mL, of USP Famoti-
dine RS in the Standard preparation; and rU and rS are the peak
responses obtained from the Assay preparation and the Standard
preparation, respectively.

&Buffer solution—Dissolve 13.6 g of sodium acetate tri-

hydrate in 750 mL of water. Add 1 mL of triethylamine, ad-

just with glacial acetic acid to a pH of 6.0, and dilute with

water to 1 liter.

Mobile phase—Prepare a mixture of Buffer solution and

acetonitrile (93:7), mix, and degas. Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Diluent—Dissolve 6.8 g of monobasic potassium phos-

phate in 750 mL of water, adjust with 1 M potassium hy-

droxide to a pH of 6.0, and dilute with water to 1 liter.

System suitability stock solution—Transfer 10 mg of fa-

motidine to a 50-mL volumetric flask, add 1 mL of 0.1 N

hydrochloric acid, heat at 808 for 30 minutes, and cool to

room temperature. Add 2 mL of 0.1 N sodium hydroxide,

heat at 808 for 30 minutes, cool to room temperature, and

neutralize by adding 1 mL of 0.1 N hydrochloric acid. Di-

lute with Diluent to volume. Transfer 10 mL of this solution

to a separate 50-mL volumetric flask containing 5 mg of fa-

motidine dissolved in 8 mL of methanol. Dilute with Dilu-

ent to volume.

System suitability solution—Transfer about 1 mL of Sys-

tem suitability stock solution to a suitable container, add 1

mL of Diluent and 1 drop of hydrogen peroxide solution,

and mix well. [NOTE—Prepare fresh daily.]

Standard preparation—Transfer about 10 mg of USP Fa-

motidine RS, accurately weighed, into a 100-mL volumetric

flask, add 20 mL of methanol, and sonicate for 5 minutes.

Dilute with Diluent to volume, and mix.

Assay preparation—Transfer not fewer than 10 Tablets to

a 1-liter volumetric flask. Add 200 mL of Diluent, and swirl

to erode the Tablets. Add 200 mL of methanol, and stir by

mechanical means at 300 rpm for 1 hour. Dilute with Dilu-

ent to volume, mix, and filter. Quantitatively dilute a portion

of the clear filtrate with Diluent to obtain a solution contain-

ing about 0.1 mg of famotidine per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 275-nm detec-

tor and a 4.6-mm 6 15-cm column that contains packing

L1. The column temperature is maintained at 408. The flow

rate is about 1.4 mL per minute. Chromatograph the System

suitability solution, and identify the famotidine peak and the

peaks due to impurities and degradation products listed in

Table 1. Record the peak responses as directed for Proce-

dure: the resolution, R, between famotidine related com-

pound C and famotidine peaks is not less than 1.3; the

resolution, R, between famotidine and famotidine related

compound D peaks is not less than 1.3; and the capacity fac-

tor, k’, for famotidine peak is not less than 2.0. Chromato-
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graph the Standard preparation, and record the peak re-

sponses as directed for Procedure: the relative standard de-

viation for replicate injections is less than 2.0%.

Procedure—Separately inject equal volumes (about 50

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

quantity, in mg, of famotidine (C8H15N7O2S3) in each Tablet

taken by the formula:

C(D/N)(rU / rS),

in which C is the concentration, in mg per mL, of USP Fa-

motidine RS in the Standard preparation; D is the dilution

factor used to prepare the Assay preparation; N is the num-

ber of Tablets taken to prepare the Assay preparation; and rU

and rS are the peak areas obtained from the Assay prepara-

tion and the Standard preparation, respectively.&1S (USP27)

BRIEFING

Ferrous Fumarate, USP 26 page 782; Ferrous Gluconate,
USP 26 page 785; Manganese Gluconate, USP 26 page 1124;
Zinc Gluconate, USP 26 page 1956. On the basis of data received,
it has been determined that the system suitability requirements in
the test for Limit of lead cannot be met using the reagent trioctyl-
phenylphosphine oxide currently available. Therefore, it is pro-
posed to set the instrument to zero with the Blank and to verify
that the absorbance value obtained with the Standard solution is
significantly different from zero. In addition, editorial style
changes have been made.

(DSN: G. Giancaspro) RTS—31667-2

Change to read:
Limit of lead—[NOTE—For the preparation of all aqueous solu-
tions and for the rinsing of glassware before use, employ water that
has been passed through a strong-acid, strong-base, mixed-bed ion-

exchange resin before use. Select all reagents to have as low a con-
tent of lead as practicable, and store all reagent solutions in con-
tainers of borosilicate glass. Clean glassware before use by soaking
in warm 8 N nitric acid for 30 minutes and by rinsing with de-
ionized water.]
Ascorbic acid–sodium iodide solution—Dissolve 20 g of ascor-

bic acid and 38.5 g of sodium iodide in water in a 200-mL volu-
metric flask, dilute with water to volume, and mix.
Trioctylphosphine oxide solution—[Caution—This solution

causes irritation. Avoid contact with eyes, skin, and clothing. Take
special precautions in disposing of unused portions of solutions to
which this reagent is added.] Dissolve 5.0 g of trioctylphosphine
oxide in 4-methyl-2-pentanone in a 100-mL volumetric flask, di-
lute with the same solvent to volume, and mix.
Standard solution and Blank—Transfer 5.0 mL of Lead Nitrate

Stock Solution, prepared as directed in the test for Heavy Metals
h231i, to a 100-mL volumetric flask, dilute with water to volume,
and mix. Transfer 2.0 mL of the resulting solution to a 50-mL bea-
ker. To this beaker and to a second, empty beaker (Blank) add 6 mL
of nitric acid and 10 mL of perchloric acid, and evaporate in a hood
to dryness. [Caution—Use perchloric acid in a well-ventilated
fume hood with proper precautions.] Cool, dissolve the residues
in 10 mL of 9 N hydrochloric acid, and transfer with the aid of
about 10 mL of water to separate 50-mL volumetric flasks. To each
flask add 20 mL of Ascorbic acid–sodium iodide solution and 5.0
mL of Trioctylphosphine oxide solution, shake for 30 seconds, and
allow to separate. Add water to bring the organic solvent layer into
the neck of each flask, shake again, and allow to separate. The or-
ganic solvent layers are the Blank and the Standard solution, and
they contain 0.0 and 2.0 mg of lead per mL, respectively.
Test solution—Add 1.0 g of Ferrous Fumarate to a 50-mL bea-

ker, and add 6 mL of nitric acid and 10 mL of perchloric acid.
[Caution—Use perchloric acid in a well-ventilated fume hood with
proper precautions.] Cover with a ribbed watch glass, and heat in a
hood until completely dry. Cool, dissolve the residue in 10 mL of 9
N hydrochloric acid, and transfer with the aid of about 10 mL of
water to a 50-mL volumetric flask. Add 20 mL of Ascorbic acid–
sodium iodide solution and 5.0 mL of Trioctylphosphine oxide
solution, shake for 30 seconds, and allow to separate. Add water
to bring the organic solvent layer into the neck of the flask, shake
again, and allow to separate. The organic solvent layer is the Test
solution.
Procedure—Concomitantly determine the absorbances of the

Blank, the Standard solution, and the Test solution at the lead emis-
sion line at 283.3 nm with a suitable atomic absorption spectropho-
tometer (see Spectrophotometry and Light-Scattering h851i)
equipped with a lead hollow-cathode lamp and an air–acetylene
flame, using 4-methyl-2-pentanone

&the Blank&1S (USP27)

to set the instrument to zero. In a suitable analysis, the absorbance
of the Blank is not greater than 20% of the difference between

&
&1S (USP27)

the absorbance of the Standard solution and the absorbance of the
Blank

&are significantly different&1S (USP27)

: the absorbance of the Test solution does not exceed that of the
Standard solution (0.001%).
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BRIEFING

Ferrous Gluconate, USP 26 page 785—See briefing under Fer-
rous Fumarate.

(DSN: G. Giancaspro) RTS—31667-5

Change to read:
Limit of lead—[NOTE—For the preparation of all aqueous solu-
tions and for the rinsing of glassware before use, employ water that
has been passed through a strong-acid, strong-base, mixed-bed ion-
exchange resin before use. Select all reagents to have as low a con-
tent of lead as practicable, and store all reagent solutions in con-
tainers of borosilicate glass. Clean glassware before use by soaking
in warm 8 N nitric acid for 30 minutes and by rinsing with de-
ionized water.]
Ascorbic acid–sodium iodide solution—Dissolve 20 g of ascor-

bic acid and 38.5 g of sodium iodide in water in a 200-mL volu-
metric flask, dilute with water to volume, and mix.
Trioctylphosphine oxide solution—[Caution—This solution

causes irritation. Avoid contact with eyes, skin, and clothing. Take
special precautions in disposing of unused portions of solutions to
which this reagent is added.] Dissolve 5.0 g of trioctylphosphine
oxide in 4-methyl-2-pentanone in a 100-mL volumetric flask, di-
lute with the same solvent to volume, and mix.
Standard solution and Blank—Transfer 5.0 mL of Lead Nitrate

Stock Solution, prepared as directed in the test for Heavy Metals
h231i, to a 100-mL volumetric flask, dilute with water to volume,
and mix. Transfer 2.0 mL of the resulting solution to a 50-mL volu-
metric flask. To this volumetric flask and to a second, empty 50-mL
volumetric flask (Blank) add 10 mL of 9 N hydrochloric acid and
about 10 mL of water. To each flask add 20 mL of Ascorbic acid–
sodium iodide solution and 5.0 mL of Trioctylphosphine oxide
solution, shake for 30 seconds, and allow to separate. Add water
to bring the organic solvent layer into the neck of each flask, shake
again, and allow to separate. The organic solvent layers are the
Blank and the Standard solution, and they contain 0.0 and 2.0
mg of lead per mL, respectively.
Test solution—Add 1.0 g of Ferrous Gluconate, 10 mL of 9 N

hydrochloric acid, about 10 mL of water, 20 mL of Ascorbic acid–
sodium iodide solution, and 5.0 mL of Trioctylphosphine oxide
solution to a 50-mL volumetric flask, shake for 30 seconds, and
allow to separate. Add water to bring the organic solvent layer into
the neck of the flask, shake again, and allow to separate. The or-
ganic solvent layer is the Test solution.
Procedure—Concomitantly determine the absorbances of the

Blank, the Standard solution, and the Test solution at the lead emis-
sion line at 283.3 nm, with a suitable atomic absorption spectro-
photometer (see Spectrophotometry and Light-Scattering h851i)
equipped with a lead hollow-cathode lamp and an air–acetylene
flame, using 4-methyl-2-pentanone

&the Blank&1S (USP27)

to set the instrument to zero. In a suitable analysis, the absorbance
of the Blank is not greater than 20% of the difference between

&
&1S (USP27)

the absorbance of the Standard solution and the absorbance of the
Blank

&are significantly different&1S (USP27)

: the absorbance of the Test solution does not exceed that of the
Standard solution (0.001%).

BRIEFING

Ganciclovir, page 2966 of the First Supplement—See briefing
under Acyclovir.

(PA7b: B. Davani; PSD: C. Okeke) RTS—39618-6

Change to read:
Packaging and storage—Preserve in well-closed containers.

&Store between 158 and 308, unless otherwise specified by

the manufacturer.&1S (USP27)

BRIEFING

Ganciclovir for Injection, page 2966 of the First Supple-
ment—See briefing under Acyclovir.

(PA7b: B. Davani; PSD: C. Okeke) RTS—39618-7

Change to read:
Packaging and storage—Preserve in Containers for Sterile So-
lids, as described under Injections h1i.
&Store between 158 and 308, unless otherwise specified by

the manufacturer. Protect from moisture.&1S (USP27)

BRIEFING

Hydrocodone Bitartrate, USP 26 page 911, page 2969 of the
First Supplement, and page 77 of PF 29(1) [Jan.–Feb. 2003]. On
page 78 of PF 29(1), in the test for Related compounds, in the table
under Procedure, it is proposed to delete ‘‘0.44’’ and ‘‘0.073’’, the
relative response factors for dihydrothebainone bitartrate and ben-
zophenone, respectively.

(PA2: J. Kelly) RTS—39629-1
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Delete the following:
~

Ordinary impurities h466i—
Test solution: a mixture of methanol and water (1:1).
Standard solution: a mixture of methanol and water (1:1).
Eluant: a mixture of hexanes, acetone, methanol, and ammo-

nium hydroxide (60:40:20:1.5).
Visualization: 3, followed by overspraying with hydrogen per-

oxide TS. [NOTE—Cover the thin-layer chromatographic plate
with a glass plate to slow fading of the spots. Exclude the origin
spot, if present, from the determination of the total impurit-
ies.]

~USP27

Add the following:

~

Related compounds—[NOTE—For the test for Related

compounds and in the Assay, dry both USP Hydrocodone

Bitartrate RS and USP Dihydrocodeine Bitartrate RS under

vacuum at 1058 for 2 hours. Immediately transfer the dried

materials to a dessicator containing phosphorus pentoxide.

Immediately weigh each dried material.]

Solution A, Solution B, Mobile phase, and Chromato-

graphic system—Proceed as directed in the Assay.

Test solution—Use the Assay preparation.

System suitability solution—Combine about 1.5 mg of

USP Dihydrocodeine Bitartrate RS and 1.0 mL of the Stan-

dard preparation prepared for the Assay in a 200-mL volu-

metric flask. Dilute with Solution A to volume, and mix.

Chromatographic system (see Chromatography h621i)—

Proceed as directed in the Assay. Chromatograph the System

suitability solution, and record the peak responses as direc-

ted for Procedure: the relative retention times are about 0.89

for dihydrocodeine and 1.0 for hydrocodone; and the rela-

tive standard deviation for replicate injections is not more

than 2.0%.

Procedure—Inject equal volumes (about 20 mL) of the

Test solution and System suitability solution into the chro-

matograph, record the chromatograms, and measure the

peak responses. Calculate the percentage of dihydrocodeine

bitartrate and any unknown impurities in the portion of Hy-

drocodone Bitartrate taken by the formula:

10000(C/W)F(rU / rS),

in which C is the concentration, in mg per mL, of USP Hy-

drocodone Bitartrate RS in the System suitability solution;

W is the quantity, in mg, of Hydrocodone Bitartrate taken

to prepare the Test solution; F is the relative response factor

and is equal to the values given in the following table; rU is

the individual peak response of each impurity in the test

solution; and rS is the response of hydrocodone bitartrate

in the System suitability solution: not more than 0.5% of

any individual impurity is found, and not more than 2.0%

of total impurities is found.

Hydrocodone Bitartrate

and

Related Compounds

Relative

Retention Time

Relative

Response

Factor

dihydrocodeine bitartrate 0.89 0.81

hydrocodone diol

bitartrate

0.92 0.76

hydrocodone bitartrate 1.00 1.00

dihydrothebainone

bitartrate

1.03 0.44

hydrocodone aldol dimer

bitartrate

1.10 0.96

7-cyclohexenyl hydroco-

done bitartrate

1.50 1.00

benzophenone 1.79 0.073

other impurities — 1.0

~USP27

Change to read:
Assay—[NOTE—Dry both the USP Hydrocodone Bitartrate RS
and the Hydrocodone Bitartrate materials in vacuum at 1058 for
2 hours. Immediately transfer the dried materials to a desiccator
containing phosphorus pentoxide. Weigh each dried material indi-
vidually within 1 minute, and proceed with the Assay.]
Mobile phase—Prepare a mixture of acetonitrile, water, and

diethylamine (800:4:1). Prepare a filtered and degassed mixture
of this solution and methanol (55:45). Make adjustments if neces-
sary (see System Suitability under Chromatography h621i).
Standard preparation—Transfer about 10 mg of previously

dried USP Hydrocodone Bitartrate RS, accurately weighed, to a
10-mL volumetric flask, add 5 mL of water, and mix to dissolve.
Dilute with methanol to volume, and mix to obtain a solution hav-
ing a known concentration of about 1 mg per mL.
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Assay preparation—Transfer an accurately weighed quantity of
previously dried Hydrocodone Bitartrate, equivalent to about 100
mg of hydrocodone bitartrate, C18H21NO3 �C4H6O6, to a 100-mL
volumetric flask, add 50 mL of water, and mix to dissolve. Dilute
with methanol to volume, and mix.
Resolution solution—Prepare a solution in methanol containing

about 0.4 mg of dihydrocodeine bitartrate

USP Dihydrocodeine Bitartrate RS
and 0.6 mg of

USP Hydrocodone Bitartrate RS
per mL. Prepare a mixture of this solution and water (1:1).
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 280-nm detector and a
4.6-mm 6 25-cm column that contains packing L3. The flow rate
is about 1.5 mL per minute. Chromatograph the Resolution solu-
tion, and record the responses as directed under Procedure: the
resolution, R, between the hydrocodone and dihydrocodeine peaks
is not less than 3.0. The relative retention times are about 0.7 for
hydrocodone and 1.0 for dihydrocodeine. Chromatograph the
Standard preparation, and record the peak responses as directed
under Procedure: the relative standard deviation for replicate injec-
tions is not more than 1.0%.
Procedure—Separately inject equal volumes (about 20 mL) of

the Standard preparation and the Assay preparation into the chro-
matograph, record the chromatograms, and measure the responses
for the major peaks. Calculate the quantity, in mg, of C18H21NO3 � -
C4H6O6 in the portion of Hydrocodone Bitartrate taken by the for-
mula:

(100C)(rU / rS),

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

~

[NOTE—See the Note in the test for Related compounds

before performing the Assay.]

Solution A—Dissolve 5.75 g of monobasic ammonium

phosphate in about 900 mL of water in a 1000-mL volu-

metric flask, adjust with phosphoric acid to a pH of 3.0 +

0.1, dilute with methanol to volume, and mix.

Solution B—Prepare a filtered and degassed mixture of

methanol and water (80:20).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Hydrocodone Bitartrate RS in Solution A

to obtain a solution having a known concentration of about

about 1.5 mg per mL.

Assay preparation—Transfer an accurately weighed

quantity of previously dried Hydrocodone Bitartrate,

equivalent to about 150 mg of hydrocodone bitartrate, to a

100-mL volumetric flask, dissolve in and dilute with Solu-

tion A to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 280-nm detec-

tor and a 4.6-mm 6 25-cm column that contains 5-mm

packing L7. The column temperature is maintained at 608.

The flow rate is about 1.2 mL per minute. The chromato-

graph is programmed as follows. Chromatograph the Stan-

dard preparation, and record the peak responses as directed

for Procedure: the tailing factor is not more than 1.0; and the

relative standard deviation for replicate injections is not

more than 2.0%.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0 100 0 equilibrium

0–6 100 0 isocratic

6–30 100?0 0?100 linear gradient

30–31 0?100 100?0 linear gradient

Procedure—Separately inject equal volumes (about 20

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the peak responses. Calculate the quantity, in mg,

of hydrocodone bitartrate (C18H21NO3 �C4H6O6) in the por-

tion of Hydrocodone Bitartrate taken by the formula:

100C(rU / rS),

in which C is the concentration, in mg per mL, of USP Hy-

drocodone Bitartrate RS in the Standard preparation; and rU

and rS are the peak responses obtained from the Assay prep-

aration and the Standard preparation, respectively.
~USP27

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
632 IN-PROCESS REVISION Vol. 29(3) [May–June 2003]

In
-P

ro
ce

ss
R

ev
is

io
n



BRIEFING

Hydrocodone Bitartrate and Acetaminophen Tablets, USP
26 page 912—See briefing under Acetaminophen and Codeine
Phosphate Capsules.

(NL: C. Barnstein; PA2: J. Kelly) RTS—39585-1

Delete the following:
&Pharmacy Equivalent Name: Co-hycodAPAP Tablets&1S (USP27)

BRIEFING

Levodopa Capsules, USP 26 page 1070. In the current official
monograph for Levodopa Capsules, the cross-reference to Levodo-
pa in the test for Related compounds is no longer valid because of a
subsequent change that was made in the test for Related com-
pounds under Levodopa. It is therefore proposed to delete the
cross-reference and to provide the appropriate test for the Cap-
sules.

(PA3: S. Salado) RTS—39524-3

Change to read:
Related compounds—The residue obtained in the Identification
test meets the requirements for Related compounds under Levodo-
pa.

&Ferric chloride–potassium ferricyanide solution—Just

prior to use, mix 2 volumes of ferric chloride solution

(1 in 10) with 1 volume of potassium ferricyanide solution

(1 in 20) to obtain about 100 mL of solution.

Sodium metabisulfite solution—Dissolve 100 mg of so-

dium metabisulfite in 10 mL of 1.2 N hydrochloric acid,

and dilute with acetone to 100 mL.

Standard solution A—[NOTE—Use low-actinic glass-

ware.] Dissolve 2.5 mg of USP Levodopa Related Com-

pound A RS in Sodium metabisulfite solution to make

25.0 mL. Pipet 1 mL of this solution into a 10-mL volu-

metric flask containing 100 mg of USP Levodopa RS, and

dilute with Sodium metabisulfite solution to volume. Mix

this solution just prior to application.

Standard solution B—[NOTE—Use low-actinic glass-

ware.] Dissolve 2.5 mg of USP 3-Methoxytyrosine RS in

Sodium metabisulfite solution to make 25.0 mL. Pipet 5

mL of this solution into a 10-mL volumetric flask, and dilute

with Sodium metabisulfite solution to volume. Mix this

solution just prior to application.

Test solution—[NOTE—Use low-actinic glassware.] Just

prior to application, dissolve 100 mg of the residue obtained

in the Identification test in 10.0 mL of Sodium metabisulfite

solution.

Developing solvent—Prepare a mixture of 150 mL of bu-

tyl alcohol, 75 mL of glacial acetic acid, 75 mL of water,

and 15 mL of methanol.

Chromatographic plates—Use suitable thin-layer chro-

matographic plates (see Chromatography h621i) coated

with a 0.25-mm layer of microcrystalline cellulose. Pre-

develop a plate in the Developing solvent until the solvent

front has moved not less than 18 cm from the origin. Re-

move the plate from the chamber, and dry in a current of

air for about 10 minutes. [NOTE—The plate may be devel-

oped overnight: solvent overflow during predevelopment is

of no consequence.]

Procedure—Apply 10 mL each of the Test solution and

Standard solutions A and B to separate points about 3 cm

from the bottom of the plate. Dry the spots in a stream of

nitrogen, and develop the chromatogram in a suitable low-

actinic chamber equilibrated for 5 minutes with a freshly

mixed portion of Developing solvent, until the solvent front

has moved about 15 cm from the line of application. Re-

move the plate from the chamber, mark the solvent front,

and dry in a current of air for about 10 minutes. Spray the

plate with Ferric chloride–potassium ferricyanide solution.

The levodopa related compound A produces a spot at an RF
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of about 0.25, and the 3-methoxytyrosine produces a spot at

an RF of about 0.5. Any spots from the Test solution, occur-

ing at RF values 0.25 and 0.5, are not greater in size or in-

tensity than the spots at the respective RF values produced

by Standard solutions A and B, corresponding to not more

than 0.1% of levodopa related compound A and not more

than 0.5% of 3-methoxytyrosine, respectively. (A bleached

spot, which is an artifact resulting from the development of

the Sodium metabisulfite solution, may appear at an RF value

of about 0.6.)&1S (USP27)

BRIEFING

Levothyroxine Sodium Tablets, USP 26 page 1076 and page
2973 of the First Supplement. The Food and Drug Administration
recently approved a new drug application for this dosage form. Be-
cause of differences in dissolution results in vitro, the new formu-
lation was approved with a Dissolution test that differs from those
currently official. Therefore, it is proposed to add Dissolution Test
4 to this monograph. The proposed test was validated using a Li-
Chrospher RP-8 brand of L7 packing. In the absence of any ad-
verse comment, it is proposed to implement this revision via the
Fifth Interim Revision Announcement pertaining to USP 26–NF
21, with an official date of October 1, 2003.

(BPC: M. Marques) RTS—39392-1; 39409-1

Change to read:
Dissolution h711i—[NOTE—All containers that are in contact with
solutions containing levothyroxine sodium are to be made of glass.

.Do not use paddle stirrers with synthetic coating..5]
~

Test 1:
~USP26

Medium: 0.01 N hydrochloric acid containing 0.2% sodium
&lauryl&1S (USP26) sulfate; 500 mL.
Apparatus 2: 50 rpm.
Time: 45 minutes.
Determine the amount of C15H10I4NNaO4 dissolved by employ-

ing the following method.
Mobile phase—Prepare a filtered and degassed mixture of

methanol and 0.1% phosphoric acid (60:40).

.Make adjustments if necessary (see System Suitability un-

der Chromatography h621i)..5

Standard solution—Prepare a stock solution of USP Levothyr-
oxine RS in methanol having a known concentration of about 0.1
mg per mL. Dilute this stock solution with Dissolution Medium to
obtain a solution having a concentration similar to that expected in
the Test solution.
Test solution—[NOTE—Prior to use, check the filters for absorp-

tive loss of drug.] Use a filtered portion of the solution under test.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 225-nm detector and a
4.6-mm 6 25-cm column that contains packing L1. The flow rate
is about 2 mL per minute. Chromatograph the Standard solution,
and record the peak responses as directed for Procedure: the tailing
factor is not more than 1.5; and the relative standard deviation is
not more than 4.0%.
Procedure—Separately inject equal volumes (about 800 mL) of

the Standard solution and the Test solution into the chromatograph,
record the chromatograms, and measure the responses for the ma-
jor peaks. Calculate the amount of C15H10I4NNaO4 dissolved.
Tolerances—Not less than 70% (Q) of the labeled amount of

C15H10I4NNaO4 is dissolved in 45 minutes.
~

Test 2: If the product complies with this test, the labeling indi-
cates that it meets USP Dissolution Test 2.
Medium, Apparatus, Mobile phase, Standard solution, Test

solution, Chromatographic system, and Procedure—Proceed as di-
rected for Test 1.
Time: 15 minutes.
Tolerances—Not less than 80% (Q) of the labeled amount of

C15H10I4NNaO4 is dissolved in 15 minutes.
~USP26

.Test 3: [To come.]

Test 4: If the product complies with this test, the labeling

indicates that it meets USP Dissolution Test 4.

Medium: 0.01 N hydrochloric acid; 500 mL for tablets la-

beled to contain between 25 mg and 175 mg of levothyroxine

sodium; 900 mL for tablets labeled to contain 200 mg or 300

mg of levothyroxine sodium.

Apparatus 2: 75 rpm.

Time: 45 minutes.

Determine the amount of C15H10I4NNaO4 dissolved by

employing the following method.

Mobile phase—Prepare a filtered and degassed mixture of

water, acetonitrile, and 85% orthophosphoric acid

(700:500:2). Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Standard solution—Prepare a stock solution by transfer-

ing about 100 mg of USP Levothyroxine RS, accurately

weighed, to a 100-mL volumetric flask. Add 80 mL of alco-

hol and 1 mL of 1 N hydrochloric acid, sonicate for about 2

minutes, dilute with alcohol to volume, and mix. Dilute this
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stock solution with a mixture of alcohol and water (1:1) to

obtain a solution having a concentration of 0.01 mg of le-

vothyroxine per mL. Dilute this intermediate solution with

Dissolution Medium to obtain a solution having a concentra-

tion similar to that expected in the Test solution.

Test solution—Use a centrifuged portion of the solution

under test.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 225-nm detec-

tor and a 4.0-mm 6 12.5-cm column that contains packing

L7. The flow rate is about 1.5 mL per minute. Chromato-

graph the Standard solution, and record the peak responses

as directed for Procedure: the tailing factor is not more than

1.5; and the relative standard deviation is not more than

4.0%.

Procedure—Separately inject equal volumes (about 500

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

responses for the major peaks. Calculate the amount of

C15H10I4NNaO4.

Tolerances—Not less than 80% (Q) of the labeled amount

of C15H10I4NNaO4 is dissolved in 45 minutes..5

BRIEFING

Lindane, USP 26 page 1083; Lindane Cream, USP 26 page
1084; Lindane Lotion, USP 26 page 1084; Lindane Shampoo,
USP 26 page 1084. It is proposed to revise the Definition in these
monographs to designate the specific gamma isomer.

(PA7b: B. Davani) RTS—39547-1

Change to read:

» Lindane is the gamma isomer of hexachlorocyclo-
hexane. It contains not less than 99.0 percent and not
more than 100.5 percent of

&the gamma isomer of&1S (USP27)

C6H6Cl6.

BRIEFING

Lindane Cream, USP 26 page 1084—See briefing under Lin-
dane.

(PA7b: B. Davani) RTS—39547-2

Change to read:

» Lindane Cream is Lindane in a suitable cream base.
It contains not less than 90.0 percent and not more than
110.0 percent of the labeled amount of C6H6Cl6.

&the gamma isomer of lindane (C6H6Cl6).&1S (USP27)

BRIEFING

Lindane Lotion, USP 26 page 1084—See briefing under Lin-
dane.

(PA7b: B. Davani) RTS—39547-3

Change to read:

» Lindane Lotion is Lindane in a suitable aqueous ve-
hicle. It contains not less than 90.0 percent and not
more than 110.0 percent of the labeled amount of
C6H6Cl6.

&the gamma isomer of lindane (C6H6Cl6).&1S (USP27)
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BRIEFING

Lindane Shampoo, USP 26 page 1084—See briefing under
Lindane.

(PA7b: B. Davani) RTS—39547-4

Change to read:

» Lindane Shampoo is Lindane in a suitable vehicle. It
contains not less than 90.0 percent and not more than
110.0 percent of the labeled amount of C6H6Cl6.

&the gamma isomer of lindane (C6H6Cl6).&1S (USP27)

BRIEFING

Manganese Gluconate, USP 26 page 1124—See briefing under
Ferrous Fumarate.

(DSN: G. Giancaspro) RTS—31667-3

Change to read:
Limit of lead—[NOTE—For the preparation of all aqueous solu-
tions and for the rinsing of glassware before use, employ water that
has been passed through a strong-acid, strong-base, mixed-bed ion-
exchange resin before use. Select all reagents to have as low a con-
tent of lead as practicable, and store all reagent solutions in con-
tainers of borosilicate glass. Cleanse glassware before use by
soaking in warm 8 N nitric acid for 30 minutes and by rinsing with
deionized water.]
Ascorbic acid–sodium iodide solution—Dissolve 20 g of ascor-

bic acid and 38.5 g of sodium iodide in water in a 200-mL volu-
metric flask, dilute with water to volume, and mix.
Trioctylphosphine oxide solution—[Caution—This solution

causes irritation. Avoid contact with eyes, skin, and clothing. Take
special precautions in disposing of unused portions of solutions to
which this reagent is added.] Dissolve 5.0 g of trioctylphosphine
oxide in 4-methyl-2-pentanone in a 100-mL volumetric flask, di-
lute with the same solvent to volume, and mix.
Standard solution and Blank— Transfer 5.0 mL of Lead Nitrate

Stock Solution, prepared as directed in the test for Heavy Metals
h231i, to a 100-mL volumetric flask, dilute with water to volume,
and mix. Transfer 2.0 mL of the resulting solution to a 50-mL volu-
metric flask. To this volumetric flask and to a second, empty 50-mL
volumetric flask (Blank) add 10 mL of 9 N hydrochloric acid and
about 10 mL of water. To each flask add 20 mL of Ascorbic acid–
sodium iodide solution and 5.0 mL of Trioctylphosphine oxide
solution, shake for 30 seconds, and allow to separate. Add water

to bring the organic solvent layer into the neck of each flask, shake
again, and allow to separate. The organic solvent layers are the
Blank and the Standard solution, and they contain 0.0 mg and
2.0 mg of lead per mL, respectively.
Test solution—Add 1.0 g of Manganese Gluconate, 10 mL of 9

N hydrochloric acid, about 10 mL of water, 20 mL of Ascorbic
acid–sodium iodide solution, and 5.0 mL of Trioctylphosphine
oxide solution to a 50-mL volumetric flask, shake for 30 seconds,
and allow to separate. Add water to bring the organic solvent layer
into the neck of the flask, shake again, and allow to separate. The
organic solvent layer is the Test solution.
Procedure—Concomitantly determine the absorbances of the

Blank, the Standard solution, and the Test solution at the lead emis-
sion line at 283.3 nm, with a suitable atomic absorption spectro-
photometer (see Spectrophotometry and Light-Scattering h851i)
equipped with a lead hollow-cathode lamp and an air–acetylene
flame, using 4-methyl-2-pentanone

&the Blank&1S (USP27)

to set the instrument to zero. In a suitable analysis, the absorbance
of the Blank is not greater than 20% of the difference between

&
&1S (USP27)

the absorbance of the Standard solution and the absorbance of the
Blank

&are significantly different&1S (USP27)

: the absorbance of the Test solution does not exceed that of the
Standard solution (0.001%).

BRIEFING

Mechlorethamine Hydrochloride,USP 26 page 1135. It is pro-
posed to update the test for Ionic chloride content by replacing the
amperometric titration assembly with a commercially available po-
tentiometric analysis system that utilizes a common silver combi-
nation electrode. The proposed method retains the same chemical
reaction and produces comparable results.

(PA6: L. Evans) RTS—39296-1

Change to read:
Ionic chloride content—Dissolve about 30 mg, accurately
weighed, in 30 mL of water contained in a beaker. Add 5 mL of
nitric acid and 10 mL of gelatin solution (1 in 100). Stir the solu-
tion with the rotating platinum electrode of an amperometric titra-
tion assembly, the remainder of which consists of a suitable
microammeter and an agar-potassium nitrate salt bridge. When
the current flow has become constant at about 20 microamperes
to 50 microamperes, begin titrating rapidly with 0.01 N silver ni-
trate. When the current flow begins to increase, add the titrant
slowly, noting the volumes at three points suitable for determining
the endpoint graphically from the plotted volume-current flow re-
lationship. Each mL of 0.01 N silver nitrate is equivalent to 0.3545
mg of ionic chloride: between 18.0% and 19.3% of ionic chloride
is found.
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&and stir. Titrate with 0.02 N silver nitrate VS to a potentio-

metric endpoint, using a silver combination electrode. Per-

form a blank determination (see Titrimetry h541i), and make

any necessary correction. Each mL of 0.02 N silver nitrate is

equivalent to 0.709 mg of ionic chloride: not less than

18.0% and not more than 19.3% of ionic chloride is

found.&1S (USP27)

BRIEFING

Melphalan Tablets,USP 26 page 1144 and page 81 of PF 29(1)
[Jan.–Feb. 2003]. Revisions are being made to this monograph to
reflect the proper use of the USP Melphalan Hydrochloride RS.
These revisions are in accordance with changes to the directions
of use for the Reference Standard.

(PA6: L. Evans) RTS—39622-1

Change to read:
Dissolution h711i—

Medium: water; 500 mL.
Apparatus 2: 50 rpm.
Time: 45 minutes.
Procedure—Determine the amount of C13H18Cl2N2O2 dissolved

from UV absorbances at the wavelength of maximum absorbance
at about 262 nm of filtered portions of the solution under test, suit-
ably diluted with Dissolution Medium, if necessary, in comparison
with a Standard solution having a known concentration of USP
Melphalan Hydrochloride RS in the same medium.
Tolerances—Not less than 80% (Q) of the labeled amount of

C13H18Cl2N2O2 is dissolved in 45 minutes.

~

Medium: 0.1 N hydrochloric acid; 900 mL.

Apparatus 2: 50 rpm.

Time: 30 minutes.

Determine the amount of C13H18Cl2N2O2 dissolved by

employing the following method.

Mobile phase—Prepare a filtered and degassed mixture of

water, acetonitrile, ammonium acetate, glacial acetic acid,

and triethylamine (1500:500:2:2:0.4). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detec-

tor and a 4.6-mm6 5-cm column that contains packing L7.

The flow rate is about 1.5 mL per minute. Chromatograph

replicate injections of the Standard solution, and record the

peak responses as directed for Procedure: the relative stan-

dard deviation is not more than 3.0%.

Procedure—Inject a volume (about 50 mL) of a filtered

portion of the solution under test into the chromatograph,

record the chromatogram, and measure the response for

the major peak. Calculate the quantity of C13H18Cl2N2O2

dissolved in comparison with a Standard solution having a

known concentration of USP Melphalan Hydrochloride RS

in the same Medium and similarly chromatographed.

Tolerances—Not less than 80% (Q) of the labeled amount

of C13H18Cl2N2O2 is dissolved in 30 minutes.
~USP27

Change to read:
Assay—
Mobile phase—Prepare a solution of 0.025 M diethylamine in a

mixture of methanol and water (1:1), adjust with 3.5 N hydrochlor-
ic acid to a pH of 5.5, filter, and degas. Make adjustments if neces-
sary (see System Suitability under Chromatography h621i).
Standard preparation—Dissolve an accurately weighed quantity

of USPMelphalan Hydrochloride RS in alcohol, and quantitatively
dilute with alcohol to obtain a solution having a known concentra-
tion equivalent to

&of&1S (USP27)

about 0.9 mg of anhydrous

&
&1S (USP27)

melphalan hydrochloride per mL. Pipet 10 mL of this solution into
a 100-mL volumetric flask containing 75 mL of alcohol and 2.0
mL of glacial acetic acid, dilute with alcohol to volume, and mix
to obtain a Standard preparation having a known concentration of
about 90 mg of anhydrous

&
&1S (USP27)

USP Melphalan Hydrochloride RS per mL (equivalent to about 80
mg of anhydrous

&
&1S (USP27)

melphalan per mL).
Assay preparation—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the powder,
equivalent to 8 mg of anhydrous melphalan, to a 100-mL volu-
metric flask. Add about 75 mL of alcohol and 2.0 mL of glacial
acetic acid to the flask, and sonicate for 15 minutes. Cool, dilute
with alcohol to volume, and mix. Filter through a medium-por-
osity, sintered-glass funnel, discarding the first few mL of the fil-
trate, and use the remainder of the filtrate as the Assay preparation.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and a
4.2-mm 6 25-cm column that contains packing L7. The flow rate
is about 1 mL per minute. Chromatograph the Standard prepara-
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tion, and record the peak responses as directed for Procedure: the
tailing factor for the analyte peak is not more than 2.0; and the re-
lative standard deviation for replicate injections is not more than
2.0%.
Procedure—Separately inject equal volumes (between 10 and 20

mL) of the Standard preparation and the Assay preparation into the
chromatograph, record the chromatograms, and measure the re-
sponses for the major peaks. Calculate the quantity, in mg, of mel-
phalan (C13H18Cl2N2O2) in the portion of Tablets taken by the
formula:

(305.20 / 341.67)(0.1C)(rU / rS),

in which 305.20 and 341.67 are the molecular weights of melpha-
lan and melphalan hydrochloride, respectively; C is the concentra-
tion, in mg per mL, of anhydrous

&
&1S (USP27)

melphalan hydrochloride in the Standard preparation; and rU and
rS are the peak responses obtained from the Assay preparation and
the Standard preparation, respectively.

BRIEFING

Mexiletine Hydrochloride Capsules, USP 26 page 1231. It is
proposed to replace the quantitative step in the Dissolution test
from a fluorescence method to a first order differential UV method.
The dyes used in the hard gelatin capsule shell interfere with the
direct assay of the drug in solution. Using the first order differential
spectrum of the drug, its concentration can be measured indepen-
dently in the presence or absence of capsule ingredients.

(BPC: M. Marques) RTS—34743-1

Change to read:
Dissolution h711i—

Medium: water; 900 mL.
Apparatus 2: 50 rpm.
Time: 30 minutes.
Procedure—Determine the amount of C11H17NO �HCl dissolved

from fluorescence intensities, using the maximum excitation wave-
length at about 265 nm and the maximum emission wavelength at
about 295 nm, of filtered portions of the solution under test, suit-
ably diluted with Dissolution Medium, if necessary, in comparison
with a Standard solution having a known concentration of USP
Mexiletine Hydrochloride RS in the same medium.

&Determine the amount of C11H17NO �HCl dissolved from

the difference between first derivative values at the wave-

lengths of maximum and minimum first derivative absor-

bance in the wavelength range from 230 to 290 nm on

filtered portions of the solution under test, suitably diluted

with Dissolution Medium, if necessary, in comparison with

a Standard solution having a known concentration of USP

Mexiletine Hydrochloride RS in the sameMedium.&1S (USP27)

Tolerances—Not less than 80% (Q) of the labeled amount of
C11H17NO �HCl is dissolved in 30 minutes.

BRIEFING

Naratriptan Hydrochloride, page 1827 of PF 28(6) [Nov.–
Dec. 2002]. It is proposed to add a storage temperature requirement
to the Packaging and storage section.

(PA3: S. Salado) RTS— 39643-1

Add the following:

~Naratriptan Hydrochloride

C17H25N3O2S �HCl 371.93

1H-Indole-5-ethanesulfonamide, N-methyl-3-(1-methyl-4-

piperidinyl)-, monohydrochloride.

N-Methyl-3-(1-methyl-4-piperidyl)indole-5-ethanesulfona-

mide monohydrochloride [143388-64-1].

»Naratriptan Hydrochloride contains not less than

98.0 percent and not more than 101.0 percent of

C17H25N3O2S �HCl, calculated on the anhydrous

and solvent free-basis.
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Change to read:

Packaging and storage—Preserve in tight containers

&, and store below 308.&1S (USP27)

USP Reference standards h11i—USP Naratriptan Hydro-

chloride RS. USP Naratriptan Related Compound A RS.

USP Naratriptan Related Compound B RS.

NOTE—When performing assays and tests, store all stan-

dard, system suitability, and sample solutions in a cool

place, protected from light.

Identification—

A: Infrared Absorption h197Mi.

B: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

C: It meets the requirements of the test for dry chlorides

under Chloride h191i.

Water, Method I h921i: not more than 0.5%.

Heavy metals, Method II h231i: 0.002%.

Chromatographic purity—

0.05 M Ammonium phosphate buffer—Dissolve 5.75 g of

monobasic ammonium phosphate in 1000 mL of water, and

adjust with phosphoric acid to a pH of 3.00 + 0.05.

Solution A—Prepare a filtered and degassed mixture of

0.05 M Ammonium phosphate buffer and acetonitrile (97:3).

Solution B—Prepare a filtered and degassed mixture of

0.05 M Ammonium phosphate buffer and acetonitrile (4:1).

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Resolution solution—Dissolve accurately weighed quan-

tities of USP Naratriptan Hydrochloride RS and USP Nara-

triptan Related Compound B RS in water to obtain a

solution having known concentrations of about 0.11 mg

per mL and 0.11 mg per mL, respectively.

Test solution—Dissolve an accurately weighed quantity of

Naratriptan Hydrochloride in water to obtain a solution hav-

ing a known concentration of about 0.11 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 225-nm detec-

tor and a 4.6-mm 6 15-cm column that contains 4-mm

packing L1. The column temperature is maintained at 408.

The flow rate is about 1.5 mL per minute. The chromato-

graph is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–35.0 100?0 0?100 linear gradient

35.0–40.0 0 100 isocratic

40.0–40.1 0?100 100?0 linear gradient

40.1–50.0 100 0 re-equilibration

Chromatograph the Resolution solution, and record the peak

responses as directed for Procedure: the relative retention

times are about 1.04 for naratriptan related compound B

and 1.0 for naratriptan; and the resolution, R, between nar-

atriptan and naratriptan related compound B is not less than

1.5.

Procedure—Inject a volume (about 20 mL) of the Test

solution into the chromatograph, record the chromatogram,

and measure the areas for all of the peaks. Calculate the per-

centage of each impurity in the portion of Naratriptan

Hydrochloride taken by the formula:

100Fri/(rN + �Fri),

100(ri /F)/[rN + �(ri /F)],
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in which F is the relative response factor (see the accompa-

nying table for values) for each impurity; ri is the peak re-

sponse for each impurity; and rN is the naratriptan peak

response (see the accompanying table for limits).

Relative

retention time

Relative

response factor (F) Limit (%)

0.93 1.0 0.2

1.04 0.6 0.1

1.18 0.6 0.2

1.25 0.4 0.2

1.36 0.6 0.3

1.44 0.5 0.1

1.48 1.0 0.2

1.90 1.00 0.2

In addition to not exceeding the limits listed in the accom-

panying table, not more than 0.1% of any other individual

impurity is found; and not more than 1.5% of total impuri-

ties is found.

Organic volatile impurities, Method IV h467i: meets the

requirements.

Solvent: dimethyl sulfoxide.

Assay—

0.01 M Triethylamine phosphate buffer—Dilute 0.6 mL of

phosphoric acid with water to 900 mL, and adjust with

triethylamine to a pH of 2.5.

Mobile phase—Prepare a filtered and degassed mixture of

0.01 M Triethylamine phosphate buffer and isopropyl alco-

hol (9:1). Make adjustments if necessary (see System Suit-

ability under Chromatography h621i).

Resolution solution—Dissolve accurately weighed quan-

tities of USP Naratriptan Hydrochloride RS, USP Naratrip-

tan Related Compound A RS, and USP Naratriptan Related

Compound B RS in Mobile phase to obtain a solution hav-

ing known concentrations of about 0.11 mg per mL, 0.11 mg

per mL, and 0.11 mg per mL, respectively.

Standard preparation—Dissolve an accurately weighed

quantity of USP Naratriptan Hydrochloride RS in Mobile

phase, and dilute quantitatively, and stepwise if necessary,

withMobile phase to obtain a solution having a known con-

centration of about 0.11 mg per mL.

Assay preparation—Transfer about 11 mg of Naratriptan

Hydrochloride, accurately weighed, to a 100-mL volumetric

flask, dissolve in and dilute with Mobile phase to volume,

and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 282-nm detec-

tor and a 4.6-mm 6 15-cm column that contains 3-mm

packing L11. The column temperature is maintained at

358. The flow rate is about 1.5 mL per minute. Chromato-

graph the Resolution solution, and record the peak responses

as directed for Procedure: the relative retention times are

about 0.9 for naratriptan related compound A, 1.0 for nara-

triptan, and 1.1 for naratriptan related compound B; and the

resolution, R, between naratriptan related compound A and

naraptriptan and between naratriptan related compound B

and naratriptan is not less than 1.5. Chromatograph the Stan-

dard preparation, and record the peak responses as directed

for Procedure: the relative standard deviation for replicate

injections is not more than 1.5%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the areas for the major peaks. Calculate the quan-

tity, in mg, of C17H25N3O2S �HCl in the portion of Naratrip-

tan Hydrochloride taken by the formula:

100C(rU / rS),
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in which C is the concentration, in mg per mL, of USP Nar-

atriptan Hydrochloride RS in the Standard preparation; and

rU and rS are the peak responses obtained from the Assay

preparation and the Standard preparation, respective-

ly.
~USP27

BRIEFING

Ammonia N 13 Injection, USP 26 page 1319. It is proposed to
revise the test for Radiochemical purity to provide more specific
information in the Chromatographic system and Procedure sec-
tions.

(RMI: F. Barletta) RTS—39514-1

Change to read:
Radiochemical purity—
Mobile phase—Add 0.25 mL of concentrated nitric acid to 1000

mL of a mixture of water and methanol (7:3), filter, and degas.
Standard solution—Dissolve an accurately weighed quantity of

USP Ammonium Chloride RS in water, and dilute quantitatively,
and stepwise if necessary, with water to obtain a solution having a
known concentration of about 0.1 mg per mL.
Test solution—Use the Injection.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 4.1-mm6 25-cm column
that contains 10-mm packing L17. It is equipped with a suitable
detector, with sufficient sensitivity to detect nonradioactive ammo-
nia

&gamma ray detector and a conductivity detector.&1S (USP27)

The flow rate is about 2.0 mL per minute. Chromatograph the Test
solution, and record the peak responses as directed for Procedure:
the relative standard deviation for replicate injections is not more
than 5%.
Procedure—Prepare a mixture of the Standard solution and the

Test solution (1:1), and inject about 20 mL of the mixture into the
chromatograph, record the chromatograms, and measure

&the peak areas.&1S (USP27)

The areas of both the

&main&1S (USP27)

radioactive and nonradioactive peaks

&are equal.&1S (USP27)

[NOTE—The volume of Injection may be adjusted to obtain suit-
able detection system sensitivity.] The radioactivity of the major
peak is not less than 95% of the total radioactivity measured.
The retention time of the Test solution corresponds to the retention
time of the Standard solution.

BRIEFING

Nystatin Vaginal Inserts—See briefing under Clotrimazole Va-
ginal Tablets.

(NL: C. Barnstein; PA7: W. Wright) RTS—39570-1

Add the following:

&Nystatin Vaginal Inserts
(Monograph under this new title—to become official
October 1, 2005)
Current monograph title is Nystatin Vaginal Tablets

» Nystatin Vaginal Inserts are composed of Ny-

statin with suitable binders, diluents, and lubri-

cants. Vaginal Inserts contain not less than 90.0

percent and not more than 140.0 percent of the la-

beled amount of USP Nystatin Units.

Packaging and storage—Preserve in tight, light-resistant

containers and, where so specified in the labeling, in a re-

frigerator.

USP Reference standards h11i—USP Nystatin RS.

Disintegration h701i: 60 minutes.

Loss on drying h731i—Dry about 100 mg, accurately

weighed, of powdered Vaginal Inserts in a capillary-stop-

pered bottle in vacuum at a pressure not exceeding 5 mm

of mercury at 608 for 3 hours: it loses not more than 5.0%

of its weight.

Assay—Proceed with Vaginal Inserts as directed in the As-

say under Nystatin Tablets.&1S (USP27)

(Official October 1, 2005)
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BRIEFING

Nystatin Vaginal Tablets, USP 26 page 1343. It is proposed to
change the title of this monograph to Nystatin Vaginal Inserts. See
also briefing under Clotrimazole Vaginal Tablets.

(NL: C. Barnstein; PA7a: W. Wright) RTS—39570-1

Nystatin Vaginal Tablets
(Current title—not to change until October 1, 2005)
Monograph title change—to become official October 1,
2005
(see Official Title Changes on the first page of In-Pro-
cess Revision):
See Nystatin Vaginal Inserts

Change to read:

» Nystatin Vaginal Tablets are tablets

&
&1S (USP27)

composed of Nystatin with suitable binders, diluents,
and lubricants. Tablets contain not less than 90.0 per-
cent and not more than 140.0 percent of the labeled
amount of USP Nystatin Units.

Change to read:
Assay—Proceed with Vaginal Tablets as directed in the

&Assay under&1S (USP27)

Nystatin Tablets.

BRIEFING

Octixonate,USP 26 page 1345. Based on comments received, it
is proposed to specify that the Refractive index is determined at
208.

(PA6: L. Evans) RTS—39525

Change to read:
Refractive index h831i: between 1.542 and 1.548

&at 208.&1S (USP27)

BRIEFING

Oxybutynin Chloride, USP 26 page 1364 and page 1561 of PF
26(6) [Nov.–Dec. 2000]. The revision to the test for Chromato-
graphic purity that was proposed in PF 26(6) has been cancelled.
On the basis of comments received, it is now proposed to replace
the current official test for Chromatographic purity with a test for
Related compounds that provides improved selectivity of the liquid
chromatographic method. The new proposed procedure for the Re-
lated compounds test is based on analyses performed with 3.5-mm
Zorbax C8, or with 3-mm Luna C8 brands of L7 column. The typ-
ical retention time for oxybutynin chloride is about 14 minutes.
Please note the correct names for the oxybutynin chloride related

compounds as listed under Procedure.
It is also proposed to replace the titration procedure in the Assay

with the liquid chromatographic procedure proposed in the test for
Related compounds. The procedure for the Assay is based on ana-
lyses performed with a 5-mm Symmetry C8 brand of L7 column.
The typical retention time for oxybutynin chloride is about 14 min-
utes. It is also proposed to add a storage statement to the Packaging
and storage section.

(PA4: E. Gonikberg) RTS—37066-1; 34384-1; 38416-1

Change to read:
Packaging and storage—Preserve in well-closed containers.

&Store at room temperature, and avoid excessive heat and

freezing. Protect from light and moisture.&1S (USP27)

Change to read:
USP Reference standards h11i—USP Oxybutynin Chloride RS.
USP Phenylcyclohexylglycolic Acid RS.

&USP Oxybutynin Chloride Related Compound A RS. USP

Oxybutynin Related Compound B RS. USP Oxybutynin Re-

lated Compound C RS.&1S (USP27)

Delete the following:
&Chromatographic purity—
Triethanolamine phosphate solution—Dissolve 2 mL of trietha-

nolamine in about 900 mL of water in a 1000-mL volumetric flask,
adjust with phosphoric acid to a pH of 3.5, dilute with water to
volume, and mix.
Mobile phase—Prepare a degassed and filtered mixture of ace-

tonitrile and Triethanolamine phosphate solution (65:35). Make
adjustments if necessary (see System Suitability under Chromatog-
raphy h621i).
Standard preparation—Prepare a solution containing 2.0 mg of

USP Oxybutynin Chloride RS per mL and 10 mg of USP Phenyl-
cyclohexylglycolic Acid RS per mL in acetonitrile. Filter through a
0.45-mm filter.
Test preparation—Transfer 200 mg of Oxybutynin Chloride, ac-

curately weighed, to a 100-mL volumetric flask, dissolve in aceto-
nitrile, dilute with acetonitrile to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 200-nm detector and a
4.6-mm 6 25-cm column that contains packing L7, and a short
pre-column that contains packing L7 is used if necessary. The col-
umn is maintained at a temperature of 458. The flow rate is about 3
mL per minute. Chromatograph a solution in acetonitrile contain-
ing 40 mg per mL each of USP Oxybutynin Chloride RS and USP
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Phenylcyclohexylglycolic Acid RS, and record the peak responses
as directed under Procedure: the relative standard deviation of the
responses for replicate injections is not more than 3.0%, and the
resolution, R, of the main peaks is not less than 5.0.
Procedure—Separately inject equal volumes (about 20 mL) of

the Standard preparation and the Test preparation into the chro-
matograph, and record the chromatograms. The relative retention
times are about 0.2 for phenylcyclohexylglycolic acid and 1.0 for
oxybutynin. In the chromatogram of the Test preparation, any peak
corresponding in retention time to phenylcyclohexylglycolic acid
has a response not greater than that in the chromatogram of the
Standard preparation, and the sum of the responses of all peaks,
excluding the solvent front and oxybutynin, is not greater than
twice that value.&1S (USP27)

Add the following:

&Related compounds—

Phosphate buffer and Mobile phase—Prepare as directed

in the Assay.

System suitability solution—Dissolve accurately weighed

quantities of USP Oxybutynin Chloride RS, USP Oxybuty-

nin Related Compound A RS, USP Oxybutynin Related

Compound B RS, and USP Oxybutynin Related Compound

C RS in Mobile phase, and dilute quantitatively, and step-

wise if necessary, with Mobile phase to obtain a solution

having known concentrations of 50 mg of each Reference

Standard per mL.

Standard solution—Transfer 2.0 mL of the System suit-

ability solution to a 10-mL volumetric flask, and dilute with

Mobile phase to volume. This solution contains about 10 mg

of each Reference Standard per mL.

Test solution—Transfer about 50 mg of Oxybutynin Chlo-

ride, accurately weighed, to a 10-mL volumetric flask, dis-

solve in and dilute with Mobile phase to volume, and mix.

Chromatographic system—Proceed as directed in the As-

say. Chromatograph the System suitability solution, and re-

cord the peak responses as directed for Procedure: the

resolution, R, between oxybutynin related compound B

and oxybutynin related compound C peaks is not less than

1.5; and the relative standard deviation for replicate injec-

tions, determined from all peaks, is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard solution and Test solution into the chro-

matograph, record the chromatograms for a total time of not

less than twice the retention time of the oxybutynin peak,

and measure all of the peak responses (see Table 1 for

known impurities). Calculate the percentage of each peak

due to oxybutynin related compound A, oxybutynin related

compound B, and oxybutynin related compound C in the

portion of Oxybutynin Chloride taken by the formula:

(C/W)(rU / rS),

in which C is the concentration, in mg per mL, of the corre-

sponding related compound in the Standard solution;W is

the weight, in mg, of Oxybutynin Chloride taken to prepare

the Test solution; and rU and rS are the peak responses for the

corresponding related compound obtained from the Test

solution and the Standard solution, respectively. Calculate

the percentage of each impurity, except oxybutynin related

compounds A, B, and C, in the portion of Oxybutynin Chlo-

ride taken by the formula:

(C/W)(rU / rO),

in which rO is the peak response for the oxybutynin peak in

the Standard solution, and the other terms are as defined

above.

Table 1

Relative

Retention

Time Name Limit (%)

0.08 Oxybutynin related compound A1 1.0

0.37 Diphenyl analog of oxybutynin chlo-

ride

0.1

0.65 Oxybutynin related compound B2 1.0

0.79 Oxybutynin related compound C3 1.0
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Relative

Retention

Time Name Limit (%)

1.77 Cyclohexylcyclohexenyl analog of

oxybutynin chloride

1.0

1.89 Ethylpropyl analog of oxybutynin

chloride

0.1

1 phenylcyclohexylglycolic acid (cyclohexylmandelic

acid, or CHMA);

2 methyl ester of phenylcyclohexylglycolic acid (methyl

ester of cyclohexylmandelic acid, or CHMME);

3 methylethyl analog of oxybutynin chloride, or 4-(ethyl-

methylamino)-2-butynyl (+) a- phenylcyclohexane gly-

colate;

In addition to not exceeding the limits for each impurity in

Table 1, not more than 0.1% of any other single impurity is

found; and not more than 1.0% of total impurities is

found.&1S (USP27)

Change to read:
Assay—Dissolve about 500 mg of oxybutynin chloride, accurately
weighed, in 50 mL of glacial acetic acid, and add 10 mL of mer-
curic acetate TS. Add five drops of crystal violet TS, and titrate (see
Titrimetry h541i) with 0.1 N perchloric acid VS to an emerald-
green endpoint. Perform a blank determination, and make any
necessary correction. Each mL of 0.1 Nperchloric acid is equiva-
lent to 39.40 mg of C22H31NO3 �HCl.

&Phosphate buffer—Dissolve about 3.40 g of monobasic

potassium phosphate and 4.35 g of dibasic potassium phos-

phate in 1 liter of water, and mix.

Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile and Phosphate buffer (51:49). Make adjust-

ments if necessary (see System Suitabil i ty under

Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Oxybutynin Chloride RS in Mobile phase,

and dilute quantitatively, and stepwise if necessary, with

Mobile phase to obtain a solution having a known concen-

tration of about 0.5 mg per mL.

Assay preparation—Transfer about 50 mg of Oxybutynin

Chloride, accurately weighed, to a 100-mL volumetric flask,

dissolve in and dilute with Mobile phase to volume, and

mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 210-nm detec-

tor and a 3-mm 4.6-mm 6 7.5-cm column or 5-mm 3.9-mm

6 15-cm column that contains packing L7. The column

temperature is maintained at 458. The flow rate is about 1

mL per minute. Chromatograph the Standard preparation,

and record the peak responses as directed for Procedure:

the relative standard deviation for replicate injections is

not more than 2.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

quantity, in mg, of C22H31NO3 �HCl in the portion of Oxy-

butynin Chloride taken by the formula:

100C(rU / rS),

in which C is the concentration, in mg per mL, of USP Oxy-

butynin Chloride RS in the Standard preparation; and rU

and rS are the peak responses obtained from the Assay prep-

aration and the Standard preparation, respectively.&1S (USP27)
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BRIEFING

Oxycodone and Acetaminophen Capsules, USP 26 page
1369—See briefing under Acetaminophen and Codeine Phosphate
Capsules.

(NL: C. Barnstein; PA2: J. Kelly) RTS—39586-1

Delete the following:
&Pharmacy Equiva lent Name: Co-oxycodAPAP Cap-
sules&1S (USP27)

BRIEFING

Oxycodone and Acetaminophen Tablets, USP 26 page
1370—See briefing under Acetaminophen and Codeine Phosphate
Capsules.

(NL: C. Barnstein; PA2: J. Kelly) RTS—39587-1

Delete the following:
&Pharmacy Equivalent Name: Co-oxycodAPAP Tablets&1S (USP27)

BRIEFING

Oxycodone Terephthalate,USP 26 page 1371. It is proposed to
delete the cross reference in the Procedure for the Assay and to add
requirements for recording the chromatograms and measuring the
peak responses. In addition, minor editorial style changes have
been made.

(PA2: J. Kelly) RTS—39497-1

Change to read:
Assay—
Mobile phase—Dissolve 2.2 g of sodium 1-octanesulfonate in

740 mL of water, add 260 mL of methanol, 10 mL of glacial acetic
acid, and 0.1 mL of triethylamine. Mix, and adjust with 5 N sodium
hydroxide to a pH of 6.5 + 0.1. Pass through a suitable filter hav-
ing a 0.5-mm or finer porosity, and degas. Make adjustments if
necessary (see System Suitability under Chromatography h621i).
Diluting solution—Use 0.1 N hydrochloric acid.
Internal standard solution—Transfer about 50 mg of ethylpara-

ben to a 500-mL volumetric flask, add 10 mL of methanol, and
swirl to dissolve. Dilute withDiluting solution to volume, and mix.
Standard preparation—Dissolve an accurately weighed quantity

of USP Oxycodone RS in Diluting solution, and dilute quantita-
tively with Diluting solution to obtain a stock solution having a
known concentration of about 0.75 mg per mL. Transfer 15.0
mL of this stock solution to a 100-mL volumetric flask, add 20.0
mL of Internal standard solution, dilute with Diluting solution to
volume, and mix to obtain a Standard preparation having a known
concentration of about 0.1125 mg of USP Oxycodone RS per mL.
Assay preparation—Transfer about 142 mg of Oxycodone Ter-

ephthalate, accurately weighed, to a 200-mL volumetric flask, di-
lute with Diluting solution to volume, and mix. Filter this solution,
discarding the first 5 mL of the filtrate. Transfer 10.0 mL of the
clear filtrate to a 50-mL volumetric flask, add 10.0 mL of Internal
standard solution, dilute with Diluting solution to volume, and
mix. Use this solution as the Assay preparation.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 280-nm detector and a
3.9-mm 6 15-cm column that contains packing L1 and is main-
tained at a temperature of 50 + 1.08. The flow rate is about 1 mL
per minute. Chromatograph the Standard preparation, and record
the responses as directed under Procedure: the column efficiency,
determined from the oxycodone peak, is not less than 1800 theo-
retical plates; the resolution, R, between oxycodone and ethylpar-
aben is not less than 6; and the relative standard deviation for
replicate injections is not more than 2.0%.
Procedure—Proceed as directed for Procedure in the Assay un-

der Oxycodone Hydrochloride.

&Separately inject equal volumes (about 30 mL) of the Stan-

dard preparation and the Assay preparation into the chro-

matograph, record the chromatograms for a period of time

that is twice the retention time of the main oxycodone peak,

and measure the peak responses for ethylparaben and oxy-

codone.&1S (USP27)

Calculate the quantity, in mg, of (C18H21NO4)2 �C8H6O4 in the por-
tion of Oxycodone Terephthalate taken by the formula:

(398.43 / 315.37)(1000C)(RU / RS),

in which 398.43 is one-half of the molecular weight of oxycodone
terephthalate; 315.37 is the molecular weight of oxycodone; C is
the concentration, in mg per mL, of USP Oxycodone RS in the
Standard preparation; and RU and RS are the ratios of the peak re-
sponse of oxycodone to that of ethylparaben obtained from the As-
say preparation and the Standard preparation, respectively.
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BRIEFING

Oxytetracycline Hydrochloride and Polymyxin B Sulfate Va-
ginal Inserts—See briefing under Clotrimazole Vaginal Tablets.

(NL: C. Barnstein; PA7a: W. Wright) RTS—39571-1

Add the following:

&Oxytetracycline Hydrochloride and
Polymyxin B Sulfate Vaginal Inserts
(Monograph under this new title—to become official Oc-
tober 1, 2005)
Current monograph title is Oxytetracycline Hydro-
chloride and Polymyxin B Sulfate Vaginal Tablets

» Oxytetracycline Hydrochloride and Polymyxin

B Sulfate Vaginal Inserts contain the equivalent

of not less than 90.0 percent and not more than

120.0 percent of the labeled amounts of oxytetra-

cycline (C22H24N2O9) and polymyxin B.

Packaging and storage—Preserve in well-closed con-

tainers.

USP Reference standards h11i—USP Oxytetracycline RS.

USP Polymyxin B Sulfate RS.

Loss on drying h731i—Dry about 100 mg, accurately

weighed, of powdered Vaginal Inserts in a capillary-stop-

pered bottle in vacuum at a pressure not exceeding 5 mm

of mercury at 608 for 3 hours: it loses not more than 3.0%

of its weight.

Assay for oxytetracycline—Place not less than 5 Vaginal

Inserts in a high-speed blender jar containing an accurately

measured volume of 0.1 N hydrochloric acid, so that the

stock solution obtained after blending for 3 to 5 minutes

contains not less than 150 mg of oxytetracycline per mL.

Proceed as directed for oxytetracycline under Antibiotics—

Microbial Assays h81i, using an accurately measured vol-

ume of this solution diluted quantitatively and stepwise with

water to obtain a Test Dilution having a concentration of

oxytetracycline assumed to be equal to the median dose le-

vel of the Standard.

Assay for polymyxin B—Weigh and finely powder not less

than 5 Vaginal Inserts. Transfer an accurately weighed por-

tion of the powder, equivalent to about 100,000 USP Poly-

myxin B Units, to a filter funnel equipped with a solvent-

resistant membrane filter (1-mm or finer porosity). Wash

the powder with five 20-mL portions of acetone, applying

vacuum, and discarding the accumulated filtrate. [NOTE—

If necessary, wash the powder with additional portions of

acetone to remove any yellow color.] Carefully transfer

the filter and the washed powder to a beaker containing

about 400 mL of Buffer No. 6 (see Antibiotics—Microbial

Assays h81i), and stir. Transfer the contents of the beaker

to a 500-mL volumetric flask with the aid of Buffer No. 6,

dilute with the same solvent to volume, and mix. Proceed as

directed for polymyxin B under Antibiotics—Microbial As-

says h81i, using an accurately measured volume of this

solution diluted quantitatively and stepwise with Buffer

No. 6 to yield a Test Dilution having a concentration of poly-

myxin B assumed to be equal to the median dose level of the

Standard.&1S (USP27)

(Official October 1, 2005)

BRIEFING

Oxytetracycline Hydrochloride and Polymyxin B Sulfate Va-
ginal Tablets, USP 26 page 1384. It is proposed to change the title
of this monograph toOxytetracycline Hydrochloride and Polymyx-
in B Sulfate Vaginal Inserts. See also briefing under Clotrimazole
Vaginal Tablets.

(NL: C. Barnstein; PA7a: W. Wright) RTS—39571-1
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Oxytetracycline Hydrochloride and
Polymyxin B Sulfate Vaginal Tablets
(Current title—not to change until October 1, 2005)
Monograph title change—to become official October 1,
2005
(see Official Title Changes on the first page of In-Pro-
cess Revision):
See Oxytetracycline Hydrochloride and Polymyxin B
Sulfate Vaginal Inserts

BRIEFING

Paricalcitol; Paricalcitol Injection. Because there are no exist-
ingUSPmonographs for this drug substance and dosage form, new
monographs, based on validated methods of analysis, are being
proposed. The liquid chromatographic procedures in the test for
Chromatographic purity under Paricalcitol are based on analyses
performed with the Supelcosil LC-18-DB brand of L1 column. The
typical retention time for paricalcitol is about 37 minutes. The liq-
uid chromatographic procedures in the Assay under Paricalcitol
and Paricalcitol Injection are based on analyses performed with
the Supelcosil LC-18-DB brand of L1 column. The typical reten-
tion time for paricalcitol is about 12 minutes. The liquid chromato-
graphic procedures in the test for Related compounds under
Paricalcitol Injection are based on analyses performed with the
Alltima C18 brand of L1 column. The typical retention time for
paricalcitol is about 20 minutes. The liquid chromatographic pro-
cedures in the test for Content of propylene glycol and alcohol un-
der Paricalcitol Injection are based on analyses performed with the
Aminex HPX-87H brand of L17 column. The typical retention
times for propylene glycol and alcohol are 13 and 17 minutes, re-
spectively.

(PA4: E. Gonikberg) RTS—34173-1

Add the following:

&Paricalcitol

C27H44O3 416.64

19-Nor-1-a,25-dihydroxyvitamin D2

(1a,3b,7E,22E)-19-Nor-9,10-secoergosta-5,7,22-triene-

1,3,25-triol.

(7E,22E)-19-Nor-9,10-secoergosta-5,7,22-triene-1a,3b,25-

triol [131918-61-1].

» Paricalcitol contains not less than 97.0 percent

and not more than 103.0 percent of C27H44O3, cal-

culated on the dried basis.

Caution—Handle Paricalcitol with exceptional

care because it is very potent. Care should be ta-

ken to prevent inhaling particles of Paricalcitol

and exposing the skin to it.

Packaging and storage—Preserve in tight, light-resistant

containers, and store under argon in a freezer.

USP Reference standards h11i—USP Paricalcitol RS.

Identification—

A: Infrared Absorption h197Ki.

B: Ultraviolet Absorption h197Ui—

Solution: 5 mg per mL.

Medium: dehydrated alcohol.

Ratios: A243 /A251, between 0.80 and 0.86; and A251 /A261,

between 0.63 and 0.69.

Loss on drying (see Thermal Analysis h891i)—Determine

the percentage of volatile substances by thermogravimetric

analysis on an appropriately calibrated instrument, using

about 8 mg of Paricalcitol, accurately weighed. Heat at a

rate of 58 per minute between ambient temperature and

1508 in an atmosphere of nitrogen at a flow rate of 40 mL

per minute. From the thermogram determine the accumu-

lated loss in weight: it loses not more than 2.0% of its

weight.
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Chromatographic purity—

Diluent—Prepare a mixture of water and dehydrated alco-

hol (1:1).

Butylparaben solution—Transfer about 25 mg of butyl-

paraben to a 100-mL volumetric flask, dilute with Diluent

to volume, and mix

Solution A—Use filtered and degassed water.

Solution B—Use filtered and degassed acetonitrile.

Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard solution—Prepare a solution of USP Paricalcitol

RS inDiluent having a known concentration of about 0.1 mg

of paricalcitol per mL.

Control standard solution—Transfer 3.0 mL of the Stan-

dard solution to a 10.0-mL volumetric flask, dilute with Dil-

uent to volume, and mix.

Test stock solution—Transfer about 10 mg of Paricalcitol,

accurately weighed, to a 50-mL volumetric flask, dissolve in

and dilute with dehydrated alcohol to volume, and mix.

Resolution solution—Transfer 1 mL of the Butylparaben

solution and 1 mL of the Test stock solution to a 100-mL

volumetric flask, dilute with Diluent to volume, and mix.

Transfer 1 mL of this solution to a 10-mL volumetric flask,

dilute with Diluent to volume, and mix.

Test solution—Prepare a mixture of the Test stock solution

and water (1:1).

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 252-nm detec-

tor and a 4.6-mm 6 25-cm column that contains 5-mm

packing L1. The flow rate is about 2 mL per minute. The

chromatograph is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–10 95 5 isocratic

10–30 95?45 5?55 linear gradient

30–40 45 55 isocratic

40–45 45?0 55?100 linear gradient

45–50 0 100 isocratic

Chromatograph the Resolution solution, and record the peak

responses as directed for Procedure: the resolution, R, be-

tween paricalcitol and butylparaben is not less than 12.0.

Chromatograph the Standard solution and the Control stan-

dard solution, and record the peak responses as directed for

Procedure: the area ratio for the paricalcitol peak from the

Standard solution to that from the Control standard solution

is between 1.8 and 4.0; and the relative standard deviation

for replicate injections of the Standard solution is not more

than 10.0%.

Procedure—Separately inject equal volumes (about 100

mL) of the Diluent, the Standard solution, and the Test solu-

tion into the chromatograph, record the chromatograms, and

measure the peak responses, disregarding any peaks corre-

sponding to those obtained from the Diluent. Calculate the

percentage of each impurity in the portion of Paricalcitol ta-

ken by the formula:

10(C/W)(ri / rS),

in which C is the concentration, in mg per mL, of USP Par-

icalcitol RS in the Standard solution; W is the weight, in mg,

of Paricalcitol taken to prepare the Test stock solution; ri is

the peak response for each impurity obtained from the Test

solution; and rS is the paricalcitol peak response obtained

from the Standard solution: not more than 0.1% of any in-

dividual impurity is found; and not more than 0.5% of total

impurities is found.
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Assay—

Mobile phase—Prepare a filtered and degassed mixture of

methanol and water (4:1). Make adjustments if necessary

(see System Suitability under Chromatography h621i).

Diluent—Prepare a mixture of methanol and water (1:1).

Standard preparation—Prepare a solution of USP Pari-

calcitol RS in dehydrated alcohol having a known concen-

tration of about 0.5 mg per mL. Dilute this solution

quantitatively, and stepwise if necessary, withDiluent to ob-

tain a solution having a known concentration of about 5.0

mg per mL.

Assay preparation—Transfer about 25 mg of Paricalcitol,

accurately weighed, to a 50-mL low actinic volumetric

flask, dissolve in and dilute with dehydrated alcohol to vol-

ume, and mix. Transfer 2.0 mL of this solution to a 200-mL

volumetric flask, dilute with Diluent to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 252-nm detec-

tor and a 4.6-mm 6 25-cm column that contains 5-mm

packing L1. The flow rate is about 2 mL per minute. Chro-

matograph the Standard preparation, and record the peak

responses as directed for Procedure: the tailing factor is

not more than 2.0; and the relative standard deviation for

replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 100

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

quantity, in mg, of C27H44O3 in the portion of Paricalcitol

taken by the formula:

5C(rU / rS),

in which C is the concentration, in mg per mL, of USP

Paricalcitol RS in the Standard preparation; and rU and rS

are the paricalcitol peak responses obtained from the Assay

preparation and the Standard preparation, respect-

ively. &1S (USP27)

BRIEFING

Paricalcitol Injection—See briefing under Paricalcitol.

(PA4: E. Gonikberg) RTS—34173-2

Add the following:

&Paricalcitol Injection

» Paricalcitol Injection is a sterile solution of Par-

icalcitol in a mixture of Water for Injection, Pro-

pylene Glycol, and Alcohol. It contains not less

than 90.0 percent and not more than 110.0 percent

of the labeled amount of paricalcitol (C27H44O3).

It contains no antimicrobial agents.

Packaging and storage—Preserve in single-dose con-

tainers, preferably of Type I glass. Store at controlled room

temperature.

USP Reference standards h11i— USP Endotoxin RS. USP

Paricalcitol Solution RS.

Identification—The retention time of the major peak in the

chromatogram of the Assay preparation corresponds to that

in the chromatogram of the Standard preparation, as ob-

tained in the Assay.

Bacterial endotoxins h85i—It contains not more than 10

USP Endotoxin Units per mg of paricalcitol.
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Particulate matter h788i: meets the requirements for

small-volume injections.

Limit of aluminum h206i—

Nitric acid diluent—Dilute 4 mL of nitric acid to 2000 mL

with water.

Matrix modifier solution—Dissolve 1.5 g of magnesium

nitrate in 1000 mL of water.

Standard stock solution—Proceed as directed in the chap-

ter under Standard Preparations, beginning with ‘‘Treat

some aluminum wire’’ and ending with ‘‘Cool, and transfer

the solution, with the aid of water, to a 100-mL volumetric

flask, dilute with water to volume, and mix.’’ Transfer 2 mL

of this solution to a second 100-mL volumetric flask, dilute

with water to volume, and mix. Transfer 2 mL of this solu-

tion to a third 100-mL volumetric flask, dilute with water to

volume, and mix. This solution contains about 0.4 mg of alu-

minum per mL.

Standard solutions—Dilute accurately measured portions

of the Standard stock solution with Nitric acid diluent to ob-

tain solutions having known concentrations of about 2.5,

5.0, 10, 20, and 50 ng of aluminum per mL.

Test solution—Dilute 4.0 mL of Injection with 6.0 mL of

Nitric acid diluent or use an appropriate dilution to obtain a

solution having a concentration not greater than 0.02 mg of

aluminum per mL.

System suitability solution—Dilute 9.5 mL of the Test

solution with 0.5 mL of the Standard stock solution. If the

resulting solution contains more than 0.04 mg of aluminum

per mL, prepare an alternate dilution having a concentration

between about 0.02 and 0.04 mg of aluminum per mL.

Procedure—Concomitantly determine the absorbances of

the Standard solutions, the System suitability solution, and

the Test solution at the aluminum emission line at 309.3 nm

with a suitable atomic absorption spectrophotometer (see

Spectrophotometry and Light-Scattering h851i) equipped

with an aluminum hollow-cathode lamp and a flameless

electrically heated furnace. Under typical conditions, the

sample volume is 20 mL, the volume of the Matrix modifier

solution is 5 mL, the injection temperature is 1008, and the

oven conditions are as follows. [NOTE—These conditions

may be optimized for each instrument]:

Step Temperature

Drying 1 1108

Drying 2 1308

Drying 3 2008

Pyrrolysis 11008

Read 23008

Clean Out 24508

Plot the absorbances of the Standard solutions versus the

content of aluminum, in ng per mL, drawing a straight line

best fitting the five points: the correlation coefficient is not

less than 0.995; the recovery for the System suitability solu-

tion is between 80% and 120%; and the duplicate injections

must agree within 0.0024 mg per mL. From the graph so ob-

tained, determine the quantity of aluminum, C, in mg, found

in each mL of the Test solution. Calculate the quantity, in mg,

of aluminum in each mL of the Injection taken by the for-

mula:

CD,

in which C is as defined above; and D is the dilution factor

used to prepare the Test solution: not more than 0.5 mg per

mL is found.

Related compounds—

Diluent—Prepare a mixture of water and acetonitrile

(1:1).

Solution A—Prepare a filtered and degassed mixture of

water and acetonitrile (85:15).

Solution B—Use filtered and degassed acetonitrile.
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Mobile phase—Use variable mixtures of Solution A and

Solution B as directed for Chromatographic system. Make

adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard solution—Prepare a solution of USP Paricalcitol

Solution RS in Diluent having a known concentration of

paricalcitol equal to about 0.5% of the labeled concentration

of the Injection.

Control standard solution—Transfer 5.0 mL of the Stan-

dard solution to a 25.0-mL volumetric flask, dilute with Dil-

uent to volume, and mix.

Degradation stock solution—Accurately dilute about 1

mL of USP Paricalcitol Solution RS with Diluent to 5 mL.

Degradation solution 1—Transfer about 1 mL of the De-

gradation stock solution and 0.1 mL of 30 percent hydrogen

peroxide into a 10-mL container, and let stand at room tem-

perature for 1 hour. Dilute with Diluent to 10 mL, and mix.

Degradation solution 2—Place about 1 mL of the Degra-

dation stock solution and 1 mL of 0.1 N hydrochloric acid in

a 10-mL container. Mix, and heat at 708 for 1 hour. Cool to

room temperature, dilute with Diluent to 10 mL, and mix.

Test solution—Use the Injection.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 252-nm detec-

tor, a 4.6-mm6 7.5-cm guard column that contains packing

L1, and a 4.6-mm 6 25-cm column that contains 5-mm

packing L1. The flow rate is about 1 mL per minute. The

chromatograph is programmed as follows.

Time

(minutes)

Solution A

(%)

Solution B

(%) Elution

0–25 65?5 35?95 linear gradient

25–45 5 95 isocratic

Chromatograph the Standard solution and the Control stan-

dard solution, and record the peak responses as directed for

Procedure: the area ratio for the paricalcitol peak from the

Standard solution to that from the Control standard solution

is between 4.0 and 6.0; and the relative standard deviation

for replicate injections of the Standard solution is not more

than 5.0%.

Procedure—Chromatograph the Degradation solution 1,

and identify the paricalcitol peak and the peaks due to the

related compounds listed in Table 1.

Table 1.

Relative

Retention

Time Name

Limit in the

Test solution,

(%)

0.63 Related compound A 1.0

0.79 Related compound B 1.0

Chromatograph the Degradation solution 2 and identify the

paricalcitol peak and the peaks due to the related com-

pounds listed in Table 2.

Table 2.

Relative

Retention

Time Name

Limit in the

Test solution,

(%)

0.89 Related compound C 1.0

0.95 Related compound D 1.0

1.32 Related compound E* 1.0

1.57 Related compound F 1.0

1.66 Related compound G 1.0

1.74 Related compound H 1.0

1.79 Related compound I 1.0

* NOTE—This peak is very small (approximately 3 to 5
times the signal-to-noise ratio).
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Separately inject equal volumes (about 100 to 200 mL) of

the Diluent and the Test solution, in duplicate, into the chro-

matograph, record the chromatograms, and measure the

peak responses, disregarding any peaks corresponding to

those obtained from the Diluent. Calculate the percentage

of each impurity in the portion of Injection taken by the for-

mula:

100(C/L)(ri / rS),

in which C is the concentration, in mg per mL, of paricalcitol

in the Standard solution, calculated on the basis of the con-

tent of paricalcitol in the USP Paricalcitol Solution RS; L is

the labeled amount, in mg per mL, of paricalcitol in the In-

jection; ri is the peak response for each impurity obtained

from the Test solution; and rS is the paricalcitol peak re-

sponse obtained from the Standard solution: in addition to

not exceeding the limits for impurities in Tables 1 and 2, not

more than 2.0% of total impurities is found.

Content of propylene glycol and alcohol—

Mobile phase—Prepare a filtered and degassed 0.01 N

sulfuric acid solution.

Alcohol standard solution—Transfer 2.0 mL of dehy-

drated alcohol to a 10-mL volumetric flask, dilute with

water to volume, and mix.

Propylene glycol standard solution—Transfer 3.0 mL of

propylene glycol to a 10-mL volumetric flask, dilute with

water to volume, and mix.

Standard solution—Transfer 5.0 mL each of Alcohol stan-

dard solution and Propylene glycol standard solution to a

50-mL volumetric flask, dilute with water to volume, and

mix.

Test solution—Transfer 5.0 mL of the Injection to a 50-

mL volumetric flask, dilute with water to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a refractive in-

dex detector and a 7.8-mm 6 30-cm column that contains

packing L17. The column temperature is maintained at 608.

The flow rate is about 0.8 mL per minute. Chromatograph

the Standard solution, and record the peak responses as di-

rected for Procedure: the elution order is propylene glycol

followed by alcohol; the resolution, R, between propylene

glycol and the alcohol is not less than 4.0; and the relative

standard deviation for replicate injections is not more than

2.0% for each peak.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatographs, and measure

the responses for the major peaks. Calculate the percentage

of propylene glycol and alcohol in the portion of Injection

taken by the formula:

C(rU / rS),

in which C is the concentration, in percentage, of alcohol or

propylene glycol in the Alcohol standard solution or Propy-

lene glycol standard solution, respectively; and rU and rS are

the corresponding peak responses obtained from the Test

solution and Standard solution, respectively: between

16% and 24% of dehydrated alcohol is found; and between

26% and 34% of propylene glycol is found.

Other requirements—It meets the requirements under In-

jections h1i.

Assay—

Diluent, Mobile phase, and Chromatographic system—

Proceed as directed in the Assay under Paricalcitol.

Standard preparation—Prepare a solution of USP Pari-

calcitol Solution RS in Diluent having a known concentra-

tion of paricalcitol similar to that of the Injection.

Assay preparation—Use the Injection.

Procedure—Separately inject equal volumes (about 100

to 200 mL) of the Standard preparation and the Assay prep-

aration into the chromatograph, record the chromatograms,
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and measure the responses for the major peaks. Calculate

the quantity, in mg, of paricalcitol (C27H44O3) in each mL

of the Injection taken by the formula:

C(rU / rS),

in which C is the concentration, in mg per mL, of paricalcitol

in the Standard preparation, calculated on the basis of the

content of paricalcitol in the USP Paricalcitol Solution RS;

and rU and rS are the paricalcitol peak responses obtained

from the Assay preparation and the Standard preparation,

respectively.&1S (USP27)

BRIEFING

Paroxetine Tablets, page 1174 of PF 28(4) [July–Aug. 2003].
In the Packaging and storage section, it is proposed to add the stor-
age temperature and to specify the use of tight instead of well-clos-
ed containers.

(PA3: S. Salado) RTS—39464-3

Add the following:

&Paroxetine Hydrochloride Tablets

» Paroxetine Hydrochloride Tablets contain an

amount of Paroxetine Hydrochloride equivalent

to not less than 90.0 percent and not more than

110.0 percent of the labeled amount of paroxetine

hydrochloride (C19H20FNO3 �HCl).

Packaging and storage—Preserve in well-closed tight con-

tainers, and store at controlled room temperature.

USP Reference standards h11i—USP Paroxetine Hydro-

chloride RS.

Identification—

A: Infrared Absorption h197Ki—

Test specimen—Transfer an amount of finely powdered

Tablets, equivalent to about 100 90 mg of paroxetine hydro-

chloride, to a suitable flask, add 100 mL of 0.1 N hydro-

chloric acid, and stir for 1 hour. Transfer the mixture to a

separatory funnel, and add ammonium hydroxide until the

solution is alkaline to litmus paper. Add 100 mL of ethyl

ether to the funnel, and shake for 2 minutes. Transfer the

organic layer into the necessary number of centrifuge tubes,

and centrifuge for 10 minutes. Recombine the clarified ex-

tracts, add 1 drop of water and 0.5 mL of 0.1 N hydrochloric

acid, stir, and evaporate to dryness under a stream of nitro-

gen. Dry the residue in an oven at 908 for 1 hour.

B: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

C: Place a quantity of finely powdered Tablets, equiva-

lent to about 500 450 mg of paroxetine hydrochloride, in a

stoppered flask. Add 100 mL of alcohol, and shake for 1

hour. Centrifuge about 20 mL of the mixture, and measure

the angular rotation of the supernatant at 208 (see Optical

Rotation h781i): the angular rotation is between –758 and

–1158.

Dissolution h711i—

Medium: simulated gastric fluid without enzyme; 900

mL.

Apparatus 2: 60 rpm.

Time: 60 minutes.

Determine the amount of C19H20FNO3 �HCl dissolved by

employing the following method.

Buffer solution and Mobile phase—Prepare as directed in

the Assay.
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Standard stock solution—Dissolve an accurately weighed

quantity of USP Paroxetine Hydrochloride RS in an amount

of methanol not exceeding 5% of the volume of the final

solution, and dilute with Dissolution Medium to obtain a

solution having a known concentration of about 0.63 mg

per mL.

Standard solution—Quantitatively dilute the Standard

stock solution with Dissolution Medium to obtain a solution

having a concentration estimated to correspond to that of the

filtered solution under test.

Chromatographic system—Proceed as directed in the As-

say, except to prepare the Standard preparation as directed

under Dissolution h711i. chromatograph the Standard solu-

tion.

Procedure—Separately inject equal volumes (about 20

mL) of a portion of the solution under test, previously passed

through a suitable 0.45-mm membrane filter, and the Stan-

dard solution into the chromatograph, record the chromato-

grams, and measure the responses for the major peaks.

Calculate the quantity of C19H20FNO3 �HCl dissolved based

on the peak responses obtained from the solution under test

and the Standard solution.

Tolerances—Not less than 80% (Q) of the labeled amount

of C19H20FNO3 �HCl is dissolved in 60 minutes.

Uniformity of dosage units h905i: meet the requirements.

PROCEDURE FOR CONTENT UNIFORMITY—

Buffer solution,Mobile phase, and Chromatographic sys-

tem—Proceed as directed in the Assay.

Standard solution—Use the Standard preparation, pre-

pared as directed in the Assay.

Test solution—Place 1 Tablet in a suitable volumetric

flask, and add a volume of a hydrochloric acid solution (7

in 1000), equivalent to about 25% of the flask volume. Al-

low the Tablet to disintegrate, dilute with methanol to vol-

ume, and mix to obtain a solution containing about 0.1 mg

of paroxetine hydrochloride per mL. Centrifuge a portion of

the solution.

Procedure—Proceed as directed in the Assay. Calculate

the quantity, in mg, of C19H20FNO3 �HCl in the Tablet taken

by the formula:

VC(rU / rS),

VC(329.37/365.83)(rU / rS),

in which V is the volume of the flask used; rU and rS are the

peak responses obtained from the Test solution and the Stan-

dard solution, respectively; and the other terms are as de-

fined therein.

Assay—

Buffer solution—Prepare a mixture of water, phosphoric

acid, and triethylamine (100:0.6:0.3).

Mobile phase—Prepare a filtered and degassed mixture of

Buffer solution and acetonitrile (7:3). Make adjustments if

necessary (see System Suitability under Chromatography

h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Paroxetine Hydrochloride RS in methanol,

and dilute quantitatively, and stepwise if necessary, with

methanol to obtain a solution having a known concentration

of about 0.1 mg per mL.

Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer an accurately weighed portion of

the powder, equivalent to about 100 mg of paroxetine

hydrochloride, to a 200-mL volumetric flask, dissolve in

and dilute with methanol to volume, and mix. Centrifuge

a portion of this solution for 6 minutes. Transfer 20 mL of

the supernatant to a 100-mL volumetric flask, dilute with

methanol to volume, and mix.
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Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 295-nm detec-

tor and a 4.6-mm 6 3.3-cm column that contains 3-mm

packing L7. The flow rate is about 2.0 mL per minute. Chro-

matograph the Standard preparation, and record the peak

responses as directed for Procedure: the column efficiency

is not less than 750 theoretical plates; the tailing factor is not

more than 4; and the relative standard deviation for replicate

injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 5 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the responses for the major peaks. Calculate the quantity, in

mg, of paroxetine hydrochloride (C19H20FNO3 �HCl) in the

portion of Tablets taken by the formula:

1000C(rU / rS),

1000C(329.37/365.83)(rU / rS),

in which C is the concentration, in mg per mL, of USP Par-

oxetine Hydrochloride RS in the Standard preparation;

329.37 and 365.83 are the molecular weights for paroxetine

and paroxetine hydrochloride, respectively; and rU and rS are

the peak responses obtained from the Assay preparation and

the Standard preparation, respectively.&1S (USP27)

BRIEFING

Pentobarbital, USP 26 page 1429; Pentobarbital Sodium,
USP 26 page 1431. It is proposed to update the Assay method to
a more selective HPLC method; and include a Related compounds
test and Identification test that use the chromatograms obtained in
the Assay. Other changes are evident to reflect the typical values
when a HPLC value is used. The method validation was made

using a Zorbax Eclipse XDB-C18 brand name of L1 packing.
The typical retention time is about 10 minutes for the pentobarbital
peak.

(PA3: S. Salado) RTS—39635-01

Change to read:

» Pentobarbital contains not less than 98.5

&98.0&1S (USP27)

percent and not more than 101.0

&102.0&1S (USP27)

percent of C11H18N2O3, calculated on the dried basis.

Change to read:
Identification—
A: Infrared Absorption h197Si—
Solution: 7 in 100.
Medium: chloroform.
B: Ultraviolet Absorption h197Ui—
Solution: 16 mg per mL.
Medium: 0.1 N sodium hydroxide. Absorptivities at 240 nm,

calculated on the dried basis, do not differ by more than 3.0%.

&
&1S (USP27)

C: Shake about 300 mg with 5 mL of sodium hydroxide solu-
tion (1 in 125) for 2 minutes, filter, and to 1 mL of the filtrate add
about 1.2 mL of silver nitrate TS: a white precipitate is formed, and
it is soluble in 6 N ammonium hydroxide. To a second 1-mL por-
tion of the filtrate add 3 drops of mercuric chloride TS: a white
precipitate is formed, and it is soluble in 6 N ammonium hydrox-
ide.

&The retention time of the major peak in the chromatogram

of the Assay preparation corresponds to that in the chroma-

togram of the Standard preparation, as obtained in the As-

say.&1S (USP27)

Add the following:

&Related compounds—

Mobile phase—Prepare as directed in the Assay.

Standard solution—Dissolve an accurately weighed

quantity of USP Pentobarbital RS in Mobile phase, and di-

lute quantitatively, and stepwise if necessary, with Mobile

phase to obtain a solution having a known concentration

of about 0.001 mg per mL.
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Test solution—Transfer about 100 mg of Pentobarbital,

accurately weighed, to a 100-mL volumetric flask, add

about 80 mL of Mobile phase, and sonicate until dissolved.

Dilute with Mobile phase to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 214-nm detec-

tor and a 4.6-mm 6 25-cm column that contains 5-mm

packing L1. The flow rate is about 1.0 mL per minute. Chro-

matograph the Standard solution, and record the peak re-

sponses as directed for Procedure: the capacity factor, k’,

is not less than 2.5; the column efficiency is not less than

15,000 theoretical plates; the tailing factor is not more than

1.5; and the relative standard deviation for replicate injec-

tions is not more than 15.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard solution and Test solution into the chro-

matograph, record the chromatograms, and measure the

areas for the major peaks. Calculate the percentage of any

impurity in the portion of Pentobarbital taken by the for-

mula:

(10,000/F)(C/W)(ri / rS),

in which C is the concentration, in mg per mL, of USP Pen-

tobarbital RS in the Standard solution; F is the relative re-

sponse factor of the impurity according the table below;W is

the weight, in mg, of pentobarbital, on dried basis, used to

prepare the Test solution; ri is the peak area for any impurity

in the Test solution; and rS is the peak area for pentobarbital

in the Standard solution: the impurities meet the require-

ments given in the table below:

Compound

name

Relative

retention

time

Relative

Response

Factor

Limit

(%)

6-Imino-5-ethyl-5-(1-

methylbutyl)

barbituric acid about 0.39 1.5 0.2

Pentobarbital 1.0 — —

5-Ethy l -5- (1 ,3 -d i -

methylbutyl)

barbituric acid about 1.5 0.9 0.3

Unknown impurities — 1.0 0.1

Total — — 0.5
&1S (USP27)

Change to read:
Assay—
0.1 N Tetrabutylammonium hydroxide in chlorobenzene—Dilute

100 mL of 1 N tetrabutylammonium hydroxide VS with chloro-
benzene to 1000 mL, and mix.
Standardization of 0.1 N tetrabutylammonium hydroxide in

chlorobenzene—Dissolve about 180 mg, accurately weighed, of
primary standard benzoic acid in about 100 mL of acetone, and
titrate with 0.1 N Tetrabutylammonium hydroxide in chloroben-
zene, determining the endpoint potentiometrically, using a glass
electrode and a calomel electrode containing 0.1 N methanolic
tetrabutylammonium chloride (see Titrimetry h541i). Each mL of
0.1 N Tetrabutylammonium hydroxide in chlorobenzene is equiva-
lent to 12.21 mg of benzoic acid.
Procedure—Transfer about 330 mg of Pentobarbital, accurately

weighed, to a suitable beaker, and dissolve in 100 mL of acetone.
Titrate with 0.1 N Tetrabutylammonium hydroxide in chloroben-
zene, determining the endpoint potentiometrically, using a glass
electrode and a calomel electrode containing 0.1 N methanolic
tetrabutylammonium chloride. Each mL of 0.1 N Tetrabu-
tylammonium hydroxide in chlorobenzene is equivalent to 22.63
mg of C11H18N2O3.

&Mobile phase—Prepare a filtered and degassed mixture

of 0.01 M monobasic potassium phosphate having a pH of

3.5 and acetonitrile (65: 35). Make adjustments if necessary

(see System Suitability under Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Pentobarbital RS in Mobile phase, and di-

lute quantitatively, and stepwise if necessary, with Mobile

phase to obtain a solution having a known concentration

of about 0.1 mg per mL.
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Assay preparation—Transfer about 100 mg of Pentobar-

bital, accurately weighed, to a 100-mL volumetric flask, add

about 80 mL of Mobile phase, and sonicate until dissolved.

Dilute withMobile phase to volume, and mix. Transfer 10.0

mL of this solution to a 100-mL volumetric flask. Dilute

with Mobile phase to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 214-nm detec-

tor and a 4.6-mm 6 25-cm column that contains 5-mm

packing L1. The flow rate is about 1.0 mL per minute. Chro-

matograph the Standard preparation, and record the peak

responses as directed for Procedure: the capacity factor,

k’, is not less than 2.5; the column efficiency is not less than

15,000 theoretical plates; the tailing factor is not more than

1.5; and the relative standard deviation for replicate injec-

tions is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the peak responses for the major peak. Calculate

the quantity, in mg, of C11H18N2O3 in the portion of Pento-

barbital taken by the formula:

1000C(rU / rS),

in which C is the concentration, in mg per mL, of USP Pen-

tobarbital RS in the Standard preparation; and rU and rS are

the peak areas obtained from the Assay preparation and the

Standard preparation, respectively.&1S (USP27)

BRIEFING

Pentobarbital Sodium, USP 26 page 1431—See the briefing
under Pentobarbital.

(PA3: S. Salado) RTS—39635-2

Change to read:

» Pentobarbital Sodium contains not less than 98.5

&98.0&1S (USP27)

percent and not more than 101.0

&102.0&1S (USP27)

percent of C11H17N2NaO3, calculated on the dried ba-
sis.

Change to read:
Identification—
A: The UVabsorption spectrum of the Assay preparation cor-

responds to that of the Standard preparation, as obtained in the
Assay.

&Ultraviolet Absorption h197Ui

Solution: 10 mg per mL.

Medium: dilute ammonium hydroxide (1 in 200).&1S (USP27)

B: &The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

C:&1S (USP27)

Ignite about 200 mg: the residue effervesces with acids, and
meets the requirements of the tests for Sodium h191i.

Add the following:

&Related compounds—

Mobile phase—Prepare as described in the Assay.

Standard solution—Dissolve an accurately weighed

quantity of USP Pentobarbital RS in Mobile phase, and di-

lute quantitatively, and stepwise if necessary, with Mobile

phase to obtain a solution having a known concentration

of about 0.001 mg per mL.
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Test solution—Transfer about 110 mg of Pentabarbital

Sodium, accurately weighed, to a 100-mL volumetric flask,

add about 80 mL of Mobile phase, and sonicate until dis-

solved. Dilute with Mobile phase to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 214-nm detec-

tor and a 4.6-mm 6 25-cm column that contains 5-mm of

packing L1. The flow rate is about 1.0 mL per minute. Chro-

matograph the Standard solution, and record the peak re-

sponses as directed for Procedure: the capacity factor, k’,

is not less than 2.5; the column efficiency is not less than

15,000 theoretical plates; the tailing factor is not more than

1.5; and the relative standard deviation for replicate injec-

tions is not more than 15.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard solution and Test solution into the chro-

matograph, record the chromatograms, and measure the

areas for the major peaks. Calculate the percentage of any

impurity in the portion of Pentobarbital Sodium taken by

the formula:

(248.26/226.28)(10000/F)(C/W)(ri / rS),

in which 248.26 and 226.28 are the molecular weights of

pentobarbital sodium and pentobarbital, respectively; C is

the concentration, in mg per mL of USP Pentobarbital RS

in the Standard solution; F is the relative response factor

of the impurity according the table below; W is the weight,

in mg, of Pentobarbital Sodium, on the dried basis, used to

prepare the Test solution; ri is the peak area for any impurity

in the Test solution; and rS are the peak area for Pentobarbi-

tal in the Standard solution: the impurities meet the require-

ments given in the table below:

Compound

Name

Relative

Retention

Time

Relative

Response

Factor Limit (%)

6-Imino-5-ethyl-

5-(1-methyl-

butyl) barbituric

acid

about 0.39 1.5 0.2

Pentobarbital 1.0 — —

5-Ethyl-5-(1,3-

dimethylbutyl)

barbituric acid

about 1.5 0.9 0.3

Unknown

impurities

— 1.0 0.1

Total — — 0.5

&1S (USP27)

Change to read:
Assay—
Diluting solvent—Use freshly prepared dilute ammonium hy-

droxide (1 in 200).
Standard preparation—Dissolve an accurately weighed quantity

of USP Pentobarbital RS in Diluting solvent to obtain a solution
having a known concentration of about 10 mg per mL.
Assay preparation—Transfer about 25 mg of pentobarbital so-

dium, previously dried and accurately weighed, in a 50-mL volu-
metric flask, immediately dilute with Diluting solvent to volume,
and mix. Pipet 2 mL of this solution into a 100-mL volumetric
flask, add Diluting solvent to volume, and mix.
Procedure—Concomitantly determine the absorbances of the

Assay preparation and the Standard preparation in 1-cm cells at
the wavelength of maximum absorbance at about 240 nm, with a
suitable spectrophotometer, using Diluting solvent as the blank.
Calculate the quantity, in mg, of C11H17N2NaO3 in the portion of
Pentobarbital Sodium taken by the formula:

2.5C(248.26 / 226.28)(AU /AS),

in which C is the concentration, in mg per mL, of USP Pentobarbi-
tal RS in the Standard preparation; 248.26 and 226.28 are the mo-
lecular weights of pentobarbital sodium and pentobarbital,
respectively; and AU and AS are the absorbances of the Assay prep-
aration and the Standard preparation, respectively.

&Mobile phase, Standard preparation, and Chromato-

graphic system—Proceed as described in the Assay under

Pentobarbital.

Assay preparation—Transfer about 110 mg of Pentobar-

bital Sodium, accurately weighed, to a 100-mL volumetric

flask, add about 80 mL of Mobile phase, and sonicate until
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dissolve. Dilute with Mobile phase to volume, and mix.

Transfer 10.0 mL of this solution to a 100-mL volumetric

flask. Dilute with Mobile phase to volume, and mix.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the peak responses for the major peak. Calculate

the quantity, in mg, of C11H 17N2NaO3 in the portion of Pen-

tobarbital Sodium taken by the formula:

(248.26/226.28)1000C(rU / rS),

in which 248.26 and 226.28 are the molecular weights of

pentobarbital sodium and pentobarbital, respectively; C is

the concentration, in mg per mL, of USP Pentobarbital RS

in the Standard preparation; and rU and rS are the peak areas

obtained from the Assay preparation and the Standard prep-

aration, respectively.&1S (USP27)

BRIEFING

Propafenone Hydrochloride,USP 26 page 1563. It is proposed
to replace the thin-layer chromatographic method in the test for
Chromatographic purity with a high-pressure liquid chromato-
graphic method. Validation of the new method was achieved using
a 3.9-mm 6 15-cm Waters NovaPak CN brand of L10 column.
The typical retention time for propafenone is about 2.2 minutes.
It is also proposed to add storage conditions to the Packaging
and storage section.

(PA5: A. Wilk; PSD: C. Okeke) RTS—38580-1

Change to read:
Packaging and storage—Preserve in tight, light-resistant con-
tainers

&, and store at a temperature between 158 and 308.&1S (USP27)

Change to read:
Chromatographic purity—
Adsorbent: 0.25-mm layer of chromatographic silica gel mix-

ture.

Test solution—Dissolve about 100 mg of Propafenone Hydro-
chloride, accurately weighed, in 5.0 mL of methanol. Apply 10 mL.
Standard stock solution—Dissolve an accurately weighed quan-

tity of USP Propafenone Hydrochloride RS in methanol, and dilute
quantitatively and stepwise to obtain a solution having a known
concentration of about 20 mg per mL.
Standard solutions—Quantitatively dilute accurately measured

volumes of the with methanol to obtain Standard solutions having
concentrations of 0.1 mg per mL and 0.05 mg per mL. Apply 10
mL of each solution.
Developing solvent system: a mixture of butyl alcohol, water,

and glacial acetic acid (4:2:1).
Procedure—Proceed as directed for Thin-Layer Chromatog-

raphy under Chromatography h621i, and develop the chromato-
grams until the solvent front has moved about three-fourths of
the length of the plate. Examine the plate under short-wavelength
UV light, and compare the intensities of any secondary spots ob-
served in the chromatogram of the Test solution with those of the
principal spots in the chromatograms of the Standard solutions: the
intensity of any secondary spot obtained from the Test solution is
not more than 0.5%; and the sum of the intensities of any second-
ary spots obtained from the Test solution corresponds to not more
than 1.0%.

&Mobile phase—Prepare a filtered and degassed mixture

of 2.5 mM tetrabutylammonium hydrogen sulfate and ace-

tonitrile (16:9). Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Diluent—Prepare a mixture of acetonitrile and water

(9:1).

Standard solution—Dissolve an accurately weighed

quantity of USP Propafenone RS in Diluent, and dilute

quantitatively, and stepwise if necessary, with Diluent to ob-

tain a solution having a known concentration of about 5 mg

per mL.

Test solution—Transfer about 50 mg of Propafenone

Hydrochloride, accurately weighed, to a 50-mL volumetric

flask, dissolve in 5 mL of Diluent, dilute with Mobile phase

to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 222-nm detec-

tor and a 3.9-mm 6 15-cm column that contains packing

L10. The flow rate is about 1.0 mL per minute. Chromato-

graph the Standard solution, and record the peak responses

as directed for Procedure: the column efficiency is not less

than 2000 theoretical plates; and the relative standard devia-

tion for replicate injections is not more than 15%.
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Procedure—Separately inject a volume (about 10 mL) of

the Standard solution and the Test solution into the chro-

matograph, and allow the Test solution to elute for not less

than eight times the retention time of propafenone. Record

the chromatogram, and measure the peak responses for all

the peaks: the sum of the peak responses, other than that

of propafenone, in the chromatogram of the Test solution

is not more than two times the propafenone response ob-

tained from the Standard solution (1.0%); and no other

peak response, other than that of propafenone, in the

chromatogram of the Test solution is greater than the propa-

fenone response obtained from the Standard solution

(0.5%).&1S (USP27)

BRIEFING

Propoxyphene Hydrochloride, USP 26 page 1568 and page
1857 of PF 28(6) [Nov.–Dec. 2002]. On the basis of comments
received concerning revisions proposed in PF 28(6), further revi-
sions to the test for Related compounds are proposed that include
modification of the System suitability solution. See also the Errata
list at the end of the Interim Revision Announcement section of this
issue of PF for a correction to the Standard stock solution.

(PA2: J. Kelly) RTS—39567-1

Change to read:
Identification—
A: Infrared Absorption h197Si—
Solution: 1 in 20.
Medium: chloroform.
B: It responds to the tests for Chlorideh191i.

~

Dissolve 0.25 g of Propoxyphene Hydrochloride in 15 mL

of Purified Water, and treat 3 mL of this solution with 1 mL

of 6 N ammonium hydroxide to precipitate the propoxy-

phene base. Filter to remove the precipitate, acidify the fil-

trate with 2 mL of nitric acid, and add 1 mL of silver nitrate

TS: a white, curdy precipitate that is soluble in an excess of

6 N ammonium hydroxide confirms the presence of silver

chloride.
~USP27

Change to read:
Related compounds—

~

Mobile phase and Chromatographic system—Proceed as direc-
ted in the Assay.

Standard solution— Proceed as directed for the Standard prep-
aration in the Assay.

~

~USP27

Related compounds standard

~

Standard stock
~USP27

solution—Dissolve

~

Accurately weigh
~USP27

about 10 mg each of USP Propoxyphene Related Compound A RS
and USP a-d-2-acetoxy-4-dimethylamino-1,2-diphenyl-3-methyl-
butane RS in 20 mL of methanol in

~

into
~USP27

a 50-mL volumetric flask,

~

dissolve using 2 mL
~USP27

of methanol, dilute with Mobile phase to volume, and mix.

~

Standard solution—Transfer 5.0 mL of the Standard

stock solution to a 50-mL volumetric flask, dilute with Mo-

bile phase to volume, and mix.
~USP27

Test solution—Use the Assay preparation.
System suitability solution—Combine 1.0 mL of the Related

compounds Standard stock solution containing about 0.2 mg per
mL of each related compoundwith 10.0 mL of the StandardTestso-
lution, and mix.

&Transfer 1.0 mL of the Standard stock solution to a 10.0-

mL volumetric flask, dilute with Mobile phase to volume,

and mix.&1S (USP27)

Chromatographic system (see Chromatography h621i)—Pro-
ceed as directed in the Assay. Chromatograph the System suitability
solution, and record the peak responses as directed for Procedure:
the relative retention times are about 0.63 for propoxyphene related
compound A, 0.78 for a-d-2-acetoxy-4-dimethylamino-1,2-diphe-
nyl-3-methylbutane, and 1.0 for propoxyphene hydrochloride; the
resolution, R, between a-d-2-acetoxy-4-dimethylamino-1,2-diphe-
nyl-3-methylbutane and propoxyphene

~

related compound A
~USP27

is not less than 1.4;

~

2.0;
~USP27

and the relative standard deviation for replicate injections is not
more than 2.0%.
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Procedure—

~

Separately
~USP27

inject a

~

equal
~USP27

volumes (about 50 mL) of the Test solution

~

and the Standard solution
~USP27

into the chromatograph, record the chromatograms, and measure
the peak responses. Calculate the percentage

~

quantity, in mg,
~USP27

of propoxyphene related compound A in the portion of Propoxy-
phene Hydrochloride taken by the formula:

100(ri / rs),

~

50C(rU / rS),~USP27

in which ri is the individual peak response of propoxyphene related
compound A in the Test solution; and rs is the sum of the responses
for all of the peaks:

~

C is the concentration, in mg per mL, of USP Propoxy-

phene Related Compound A RS in the Standard solution;

and rU and rS are the propoxyphene related compound A

peak responses obtained from the Test solution and Stan-

dard solution, respectively.
~USP27

Not more than 0.5% of propoxyphene related compound A as the
hydrochloride

~

~USP27

is found. Calculate the percentage

~

quantity, in mg,
~USP27

of a-d-2-acetoxy-4-dimethylamino-1,2-diphenyl-3-methylbutane
hydrochloride in the portion of Propoxyphene Hydrochloride taken
by the formula:

100(1.112)(ri / rs),

~

50C(361.93/325.45)(rU / rS),~USP27

in which 1.112 is the ratio of the molecular weight of a-d-2-acet-
oxy-4-dimethylamino-1,2-diphenyl-3-methylbutane hydrochloride
to that of a-d-2-acetoxy-4-dimethylamino-1,2-diphenyl-3-methyl-
butane free base; ri is the individual peak response of a-d-2-acet-
oxy-4-dimethylamino-1,2-diphenyl-3-methylbutane in the Test
solution; and rs is the sum of the responses for all of the peaks:

~

C is the concentration, in mg per mL, of USP a-d-2-Acet-

oxy-4-dimethylamino-1,2-diphenyl-3-methylbutane RS in

the Standard solution; 361.93 and 325.45 are the molecular

weights of a-d-2-acetoxy-4-dimethylamino-1,2-diphenyl-3-

methylbutane hydrochloride and a-d-2-acetoxy-4-dimethy-

lamino-1,2-diphenyl-3-methylbutane, respectively; and rU

and rS are the a-d-2-acetoxy-4-dimethylamino-1,2-diphe-

nyl-3-methylbutane peak responses obtained from the Test

solution and the Standard solution, respectively.
~USP27

Not more than 0.6% of a-d-2-acetoxy-4-dimethylamino-1,2-diphe-
nyl-3-methylbutane hydrochloride is found.

~USP26

Change to read:
Assay—

~

0.01 M

~

0.1 M
~USP27

Monobasic ammonium phosphate buffer, pH 6.3—Dissolve 11.5 g
of monobasic ammonium phosphate and 1.0 mL of triethylamine
in 1000 mL of water, adjust with 10% sodium hydroxide to a pH of
6.3 + 0.05, and mix.
Mobile phase—Prepare a filtered and degassed mixture of

methanol and 0.01 M

~

0.1 M
~USP27

Monobasic ammonium phosphate buffer, pH 6.3 (67:33). Make ad-
justments if necessary (see System Suitability under Chromatog-
raphy h621i).

Standard preparation—Dissolve an accurately weighed quantity
of USP Propoxyphene Hydrochloride RS in Mobile phase to ob-
tain a solution having a known concentration of about 5.0 mg per
mL.
Assay preparation—Transfer about 250 mg of Propoxyphene

Hydrochloride, accurately weighed, to a 50-mL volumetric flask,
dissolve in and dilute with Mobile phase to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm detector and a
3.9-mm 6 30-cm column that contains packing L1. The flow rate
is about 1.5 mL per minute. Chromatograph the Standard prepa-
ration, and record the peak responses as directed for Procedure: the
retention time of propoxyphene hydrochloride is about 9 minutes;
the resolution, R, between a-d-2-acetoxy-4-dimethylamino-1,2-di-
phenyl-3-methylbutane and propoxyphene is not less than 1.4;

~

the tailing factor for the propoxyphene hydrochloride peak

is not more than 3.5;
~USP27

and the relative standard deviation for replicate injections is not
more than 2.0%.
Procedure—Separately inject equal volumes (about 50 mL) of

the Standard preparation and the Assay preparation into the chro-
matograph, record the chromatograms, and measure the responses
for the major peaks. Calculate the quanti ty, in mg, of
C22H29NO2 �HCl in the portion of Propoxyphene Hydrochloride
taken by the formula:

100C(rU / rS),

~

50C(rU / rS),~USP27

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

~USP26
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BRIEFING

Propoxyphene Napsylate, USP 26 page 1573 and page 1859 of
PF 28(6) [Nov.–Dec. 2002]. On the basis of comments received
concerning revisions proposed in PF 28(6), further revisions to
the test for Related compounds are proposed that include modifi-
cation of the System suitability solution. See also the Errata list at
the end of the Interim Revision Announcement section of this issue
of PF for a correction to the Standard stock solution.

(PA2: J. Kelly) RTS—39568-1

Change to read:
Related compounds—

~

Mobile phase and Chromatographic system—Proceed as di-
rected in the Assay.

Standard solution—Proceed as directed for Standard prepara-
tion in the Assay.

~

~USP27

Related compounds standard

~

Standard stock
~USP27

solution—Dissolve

~

Accurately weigh
~USP27

about 10 mg each of USP Propoxyphene Related Compound A RS
and USP a-d-2-Acetoxy-4-dimethylamino-1,2-diphenyl-3-methyl-
butane RS in 20 mL of methanol in

~

into
~USP27

a 50-mL volumetric flask,

~

dissolve using 2 mL of methanol,
~USP27

dilute with Mobile phase to volume, and mix.

~

Standard solution—Transfer 5.0 mL of the Standard

stock solution to a 50-mL volumetric flask, dilute with Mo-

bile phase to volume, and mix.
~USP27

System suitability solution—Combine 1.0 mL of the Related
compounds Standard stock solution containing about 0.2 mg per
mL of each related compound with 10.0 mL of the Standard Test-
solution, and mix.

&Transfer 1.0 mL of the Standard stock solution to a 10.0-

mL volumetric flask, dilute with Mobile phase to volume,

and mix.&1S (USP27)

Test solution—Use the Assay preparation.

Chromatographic system (see Chromatography h621i)—Pro-
ceed as directed in the Assay. Chromatograph the System suitability
solution, and record the peak responses as directed for Procedure:
the relative retention times are about 0.63 for propoxyphene related
compound A, 0.78 for a-d-2-acetoxy-4-dimethylamino-1,2-diphe-
nyl-3-methylbutane, and 1.0 for propoxyphene napsylate; the reso-
lution, R, between a-d-2-acetoxy-4-dimethylamino-1,2-diphenyl-
3-methylbutane and propoxyphene

~

related compound A
~USP27

is not less than 1.4;

~

2.0;
~USP27

and the relative standard deviation for replicate injections is not
more than 2.0%.

Procedure—Separately inject equal volumes (about 50 mL) of
the

~

Standard solution and the
~USP27

Test solution into the chromatograph, record the chromatograms,
and measure the peak responses. Calculate the percentage

~

quantity, in mg,
~USP27

of propoxyphene related compound A as the napsylate salt

~

~USP27

in the portion of Propoxyphene Napsylate taken by the formula:

100(491.67/319.88)ri / rs),

in which 491.67 and 319.88 are the molecular weights of propox-
yphene related compound A napsylate and propoxyphene related
compound A, respectively; ri is the individual peak response of
propoxyphene related compound A; and rs is the sum of the re-
sponses for all the peaks: not more than 0.5% of propoxyphene re-
lated compound A is found.

~

50C(491.67/319.88)(rU / rS),

in which C is the concentration, in mg per mL, of USP Pro-

poxyphene Related Compound A RS in the Standard solu-

tion; 491.67 and 319.88 are the molecular weights of

propoxyphene related compound A napsylate and propoxy-

phene related compound A, respectively; and rU and rS are

the propoxyphene related compound A peak responses ob-

tained from the Test solution and the Standard solution, re-

spectively: not more than 0.5% of propoxyphene related

compound A napsylate is found.
~USP27

Calculate the percentage

~

quantity, in mg,
~USP27

of a-d-2-acetoxy-4-dimethylamino-1,2-diphenyl-3-methylbutane
napsylate in the portion of Propoxyphene Napsylate taken by the
formula:

100(533.71/325.45)(ri / rs),

in which 533.71 and 325.45 are the molecular weights of a-d-2-
acetoxy-4-dimethylamino-1,2-diphenyl-3-methylbutane napsylate
and a-d-2-acetoxy-4-dimethylamino-1,2-diphenyl-3-methylbu-
tane, respectively; ri is the individual peak response of a-d-2-acet-
oxy-4-dimethylamino-1,2-diphenyl-3-methylbutane napsylate;
and rs is sum of the responses for all the peaks:

~

50C(533.71/325.45)(rU / rS),

in which C is the concentration, in mg per mL, of USP a-d-

2-Acetoxy-4-dimethylamino-1,2-diphenyl-3-methylbutane

RS in the Standard solution; 533.71 and 325.45 are the mo-
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lecular weights of a-d-2-acetoxy-4-dimethylamino-1,2-di-

phenyl-3-methylbutane napsylate and a-d-2-acetoxy-4-di-

methylamino-1,2-diphenyl-3-methylbutane, respectively;

and rU and rS are the a-d-2-acetoxy-4-dimethylamino-1,2-

diphenyl-3-methylbutane peak responses obtained from

the Test solution and the Standard solution, respective-

ly.
~USP27

Not more than 0.6% of a-d-2-acetoxy-4-dimethylamino-1,2-diphe-
nyl-3-methylbutane napsylate is found.

~USP26

Change to read:
Assay—

~

0.01 M

~

0.1 M
~USP27

Monobasic ammonium phosphate buffer, pH 6.3—Dissolve 11.5 g
of monobasic ammonium phosphate and 1.0 mL of triethylamine
in 1000 mL of water, adjust with 10% sodium hydroxide to a pH of
6.3 + 0.05, and mix.

Mobile phase—Prepare a filtered and degassed mixture of
methanol and 0.01 M

~

0.1 M
~USP27

Monobasic ammonium phosphate buffer, pH 6.3 (67:33). Make ad-
justments if necessary (see System Suitability under Chromatog-
raphy h621i).

Standard preparation—Dissolve an accurately weighed quan-
tity of USP Propoxyphene Napsylate RS inMobile phase to obtain
a solution having a known concentration of about 5.0 mg per mL.

Assay preparation—Transfer about 250 mg of Propoxyphene
Napsylate, accurately weighed, to a 50-mL volumetric flask, dis-
solve in and dilute with Mobile phase to volume, and mix.

Chromatographic system (see Chromatography h621i)—The
liquid chromatograph is equipped with a 254-nm detector and a
3.9-mm 6 30-cm column that contains packing L1. The flow rate
is about 1.5 mL per minute. Chromatograph the Standard prepa-
ration, and record the peak responses as directed for Procedure:
the retention time of propoxyphene napsylate is about 9 minutes;
the resolution, R, between a-d-2-acetoxy-4-dimethylamino-1,2-di-
phenyl-3-methylbutane and propoxyphene napsylate is not less
than 1.4;

~

the tailing factor for the propoxyphene napsylate peak is

not more than 3.5;
~USP27

and the relative standard deviation for replicate injections is not
more than 2.0%.

Procedure—Separately inject equal volumes (about 50 mL) of
the Standard preparation and the Assay preparation into the chro-
matograph, record the chromatograms, and measure the responses
for the major peaks. Calculate the quantity, in mg, of C22H29NO2

�C10H8O3S in the portion of Propoxyphene Napsylate taken by the
formula:

100C(rU / rS),

~

50C(rU / rS),~USP27

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

~USP26

BRIEFING

Propoxyphene Napsylate and Acetaminophen Tablets, USP
26 page 1574 and page 32 of PF 29(1) [Jan.–Feb. 2003]—See
briefing under Acetaminophen and Codeine Phosphate Capsules.

(NL: C. Barnstein; PA2: J. Kelly) RTS—39590-1

Delete the following:
&Pharmacy Equivalent Name: Co-proxAPAP Tablets&1S (USP27)

BRIEFING

Sotalol Hydrochloride, page 1868 of PF 28(6) [Nov.–Dec.
2002]; Sotalol Hydrochloride Tablets, page 1816 of PF 27(1)
[Jan.–Feb. 2001]. It is proposed to revise the current Packaging
and storage statement in these monographs to conform to specifi-
cations provided by the manufacturer and to those found in Preser-
vation, Packaging, and Labeling under General Notices.

(PA5: A. Wilk; PSD: C. Okeke) RTS—37916-1

Add the following:

&Sotalol Hydrochloride

C12H20N2O3S �HCl 308.83

Methanesulfonamide, N-[4-[1-hydroxy-2-[(1-methyleth-

yl)amino]ethyl]phenyl]-, monohydrochloride.

4’-[1-Hydroxy-2-(isopropylamino)ethyl]methanesulfonani-

lide monohydrochloride [959-24-0].
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» Sotalol Hydrochloride contains not less than

98.5 percent and not more than 101.5 percent of

C12H20N2O3S �HCl.

Change to read:

Packaging and storage—Preserve in well-closed con-

tainers. &Store at controlled room temperature.&1S (USP27)

USP Reference standards h11i—USP Sotalol Hydro-

chloride RS. USP Sotalol Hydrochloride Related Com-

pound A RS. USP Sotalol Related Compound B RS. USP

Sotalol Hydrochloride Related Compound C RS.

Identification—

A: Infrared Absorption h197Ki.

B: Thin-Layer Chromatographic Identification Test

h201i—

Test solution—Dissolve a quantity of Sotalol Hydro-

chloride in methanol to obtain a solution having a concen-

tration of about 2 mg per mL.

Developing solvent system: a mixture of chloroform and

methanol (70:30).

Procedure—Proceed as directed in the chapter, except to

place two 25-mL beakers, each containing about 10 mL of

ammonium hydroxide, on the bottom of the chromato-

graphic chamber that is lined with filter paper and contains

the Developing solvent system, allow to equilibrate for 15

minutes, then place the plate in the chamber, and develop

the chromatograms until the solvent front has moved about

two-thirds of the length of the plate: meets the requirements.

Specific rotation h781Si: between –0.78 and + 0.78.

Test solution: 125 mg per mL, in methanol.

Water, Method I h921i: not more than 0.5%.

Residue on ignition h281i: not more than 0.5%.

Heavy metals, Method II h231i: 0.002%.

Limit of methanol, isopropyl alcohol, and acetone—

Standard solution—Transfer 10.0 mL each of methanol,

isopropyl alcohol, and acetone to a 100-mL volumetric

flask, dilute with N,N-dimethylacetamide to volume, and

mix. Dilute 10.0 mL of this solution with 10.0 mL of

N,N-dimethylacetamide to obtain a solution containing

about 0.04 mg of each per mL.

Test solution—Transfer about 100 mg of Sotalol Hydro-

chloride, accurately weighed, to a 25-mL flask, dissolve in

10.0 mL of N,N-dimethylacetamide, and mix. [NOTE—Do

not dilute to volume.]

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector and a 1.8-mm 6 1.8-m glass column containing

5% phase G16 on 60- to 80-mesh support S12. The injection

port temperature is maintained at 2008, and the detector tem-

perature is maintained at 3008. The column temperature is

maintained at 708 for 5 minutes, then increased at a rate

of 308 per minute to 1808, and maintained at 1808 for 3 min-

utes. Helium is used as the carrier gas, flowing at a rate of

about 30 mL per minute. Chromatograph the Standard solu-

tion, and record the peak areas as directed for Procedure: the

relative retention times are 1.0, 1.4, and 2.7 for methanol,

acetone, and isopropyl alcohol, respectively; the resolution,

R, between methanol and acetone and between acetone and

isopropyl alcohol is not less than 2.0; and the relative stan-

dard deviation for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 1 mL)

of the Test solution and the Standard solution into the chro-

matograph, record the chromatograms, and measure the

methanol, isopropyl alcohol, and acetone peak areas. Calcu-

late the percentages of methanol, isopropyl alcohol, and ace-

tone in the portion of Sotalol Hydrochloride taken by the

formula:

1000(C/W)(rU / rS),
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in which C is the concentration, in mg per mL, of the appro-

priate analyte in the Standard solution; W is the quantity, in

mg, of Sotalol Hydrochloride taken to prepare the Test solu-

tion; and rU and rS are the peak areas of the corresponding

analyte obtained from the Test solution and the Standard

solution, respectively: not more than 0.3% each of metha-

nol, isopropyl alcohol, and acetone is found; and not more

than 0.5% total of methanol, isopropyl alcohol, and acetone

is found.

Related compounds—

Mobile phase—Proceed as directed in the Assay.

Standard solution—Dissolve accurately weighed quanti-

ties of USP Sotalol Hydrochloride RS, USP Sotalol Hydro-

chloride Related Compound A RS, USP Sotalol Related

Compound B RS, and USP Sotalol Hydrochloride Related

Compound C RS inMobile phase, and dilute quantitatively,

and stepwise if necessary, with Mobile phase to obtain a

solution having known concentrations of about 6 mg of each

per mL.

Test solution—Transfer about 200 mg of Sotalol Hydro-

chloride, accurately weighed, to a 100-mL volumetric flask,

dissolve in and dilute with Mobile phase to volume, and

mix.

Chromatographic system—Prepare as directed in the As-

say. Chromatograph the Standard solution, and record the

peak heights as directed for Procedure: the relative retention

times are about 0.65 for sotalol related compound B, 1.0 for

sotalol hydrochloride, 1.2 for sotalol hydrochloride related

compound A, and 1.4 for sotalol hydrochloride related com-

pound C; the resolution, R, between sotalol hydrochloride

related compound A and sotalol hydrochloride is not less

than 2.0; and the relative standard deviation for replicate in-

jections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 25

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

heights for the major peaks. Calculate the percentage of

each sotalol related compound in the portion of Sotalol

Hydrochloride taken by the formula:

0.1(C/W)(ri / rS),

in which C is the concentration, in mg per mL, of the appro-

priate USP Related Compound Reference Standard in the

Standard solution; W is the weight, in mg, of Sotalol Hydro-

chloride taken to prepare the Test solution; and ri and rS are

the peak heights for the corresponding related compound

obtained from the Test solution and the Standard solution,

respectively. Calculate the percentage of other impurities

in the portion of Sotalol Hydrochloride taken by the for-

mula:

0.1(C/W)(rsi / rS),

in which C is the concentration, in mg per mL, of USP So-

talol Hydrochloride RS in the Standard solution; W is the

weight, in mg, of Sotalol Hydrochloride taken to prepare

the Test solution; rsi is the sum of the peak heights for all

impurities, other than the related compounds, obtained from

the Test solution; and rS is the peak height of sotalol ob-

tained from the Standard solution. Not more than 0.3% each

of sotalol hydrochloride related compound A and sotalol

hydrochloride related compound B is found; not more than

0.4% of sotalol hydrochloride related compound C is found;

not more than 0.3% of other impurities is found; and not

more than 0.5% of total impurities is found.

Organic volatile impurities, Method IV h467i: meets the

requirements.

Content of chloride—Transfer about 310 mg of Sotalol

Hydrochloride, accurately weighed, to a glass beaker, and

dissolve in 100 mL of water and 10 mL of glacial acetic
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acid. Titrate with 0.1 N silver nitrate VS, and determine the

endpoint potentiometrically. Each mL of 0.1 N silver nitrate

is equivalent to 3.545 mg of chloride (Cl): between 11.1%

and 11.9% of chloride is found.

Assay—

Diluent—Prepare a mixture of water and acetonitrile

(4:1).

Mobile phase—Transfer about 1.08 g of sodium 1-octane-

sulfonate to a 1000-mL volumetric flask. Dissolve in 10 mL

of glacial acetic acid and about 70 mL of water. Add 720 mL

of water, dilute with acetonitrile to volume, and mix. Filter,

and degas. Make adjustments if necessary (see System Suit-

ability under Chromatography h621i).

Internal standard solution—Transfer about 450 mg of

caffeine to a 100-mL volumetric flask. Dissolve in and di-

lute with Diluent to volume, and mix.

Standard preparation—Transfer about 50 mg of USP So-

talol Hydrochloride RS, accurately weighed, to a 25-mL

volumetric flask. Dissolve in and dilute with Diluent to vol-

ume, and mix. Transfer 10.0 mL of this solution and 5.0 mL

of Internal standard solution to a 100-mL volumetric flask.

Dilute with Diluent to volume, and mix.

Assay preparation—Transfer about 100 mg of Sotalol

Hydrochloride, accurately weighed, to a 50-mL volumetric

flask. Dissolve in and dilute with Diluent to volume, and

mix. Pipet 10.0 mL of this solution and 5.0 mL of Internal

standard solution into a 100-mL volumetric flask. Dilute

with Diluent to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 238-nm detec-

tor and a 3.9-mm 6 30-cm column that contains packing

L1. The flow rate is about 1.5 mL per minute. Chromato-

graph the Standard preparation, and record the peak areas

as directed for Procedure: the relative retention times are

about 1.0 for sotalol and 0.39 for caffeine; the resolution,

R, between caffeine and sotalol is not less than 8.5; and

the relative standard deviation for replicate injections, deter-

mined from peak area ratios, is not more than 2.0%.

Procedure—Separately inject equal volumes (about 25

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the areas for the major peaks. Calculate the quan-

tity, in mg, of C12H20N2O3S �HCl in the portion of Sotalol

Hydrochloride taken by the formula:

500C(RU /RS),

in which C is the concentration, in mg per mL, of USP So-

talol Hydrochloride RS in the Standard preparation; and RU

and RS are the peak area ratios of sotalol to caffeine obtained

from the Assay preparation and the Standard preparation,

respectively.&2S (USP26)

BRIEFING

Sotalol Hydrochloride Tablets, page 1816 of PF 27(1) [Jan.–
Feb. 2001]—See briefing under Sotalol Hydrochloride.

(PA5: A. Wilk; PSD: C. Okeke) RTS—39745-3

Add the following:

&Sotalol Hydrochloride Tablets

» Sotalol Hydrochloride Tablets contain not less

than 95.0 percent and not more than 105.0 percent

of the labeled amount of sotalol hydrochloride

(C12H20N2O3S �HCl).
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Change to read:

Packaging and storage—Preserve in well-closed light-re-

sistant containers&, and store at controlled room tempera-

ture.&1S (USP27)

USP Reference standards h11i—USP Sotalol Hydro-

chloride RS.

Identification—Weigh and powder a quantity of the Tab-

lets, equivalent to about 250 mg of sotalol hydrochloride,

and transfer to a 50-mL volumetric flask. Add 25 mL of

methanol, and shake for 10 minutes. Dilute with methanol

to volume, mix, and filter: the filtrate so obtained meets the

requirements for Identification test B under Sotalol Hydro-

chloride.

Dissolution h711i—

Medium: water; 900 mL.

Apparatus 2: 50 rpm.

Time: 30 minutes.

Procedure—Determine the amount of C12H20N2O3S �HCl

dissolved by employing UVabsorption at the wavelength of

maximum absorbance at about 230 nm on filtered portions

of the solution under test, in comparison with a Standard

solution having a known concentration of USP Sotalol

Hydrochloride RS in the same Medium.

Tolerances—Not less than 80% (Q) of the labeled amount

of C12H20N2O3S �HCl is dissolved in 30 minutes.

Uniformity of dosage units h905i: meet the requirements.

Assay—

Phosphate buffer—Dissolve 6.8 g of monobasic potas-

sium phosphate in about 800 mL of water. Dilute with water

to 1000 mL, and mix.

Mobile phase—Prepare a filtered and degassed mixture of

Phosphate buffer and acetonitrile (9:1).

Internal standard solution—Transfer about 1.8 g of caf-

feine, accurately weighed, to a 1000-mL volumetric flask.

Dissolve in and dilute with water to volume, and mix.

Standard preparation—Transfer about 80 mg of USP So-

talol Hydrochloride RS, accurately weighed, to a 25-mL

volumetric flask. Add 2.5 mL of 1 N hydrochloric acid, dis-

solve in and dilute with water to volume, mix, and filter.

Transfer 10.0 mL of the filtrate and 25.0 mL of the Internal

standard solution to a 200-mL volumetric flask. Dilute with

water to volume, and mix.

Assay preparation—Transfer an appropriate number of

Tablets, equivalent to about 800 mg of sotalol hydro-

chloride, to a 250-mL volumetric flask. Add 25 mL of 1

N hydrochloric acid, and swirl. Dilute with water to about

three-fourths of the volume of the flask, and shake for 15

minutes. Dilute with water to volume, mix, and filter. Trans-

fer 10.0 mL of this solution and 25.0 mL of the Internal

standard solution to a 200-mL volumetric flask. Dilute with

water to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 238-nm detec-

tor and a 3.9-mm 6 30-cm column that contains packing

L1. The flow rate is about 1.5 mL per minute. Chromato-

graph the Standard preparation, and record the peak areas

as directed for Procedure: the relative retention times for so-

talol and caffeine are about 1.0 and 2.0, respectively; the

resolution, R, between caffeine and sotalol is not less than

6.0; and the relative standard deviation for replicate injec-

tions, determined from peak area ratios, is not more than

2.0%.

Procedure—Separately inject equal volumes (about 25

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the areas for the major peaks. Calculate the quan-

tity, in mg, of sotalol hydrochloride (C12H20N2O3S �HCl) in

the portion of Tablets taken by the formula:

5000C(RU / RS),
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in which C is the concentration, in mg per mL, of USP So-

talol Hydrochloride RS in the Standard preparation; and RU

and RS are the peak area ratios of sotalol to caffeine obtained

from the Assay preparation and the Standard preparation,

respectively.&2S (USP26)

BRIEFING

Soybean Oil, USP 26 page 1707; Hydrogenated Soybean Oil,
page 1631 of PF 28(5) [Sept.–Oct. 2002]. It is proposed to revise
the Definition to change the scientific name of the soya plant. The
correct name, according to the American Herbal Products Associa-
tion’s Herbs of Commerce, is ‘‘Glycine max Merr. (Fabaceae).’’

(EMC: E. Gonikberg; NL: C. Barnstein) RTS—39702-1

Change to read:

» Soybean Oil is the refined fixed oil obtained from the
seeds of the soya plant Glycine soja (Fam. Legumino-
sae).

&Glycine max Merr. (Fabaceae).&1S (USP27)

BRIEFING

Spironolactone, USP 26 page 1709 and page 115 of PF 29(1)
[Jan.–Feb. 2003]. An additional revision for the Mobile phase un-
der the Assay is presented.

(PA5: A. Wilk) RTS—36568-1

Change to read:
Assay—
Mobile phase—Prepare a

&filtered and degassed&1S (USP27)

mixture of methanol and 0.02 M dibasic ammonium phosphate
~

water
~USP27

(60:40). Degas the mixture in vacuum with continuous stirring for
about 30 minutes before use.

~

~USP27

Standard preparation—Dissolve an accurately weighed quantity
of USP Spironolactone RS in a mixture of acetonitrile and water
(9:1),
~

(50:50)
~USP27

and dilute quantitatively with the same mixture to obtain a solution
having a known concentration of about 250 mg
~

0.5 mg
~USP27

of USP Spironolactone RS per mL.
Assay preparation—Transfer about 25 mg

~

50 mg
~USP27

of Spironolactone, accurately weighed, to a 100-mL volumetric
flask, add a mixture of acetonitrile and water (9:1)
~

(50:50)
~USP27

to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

liquid chromatograph is equipped with a 254-nm
~

230-nm
~USP27

detector and a 3.9-mm 6 30-cm
~

4.6-mm 6 15-cm
~USP27

column that contains packing L1. The flow rate is about 1 mL per
minute. Chromatograph the Standard preparation, and record the
peak responses as directed for Procedure: the column efficiency is
not less than 2000 theoretical plates determined from the spirono-
lactone peak;

~

~USP27

the tailing factor is not more than 2.0; and the relative standard de-
viation for replicate injections is not more than 1.5%. [NOTE—The
retention time for spironolactone is about 11 minutes.]
~

~USP27

Procedure—Separately inject equal volumes (about 20 mL) of
the Standard preparation and the Assay preparation into the chro-
matograph, record the chromatograms, and measure the responses
for the major peaks. Calculate the quantity, in mg, of C24H32O4S in
the portion of Spironolactone taken by the formula:

0.1C(rU / rS),

~

100C(rU / rS),~USP27

in which C is the concentration, in mg
~

mg
~USP27

per mL, of USP Spironolactone RS in the Standard preparation;
and rU and rS are the spironolactone peak responses obtained from
the Assay preparation and the Standard preparation, respectively.
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BRIEFING

Spironolactone and Hydrochlorothiazide Tablets, USP 26
page 1710—See briefing under Acetaminophen and Codeine
Phosphate Capsules.

(NL: C. Barnstein; PA5: A. Wilk) RTS—39591-1

Delete the following:
&Pharmacy Equivalent Name: Co-spironozide Tablets&1S (USP27)

BRIEFING

Topical Starch, USP 26 page 1713. It is proposed to use a new
volumetric solution in the test for Sulfur dioxide.

(EMC: J. Lane) RTS—39741-1

Change to read:
Sulfur dioxide—Mix 20 g with 200 mL of water to obtain a
smooth suspension, and filter. To 100 mL of the clear filtrate add
3 mL of starch TS, and titrate with 0.010 N iodine

&0.01 N iodine VS&1S (USP27)

to the first permanent blue color: not more than 2.7 mL is con-
sumed (0.008%).

BRIEFING

Triple Sulfa Vaginal Inserts—See briefing under Clotrimazole
Vaginal Tablets.

(NL: C. Barnstein; PA7b: B. Davani) RTS—39572-1

Add the following:

&Triple Sulfa Vaginal Inserts
(Monograph under this new title—to become official Oc-
tober 1, 2005)
Current monograph title is Triple Sulfa Vaginal Tablets

» Triple Sulfa Vaginal Inserts contain not less than

90.0 percent and not more than 110.0 percent of

t h e l a b e l e d amoun t s o f s u l f a t h i a z o l e

(C9H9N3O2S2), sulfacetamide (C8H10N2O3S),

and sulfabenzamide (C13H12N2O3S).

Packaging and storage—Preserve in well-closed, light-re-

sistant containers.

USP Reference standards h11i—USP Sulfacetamide RS.

USP Sulfabenzamide RS. USP Sulfathiazole RS.

Identification—The retention times of the major peaks in

the chromatogram of the Assay preparation correspond to

those of the Standard preparation, as obtained in the Assay.

Disintegration h701i: 30 minutes.

Uniformity of dosage units h905i: meet the requirements

for Weight Variation with respect to sulfathiazole, to sulfa-

cetamide, and to sulfabenzamide.

Assay—

Mobile phase, Internal standard solution, and Standard

preparation—Prepare as directed in the Assay under Triple

Sulfa Vaginal Cream.

Assay preparation—Weigh and finely powder not less

than 10 Vaginal Inserts. Transfer an accurately weighed por-

tion of the powder, equivalent to about 144 mg of sulface-

tamide, 184 mg of sulfabenzamide, and 173 mg of

sulfathiazole, to a 250-mL volumetric flask. Add 10.0 mL

of water, and shake for 10 minutes. Add 10.0 mL of Internal

standard solution and 100 mL of acetone, and shake for 30

minutes at low speed on a mechanical shaker. Dilute with

acetone to volume, mix, and allow to stand for 30 minutes.
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Pipet 5 mL of the clear supernatant into a 50-mL volumetric

flask, and evaporate on a steam bath with the aid of a gentle

stream of nitrogen to dryness. Dissolve the residue in Mo-

bile phase, dilute with Mobile phase to volume, and mix.

Chromatographic system and Procedure—Proceed with

the Vaginal Inserts as directed in the Assay under Triple Sul-

fa Vaginal Cream.&1S (USP27)

(Official October 1, 2005)

BRIEFING

Triple Sulfa Vaginal Tablets, USP 26 page 1723. It is proposed
to change the title of this monograph to Triple Sulfa Vaginal In-
serts. See also briefing under Clotrimazole Vaginal Tablets.

(NL: C. Barnstein; PA7b: B. Davani) RTS—39572-1

Triple Sulfa Vaginal Tablets
Monograph title change—to become official October 1,
2005
(see Official Title Changes on the first page of In-Pro-
cess Revision):
See Triple Sulfa Vaginal Inserts

BRIEFING

Sulfamethoxazole and Trimethoprim Injection, USP 26 page
1738—See briefing under Acetaminophen and Codeine Phosphate
Capsules.

(NL: C. Barnstein; PA7b: B. Davani) RTS—39592-1

Delete the following:
&Pharmacy Equivalent Name: Co-trimoxazole Injection&1S (USP27)

BRIEFING

Sulfamethoxazole and Trimethoprim Oral Suspension, USP
26 page 1739—See briefing under Acetaminophen and Codeine
Phosphate Capsules.

(NL: C. Barnstein; PA7b: B. Davani) RTS—39593-1

Delete the following:
&Pharmacy Equivalent Name: Co-trimoxazole Oral Suspen-
sion&1S (USP27)

BRIEFING

Sulfamethoxazole and Trimethoprim Tablets, USP 26 page
1740—See briefing under Acetaminophen and Codeine Phosphate
Capsules.

(NL: C. Barnstein; PA7b: B. Davani) RTS—39594-1

Delete the following:
&Pharmacy Equivalent Name: Co-trimoxazole Tablets&1S (USP27)

BRIEFING

Sulfasalazine Delayed-Release Tablets,USP 26 page 1743 and
page 788 of PF 28(3) [May–June 2002]. The FDA recently ap-
proved an ANDA for Sulfasalazine Delayed-Release Tablets with
a Drug release test. Therefore, it is proposed to replace the Disin-
tegration test with the Drug release test, because data was supplied
showing the suitability of the test for both the ANDA and NDA
products. The quantitative step of the Drug release test was done
by HPLC and it was validated using Partisil ODS-3 brand of L1
column. The retention time for sulfasalazine is about 7.5 minutes.

(BPC: M. Marques) RTS—39403-1; 39337-1

Delete the following:
~

Disintegration h701i:15 60 minutes, determined as directed un-
der Delayed-Release (enteric coated) Tablets.&1S (USP27)
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Add the following:

&Drug release, Method B h724i—

ACID STAGE—

Medium: 0.1 N hydrochloric acid; 900 mL.

Apparatus 1: 100 rpm.

Time: 120 minutes.

At the end of 120 minutes, determine the amount of

C18H14N4O5S dissolved by employing the following meth-

od.

Mobile phase—Prepare a filtered and degassed mixture of

water, isopropanol, acetonitrile, and glacial acetic acid

(22:11:7:0.4). Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Standard solution—Dissolve an accuretely weighed

quantity of USP Sulfasalazine RS in 0.1 N sodium hydrox-

ide, and dilute quantitatively, and stepwise if necessary, with

0.1 N sodium hydroxide to obtain a solution having a

known concentration of about 55.6 mg per mL.

Test solution—Pass about 7 mL of the solution under test

through a membrane filter having a 0.45-mm porosity.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 254-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing

L1. The flow rate is about 1 mL per minute. Chromatograph

the Standard solution, and record the peak responses as di-

rected for Procedure: the retention time for sulfasalazine is

about 7.7 minutes, and the relative standard deviation for

replicate injections is not more than 2.0%.

Procedure—Inject a volume (about 10 mL) of the Stan-

dard solution and Test solution into the chromatograph,

and measure the peak responses. Calculate the percentage

of C18H14N4O5S dissolved by the formula:

(900CS / LC)(rU / rS),

in which CS is the concentration, in mg per mL, of USP Sul-

fasalazine RS in the Standard solution; LC is the label

claim, in mg; and rU and rS are the peak responses obtained

from the Test solution and the Standard solution, respective-

ly.

Tolerances—Not more than 10% of the labeled amount of

C18H14N4O5S is dissolved in 120 minutes.

BUFFER STAGE—

Medium: pH 7.5 phosphate buffer; 900 mL.

Apparatus 1: 100 rpm.

Time: 60 minutes.

At the end of 60 minutes, determine the amount of

C18H14N4O5S dissolved by employing the chromatographic

method as described under Acid stage.

Tolerances—Not less than 85% (Q) of the labeled amount

of C18H14N4O5S is dissolved in 60 minutes.&1S (USP27)

BRIEFING

Triamterene Capsules,USP 26 page 1870 and page 3000 of the
First Supplement. To avoid the relabeling of the product by the sole
approved manufacturer in the United States, it is proposed to re-
number the Dissolution tests so that Test 1 becomes Test 2 and Test
2 becomes Test 1. In the absence of any adverse comment, it is
proposed to implement this revision via the Fifth Interim Revision
Announcement pertaining to USP 26–NF 21, with an official date
of October 1, 2003.

(BPC: M. Marques) RTS—39729-1

Change to read:
Dissolution h711i—

&Test 1—&1S (USP26)

Medium: 0.1 N hydrochloric acid; 900 mL.
Apparatus 1: 100 rpm.
Time: 45 minutes.
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Procedure—Determine the amount of C12H11N7 dissolved by
employing UV absorption at the wavelength of maximum absor-
bance at about 357 nm on filtered portions of the solution under
test, suitably diluted with Dissolution Medium, if necessary, in
comparison with a Standard solution having a known concentra-
tion of USP Triamterene RS in the same Medium.
Tolerances—Not less than 75% (Q) of the labeled amount of

C12H11N7 is dissolved in 45 minutes.
&Test 2—If the product complies with this test, the labeling in-

dicates that it meets USP Dissolution Test 2.
Medium: 1%w/v of polysorbate 20 in 0.1 N acetic acid; 900 mL.
Apparatus 2: 100 rpm.
Time: 120 minutes.
Procedure—Proceed as directed under Test 1.
Tolerances—Not less than 80% (Q) of the labeled amount of

C12H11N7 is dissolved in 120 minutes.&1S (USP26)

.Test 1:

Medium: 1% w/v of polysorbate 20 in 0.1 N acetic acid;

900 mL.

Apparatus 2: 100 rpm.

Time: 120 minutes.

Procedure—Proceed as directed under Test 2.

Tolerances—Not less than 80% (Q) of the labeled amount

of C12H11N7 is dissolved in 120 minutes.

Test 2: If the product complies with this test, the labeling

indicates that it meets USP Dissolution Test 2.

Medium: 0.1 N hydrochloric acid; 900 mL.

Apparatus 1: 100 rpm.

Time: 45 minutes.

Procedure—Determine the amount of C12H11N7 dis-

solved by employing UV absorption at the wavelength of

maximum absorbance at about 357 nm on filtered portions

of the solution under test, suitably diluted with Dissolution

Medium, if necessary, in comparison with a Standard solu-

tion having a known concentration of USP Triamterene RS

in the same Medium.

Tolerances—Not less than 75% (Q) of the labeled amount

of C12H11N7 is dissolved in 45 minutes..5

BRIEFING

Triamterene and Hydrochlorothiazide Capsules, USP 26
page 1871 and page 3001 of the First Supplement—See briefing
under Acetaminophen and Codeine Phosphate Capsules.

(NL: C. Barnstein; PA5: A. Wilk) RTS—39595-1

Delete the following:
&Pharmacy Equivalent Name: Co-Triamterzide Capsules&1S (USP27)

BRIEFING

Triamterene and Hydrochlorothiazide Tablets, USP 26 page
1872 and page 3001 of the First Supplement—See briefing under
Acetaminophen and Codeine Phosphate Capsules.

(NL: C. Barnstein; PA5: A. Wilk) RTS—39596-1

Delete the following:
&Pharmacy Equivalent Name: Co-Triamterzide Tablets&1S (USP27)

BRIEFING

Trimethobenzamide Hydrochloride, USP 26 page 1891. It is
proposed to modify the description of the electrode used for titra-
tion in the Assay.

(PA4: E. Gonikberg) RTS—39748-1

Change to read:
Assay—Dissolve about 1.3 g of Trimethobenzamide Hydro-
chloride, previously dried and accurately weighed, in 80 mL of gla-
cial acetic acid and 15 mL of mercuric acetate TS. Titrate with 0.1
N perchloric acid VS, determining the endpoint potentiometrically
using a calomel-glass electrode system.

&suitable electrodes.&1S (USP27)

Perform a blank determination, and make any necessary correction.
Each mL of 0.1 N perchloric acid is equivalent to 42.49 mg of
C21H28N2O5 �HCl.
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BRIEFING

Valproic Acid, USP 26 page 1915 and page 128 of PF 29(1)
[Jan.–Feb. 2003]. To reflect actual values obtained when the sol-
vent used in the Internal standard solution, Standard preparation,
and Assay preparation was changed from pentane to heptane, it is
proposed to modify the desired resolution and relative standard de-
viation in the system suitability test under Chromatographic sys-
tem in the Assay.

(PA3: S. Salado) RTS—39278-1

Change to read:
Chromatographic purity—
System suitability solution—Mix suitable quantities of butyric

acid, valeric acid, and USP Valproic Acid Related Compound A
RS in Valproic Acid to obtain a solution containing about 1.0 mg

~mL
~USP27

per mL, 1.0 mg

~mL
~USP27

per mL, and 0.1 mL per mL, respectively.
Test solution—Use Valproic Acid.
Chromatographic system (see Chromatography h621i)—The

gas chromatograph is equipped with a flame-ionization detector
and a 0.32-mm 6 60-m column coated with a

~

0.3-mm
~USP27

film of phase G25. Helium is used as the carrier gas with a

~

total
~USP27

flow rate of about 150 mL per minute

~

with a split flow ratio of 100:1.
~USP27

The injection port and detector temperatures are maintained at 2408
and 2608, respectively. The chromatograph is programmed as fol-
lows. Initially the temperature of the column is equilibrated at 1458
for 48 minutes, then the temperature is linearly increased at a rate
of 58 per minute to 1908, and maintained at 1908. Chromatograph
the System suitability solution, and record the peak responses as
directed for Procedure: the relative retention times are about
0.38 for butyric acid, 0.52 for valeric acid, 1.64 for valproic acid
related compound A, and 1.0 for valproic acid; the resolution, R,
between butyric acid and valeric acid is not less than 23.0; the col-
umn efficiency determined from valeric acid is not less than
100,000 theoretical plates; and the tailing factor for the valeric acid
peak is not more than 1.5. The valproic acid related compound A
peak must elute between 41 and 50 minutes and must have a peak
area of not less than 0.01% relative to the valproic acid peak.
Procedure—Inject a volume (about 0.5 mL) of the Test solution

into the chromatograph, record the chromatogram, and measure the
peak responses. Calculate the percentage of each impurity in the
portion of Valproic Acid taken by the formula:

100(ri / rs),

in which ri is the peak response for each impurity; and rs is the sum
of the responses for all the peaks: not more than 0.1% of any in-
dividual impurity is found; and not more than 0.3% of total impu-
rities is found.

Change to read:
Assay—
Internal standard solution—Transfer about 1.2 g of nonanoic

acid to a 100-mL volumetric flask, and dissolve in and dilute with
heptane to volume.
Standard preparation—Dilute an accurately weighed quantity of

USP Valproic Acid RS with heptane to obtain a solution having a
known concentration of about 10.0 mg per mL. Transfer 5.0 mL of
this solution to a 50-mL volumetric flask, add 5.0 mL of Internal
standard solution, dilute with heptane to volume, and mix.
Assay preparation—Transfer about 100 mg of Valproic Acid,

accurately weighed, to a 10-mL volumetric flask, dilute with hep-
tane to volume, and mix. Transfer 5.0 mL of this solution to a 50-
mL volumetric flask, add 5.0 mL of Internal standard solution, di-
lute with heptane to volume, and mix.
Chromatographic system (see Chromatography h621i)—The

gas chromatograph is equipped with a flame-ionization detector
and a 2.0-mm 6 1.8-m column packed with 10% phase G34 on
80- to 100-mesh support S1A. The carrier gas is helium. The flow
rate is about 35 mL per minute. The column, injection port, and
detector temperatures are maintained at 1758, 2758, and 3008, re-
spectively. Chromatograph the Standard preparation, and record
the peak responses as directed for Procedure: the relative retention
times are about 1.0 for valproic acid and 2.0 for nonanoic acid; the
resolution, R, between valproic acid and nonanoic acid is not less
than 8.0;

&7.0;&1S (USP27)

and the relative standard deviation for replicate injections is not
more than 2.0%.

&1.5%.&1S (USP27)

Procedure—Separately inject equal volumes (about 3 mL) of the
Standard preparation and the Assay preparation into the chro-
matograph, record the chromatograms, and measure the responses
for the major peaks. Calculate the quantity, in mg, of C8H16O2 in
the portion of Valproic Acid taken by the formula:

100C(RU /RS),

in which C is the concentration, in mg per mL, of USP Valproic
Acid RS in the Standard preparation; and RU and RS are the peak
response ratios of valproic acid to the internal standard obtained
from the Assay preparation and the Standard preparation, respec-
tively.

BRIEFING

Valsartan, page 396 of PF 28(2) [Mar.–Apr. 2002]. On the ba-
sis of the comments received, it is proposed to delete the Specific
rotation test and change Related compounds, Test 1 for detection of
the enantiomer valsartan related compound A. The validation data
was obtained using a 250-mm 6 4.6-mm Daicel Chemical Indus-
tries Inc., Chiralcel OD brand of L40 column.

(PA5: A. Wilk) RTS—38279-1
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Add the following:

&Valsartan

C24H29N5O3 435.53 435.52

L-Valine, N-(1-oxopentyl)-N-[[2’-(1H-tetrazol-5-yl)[1,1’-bi-

phenyl]-4-yl]methyl].

N-[p-(o-1H-Tetrazol-5-yl-phenyl)benzyl]-N-valeryl-L-va-

line [137862-53-4].

»Valsartan contains not less than 98.0 percent and

not more than 102.0 percent of C24H29N5O3, cal-

culated on the anhydrous basis.

Packaging and storage—Preserve in well-closed con-

tainers.

USP Reference standards h11i—USP Valsartan RS. USP

Valsartan Related Compound A RS. USP Valsartan Related

Compound B RS. USP Valsartan Related Compound C RS.

Identification—

A: Infrared Absorption h197Mi.

B: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

Absorbance: not more than 0.070 0.07, determined at 420

nm, in a 4-cm cell, on a solution prepared by dissolving 1 g

in 20 mL of methanol.

Specific rotation h781Si: between –648 and –698 at 208.

Test solution: 10 mg per mL, in methanol.

Water, Method I h921i: not more than 2.0%.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method II h231i: 0.001%.

Related compounds—

TEST 1 (LIMIT OF VALSARTAN RELATED COMPOUND A)—

0.07 M Phosphate buffer solution—Dissolve 10.99 g of

dibasic sodium phosphate and 3.81 g of monobasic potas-

sium phosphate in water, dilute with water to 1000 mL,

and mix.

Mobile phase—Prepare a filtered and degassed mixture of

0.07 M Phosphate buffer solution and isopropyl alcohol

(98:2). n-hexane, 2-propanol, and trifluoroacetic acid

(85:15:0.1). Make adjustments if necessary (see System

Suitability under Chromatography h621i).

Standard stock solution—Pipet 5.0 mL of System suitabil-

ity solution into a 50-mL volumetric flask, dilute with Mo-

bile phase to volume, and mix. Dissolve an accurately

weighed quantity of USP Valsartan Related Compound A

RS in Mobile phase, and dilute quantitatively, and stepwise

if necessary, to obtain a solution having a known concentra-

tion of about 0.003 mg of valsartan related compound A per

mL. Transfer about 5 mg of USP Valsartan Related Com-

pound A RS, accurately weighed, to a 50-mL volumetric

flask, dissolve in and dilute with Mobile phase to volume,

and mix.

Standard solution—Transfer 1.0 mL of Standard stock

solution into a 10-mL volumetric flask, dilute with Mobile

phase, and mix. Transfer 1.0 mL of this solution into a 10-

mL volumetric flask, dilute with Mobile phase, and mix.

System suitability solution—Transfer about 30 mg of USP

Valsartan Related Compound A, accurately weighed, to a

100-mL volumetric flask, and dissolve in and dilute with

Mobile phase to volume. Pipet 5.0 mL of this solution into

a 50-mL volumetric flask, and dilute with Mobile phase to

volume (Solution 1). Transfer about 15 mg of USP Valsartan

RS, accurately weighed, to a 100-mL volumetric flask, and
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dissolve in Mobile phase. Add, by pipetting, 10.0 mL of

Solution 1 to the same flask, dilute withMobile phase to vol-

ume, and mix. Dissolve accurately weighed quantities of

USP Valsartan RS and USP Valsartan Related Compound

A RS in Mobile phase, serially diluting, if necessary, to ob-

tain a solution having a known concentration of about 0.15

mg of valsartan per mL and about 0.003 mg of valsartan re-

lated compound A per mL. Transfer about 1 mg of Valsar-

tan, accurately weighed, to a 20-mL volumetric flask, add

10 mL of the Standard stock solution, and dissolve in and

dilute with Mobile phase to volume.

Test solution—Transfer about 100 mg of Valsartan, ac-

curately weighed, to a 100-mL volumetric flask, dissolve

in and dilute with Mobile phase to volume, and mix. Pipet

5.0 mL of this solution into a 25-mL volumetric flask, dilute

with Mobile phase to volume, and mix. Transfer about 50

mg of Valsartan, accurately weighed, to a 50-mL volumetric

flask, add about 40 mL of theMobile phase, and sonicate for

5 minutes. Dilute with Mobile phase to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 227-nm 220-

nm detector and a 4.0-mm 6 10-cm 4.6-mm 6 25-cm col-

umn that contains 5-mm packing L41 L40. The flow rate is

about 0.8 mL per minute. Chromatograph the System suit-

ability solution, and record the peak responses as directed

for Procedure: the relative retention times are 0.60 for val-

sartan related compound A and 1.0 for valsartan; the ratio of

the height between the baseline and the lowest point be-

tween the valsartan and valsartan related compound A peaks

to the height of the valsartan related compound A peak is not

more than 0.4. and the resolution, R, between valsartan re-

lated compound A and valsartan is not less than 2.0. Chro-

matograph the Standard solution, and record the peak

responses as directed for Procedure: the relative standard

deviation, determined from the valsartan related compound

A peaks, for replicate injections is not more than 15.0% 5%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

heights areas for the major peaks. Calculate the percentage

of valsartan related compound A in the portion of Valsartan

taken by the formula:

100(rU / rS),

in which rU and rS are the peak responses obtained from the

Test solution and the Standard solution, respectively: not

more than 1.5% is found.

100(CS /CU)(rU / rS),

in which CS is the concentration, in mg per mL, of USP Val-

sartan Related Compound A RS in the Standard solution;

CU is the concentration, in mg per mL, of valsartan in the

Test solution; and rU and rS are the peak responses for val-

sartan related compound A obtained from the Test solution

and Standard solution, respectively: not more than 1.5%

1.0% is found.

TEST 2 (LIMIT OF VALSARTAN RELATED COMPOUND B,

VALSARTAN RELATED COMPOUND C, AND OTHER RELATED

COMPOUNDS)—

Diluent and Mobile phase—Proceed as directed in the As-

say.

Standard stock solution A—Dissolve an accurately

weighed quantity of USP Valsartan RS in Mobile phase to

obtain a solution having a known concentration of about 5

mg per mL.
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Standard stock solution B—Dissolve an accurately

weighed quantity of USP Valsartan Related Compound B

RS in Mobile phase, and dilute quantitatively, and stepwise

if necessary, to obtain a solution having a known concentra-

tion of about 0.05 mg per mL.

Standard stock solution C—Dissolve an accurately

weighed quantity of USP Valsartan Related Compound C

RS in Mobile phase, and dilute quantitatively, and stepwise

if necessary, to obtain a solution having a known concentra-

tion of about 0.025 mg per mL.

Resolution solution—Pipet 10.0 mL of Standard stock

solution A, 5.0 mL of Standard stock solution B, and 2.0

mL of Standard stock solution C into a 100-mL volumetric

flask, dilute with Mobile phase to volume, and mix. Dis-

solve accurately weighed quantities of USP Valsartan RS,

USP Valsartan Related Compound B RS, and USP Valsartan

Related Compound C RS in Mobile phase, serially diluting

if necessary, to obtain a solution having known concentra-

tions of about 0.5 mg 0.001 mg of valsartan per mL, 0.0025

mg 0.001 mg of valsartan related compound B per mL, and

0.0005 mg 0.001 mg of valsartan related compound C per

mL.

Standard solution—Dilute an accurately measured vol-

ume of Standard stock solution A quantitatively, and step-

wise if necessary, with Mobile phase to obtain a solution

having a known concentration of about 0.0005 mg per mL.

Dissolve an accurately weighed quantity of USP Valsartan

RS in Mobile phase, and dilute quantitatively, and stepwise

if necessary, to obtain a solution having a known concentra-

tion of about 0.0005 mg 0.001 mg of valsartan per mL.

Test solution—Transfer about 50 mg of Valsartan, ac-

curately weighed, to a 100-mL volumetric flask, dissolve

in and dilute with Mobile phase to volume, and mix.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay, except to use a 225-nm de-

tector. Chromatograph the Resolution solution, and record

the peak responses as directed for Procedure: the relative

retention times are 0.73 for valsartan related compound B,

1.0 for valsartan, and 3.8 for valsartan related compound C;

the resolution, R, between valsartan related compound B

and valsartan is not less than 1.8; and the relative standard

deviation, determined from the valsartan related compound

B peaks, for replicate injections is not more than 5.0%

10.0%, and the relative standard deviation, determined from

the valsartan peaks, for replicate injections is not more than

2.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Resolution solution, the Standard solution, and

the Test solution into the chromatograph, record the chroma-

tograms, and measure the areas for the major peaks. Calcu-

late the percentage of each impurity valsartan related

compound B and valsartan related compound C in the por-

tion of Valsartan taken by the formula:

100(Dri / rs),

in which D is the factor due to the extent of dilution and is

equal to 2.5 for valsartan related compound B, 0.5 for val-

sartan related compound C, and 0.05 for all other impurities;

ri is the peak response for each impurity obtained from the

Test solution; and rs is the peak response for valsartan re-

lated compound B or valsartan related compound C ob-

tained from the Resolution solution or the valsartan peak

response obtained from the Standard solution, as appropri-

ate:

100(CS /Cu)(ri / rS),

in which CS is the concentration, in mg per mL, of the ap-

propriate USP Valsartan Related Compound RS in the Reso-
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lution solution; Cu is the concentration, in mg per mL, of

valsartan in the Test solution; ri is the peak response for

the impurity obtained from the Test solution; and rS is the

peak response for the appropriate valsartan related com-

pound obtained from the Resolution solution. Calculate

the percentage of each other impurity in the portion of Val-

sartan taken by the formula:

100(CS /Cu)(ri / rS),

in which CS is the concentration, in mg per mL, of USP Val-

sartan RS in the Standard solution; rS is the peak response

for valsartan obtained from the Standard solution; and the

other terms are as defined above: not more than 0.5%0.2%

of valsartan related compound B is found; not more than

0.1% of valsartan related compound C is found; not more

than 0.1% of any other individual impurity, excluding the

valsartan related compound A, is found; and not more than

0.5% of total impurities and not more than 0.3% of total im-

purities, excluding valsartan related compound A, is found.

Assay—

Diluent—Prepare a mixture of acetonitrile and water

(1:1).

Mobile phase—Prepare a filtered and degassed mixture of

water, acetonitrile, and glacial acetic acid (500:500:1).

Make adjustments if necessary (see System Suitability under

Chromatography h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Valsartan RS in Mobile phase, and dilute

quantitatively, and stepwise if necessary, withMobile phase

to obtain a solution having a known concentration of about

0.05 mg 0.5 mg per mL.

Assay preparation—Transfer about 50 mg of Valsartan,

accurately weighed, to a 100-mL volumetric flask, dissolve

in and dilute with Mobile phase to volume, and mix. Pipet

10.0 mL of this solution into a 100-mL volumetric flask, di-

lute with Mobile phase to volume, and mix.

Chromatographic system—The liquid chromatograph is

equipped with a 230-nm 248-nm detector and a 3.0-mm

6 12.5-cm column that contains 5-mm packing L1. The

flow rate is about 0.4 mL per minute. Chromatograph the

Standard preparation, and record the peak responses as di-

rected for Procedure: the tailing factor is between 0.8 and

1.5; and the relative standard deviation for replicate injec-

tions is not more than 2.0%.

Procedure—Separately inject equal volumes (about 10

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the areas for the major peaks. Calculate the quan-

tity, in mg, of C24H29N5O3 in the portion of Valsartan taken

by the formula:

1000C(rU / rS),

in which C is the concentration, in mg per mL, of USP Val-

sartan RS in the Standard preparation; and rU and rS are the

peak responses obtained from the Assay preparation and the

Standard preparation, respectively.&1S (USP27)

BRIEFING

Verteporfin for Injection, page 1202 of PF 28(4) [July–Aug.
2002]. On the basis of comments received, it is proposed to revise
the Labeling section to specify protection from light after constitu-
tion.

(PA6: L. Evans) RTS—39196-1
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Add the following:

&Verteporfin for Injection

» Verteporfin for Injection is a sterile mixture of

liposome-based Verteporfin and Lactose lipids. It

contains not less than 91.0 percent and not more

than 110.0 percent of the labeled amount of verte-

porfin (C41H42N4O8).

Packaging and storage—Preserve in tight Containers for

Sterile Solids as described under Injections h1i, and store

at controlled room temperature, protected from light.

Change to read:

Labeling—Protect from light while in solution. Label it to

indicate if that it is intended for intravenous use only; such

labeling should indicate the name and amount of diluent for

reconstitution with 7 mL of Sterile Water for Injection.&The

label states that it is to be protected from light after consti-

tution. Label it to indicate that it is intended for intravenous

use only; labeling indicates the name and amount of diluent

for constitution.&1S (USP27)

USP Reference standards h11i—USP Verteporfin RS. USP

Verteporfin Related Compound A RS.

Identification—

A: Ultraviolet Absorption h197Ui—

Solution: 10 mg per mL.

Medium: methanol.

B: The retention times of the two major peaks in the

chromatogram of the Assay preparation correspond to those

in the chromatogram of the Standard preparation, as ob-

tained in the Assay.

Pyrogen h151i: meets the requirements, the test dose being

4 mg per kg.

Sterility h71i—It meets the requirements when tested as di-

rected for Membrane Filtration Method under Test Proce-

dures.

Uniformity of dosage units h905i: meets the requirements.

Water,Method Ic h921i: Use a mixture of methanol and for-

mamide (7:3) as the solvent: not more than 3.0%.

Particulate matter h788i: meets the requirements for

small-volume injections.

Limit of verteporfin related compound A—

Mobile phase—Prepare as directed in the Assay.

Standard stock solution—Dissolve accurately weighed

quantities of USP Verteporfin RS and USP Verteporfin Re-

lated Compound A RS in a mixture of acetonitrile and tetra-

hydrofuran (1:1) to obtain a solution having known

concentrations of about 0.167 mg per mL and 6.67 mg per

mL, respectively.

Standard solution—Dissolve accurately weighed quanti-

ties of USP Verteporfin RS and USP Verteporfin Related

Compound A RS in a mixture of water, acetonitrile, and tet-

rahydrofuran (4:3:3) Dissolve 3 parts of the Standard stock

solution with 2 parts water to obtain a solution having

known concentrations of 0.1 mg per mL and 4 mg per mL,

respectively. [NOTE—Protect solution from light.]

Test solution—Use the Assay preparation.

Chromatographic system—The liquid chromatograph is

equipped with a 410-nm detector and a 4.6-mm 6 25-cm

column that contains 5-mm packing L1. The flow rate is

1.4 mL per minute. The column temperature is maintained

at 308. Chromatograph the Standard solution, and record the

peak responses as directed for Procedure: the resolution, R,

between the two verteporfin isomeric peaks is not less than

2.5; the tailing factor is not more than 1.3; and the relative

standard deviation for replicate injections is not more than

2.0%.
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Procedure—Separately inject equal volumes of the Stan-

dard solution and the Test solution into the chromatograph,

record the chromatograms, and measure the responses for

the major peaks. Calculate the percentage of verteporfin re-

lated compound A in the portion of Verteporfin for Injection

taken by the formula:

20(CS / L)(rU / rS),

in which CS is the concentration, in mg per mL, of USP Ver-

teporfin Related Compound A RS in the Standard solution;

L is the labeled quantity, in mg, of verteporfin in Verteporfin

for Injection; and rU and rS are the peak responses for verte-

porfin related compound A in the Test solution and the Stan-

dard solution, respectively. Not more than 4.0% is found.

Change to read:

Assay—

Mobile phase—Prepare a filtered and degassed mixture of

1% (w/w v) ammonium sulfate solution, acetonitrile, tetra-

hydrofuran, and acetic acid (20:11:9:2), and adjust with 3.6

M sulfuric acid to a pH of 3.0.

Standard preparation—Dissolve an accurately weighed

quantity of USP Verteporfin RS in a mixture of tetrahydro-

furan and acetonitrile (3:2) acetonitrile and tetrahydrofuran

(1:1) to obtain a solution containing 0.2 0.167 mg per mL.

Quantitatively dilute this solution with water to obtain a

solution having a known concentration of about 0.1 mg

per mL. [NOTE—Protect solution from light.]

Assay preparation—Reconstitute one vial of Verteporfin

for Injection with 7.0 mL of deionized water to obtain an

approximate concentration of 2 mg per mL, and mix. Quan-

titatively transfer the contents to a 200-mL volumetric flask,

rinsing the vial with a mixture of water, tetrahydrofuran, and

methanol &acetonitrile&1S (USP27) (4:3:3), and dilute with a

mixture of water, tetrahydrofuran, and acetonitrile (5:3:2)

(4:3:3) to volume. [NOTE—Protect solution from light.]

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 410-nm detec-

tor and a 4.6-mm 6 25-cm column that contains 5-mm

packing L1. The flow rate is 1.4 mL per minute. The column

temperature is maintained at 308. Chromatograph the Stan-

dard preparation, and record the peak responses as directed

for Procedure: the resolution, R, between the peaks for the

two verteporfin isomers is not less than 2.5; the tailing factor

is not more than 1.3; and the relative standard deviation for

replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20 mL)

of the Standard preparation and the Assay preparation into

the chromatograph, record the chromatograms, and measure

the peak responses for verteporfin. Calculate the quantity, in

mg, of verteporfin (C41H42N4O8) in the portion of Vertepor-

fin for Injection taken by the formula:

200C(rU / rS),

in which C is the concentration, in mg per mL, of USP Ver-

teporfin RS in the Standard preparation; and rU and rS are

the sums of the peak responses for the two verteporfin iso-

meric peaks in the Assay preparation and Standard prepa-

ration, respectively.&2S (USP26)

BRIEFING

Water for Injection, USP 26 page 1938, page 3002 of the First
Supplement and page 444 of PF 29(2) [Mar.–Apr. 2003]; Purified
Water, USP 26 page 1939 and page 3002 of the First Supplement.
Although h1231i Water for Pharmaceutical Purposes provides a
comprehensive coverage of the topic, the intent of the Pharmaceu-
tical Waters Expert Committee is to direct attention to the micro-
biological guidance in that general information chapter. This was
done as a harmonization gesture and also to eliminate a persistent
source of confusion. It should be noted that material located above
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the monograph chevrons is informational only. Nevertheless, based
upon public comments, the Committee has decided to revise the
statement so as to eliminate possible misinterpretation.

(PW: F. Barletta) RTS—39138-1

Change to read:

NOTE—For microbiological, chemical, and pro-

cess
&

&1S (USP27)

guidance, see general information chapter Water for
Pharmaceutical Purposes h1231i.

Change to read:

»Water for Injection is water purified by distillation or
by reverse osmosis.

&other suitable process.&2S (USP26)

~a purification process that is equivalent or super-

ior to distillation in the removal of chemicals and

microorganisms.
~USP27

It is prepared from water complying with the U.S. En-
vironmental Protection Agency National Primary
Drinking Water Regulations or comparable regulations
of the European Union or Japan. It contains no added
substance.
NOTE—Water for Injection is intended for use in the

preparation of parenteral solutions. Where used for the
preparation of parenteral solutions subject to final ster-
ilization, use suitable means to minimize microbial
growth, or first render the Water for Injection sterile
and thereafter protect it from microbial contamination.
For parenteral solutions that are prepared under aseptic
conditions and are not sterilized by appropriate filtra-
tion or in the final container, first render the Water for
Injection sterile and, thereafter, protect it from micro-
bial contamination. The tests for Total organic carbon
andConductivity apply toWater for Injection produced
on site for use in manufacturing. Water for Injection
packaged in bulk for commercial use elsewhere meets

&the requirement of the test for Bacterial endotox-

ins as indicated below and&2S (USP26)

the requirements of all the tests under Sterile Purified
Water, except Labeling.

Delete the following:
&Other requirements—It meets the requirements of all of the
tests under Purified Water.&2S (USP26)

Add the following:

&Total organic carbon h643i: meets the require-

ments.&2S (USP26)

Add the following:

&Water conduct iv i ty h645i: meets the requi re -

ments.&2S (USP26)

BRIEFING

Purified Water, USP 26 page 1939 and page 3002 of the First
Supplement—See briefing under Water for Injection.

(PW: F. Barletta) RTS—39737-1

Change to read:

NOTE—For microbiological, chemical, and pro-

cess
&

&1S (USP27)

guidance, see general information chapter Water for
Pharmaceutical Purposes h1231i.

BRIEFING

Water for Hemodialysis, page 1610 of PF 28(5) [Sept.–Oct.
2002]. This new monograph proposal was presented as a Pharm-
copeial Preview and no public comments were received; therefore,
at its January 15th meeting, the Pharmaceutical Waters Expert Com-
mittee voted to advance it to In-Process Revision with an imple-
mentation target of the First Supplement to USP 27.

(PW: F. Barletta) RTS—37444-1
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Add the following:

&Water for Hemodialysis

NOTE—See Water for Health Applications

h1230i for guidelines on microbial and chemical

testing.

» Water for Hemodialysis is water that complies

with the U.S. Environmental Protection Agency

National Primary Drinking Water Regulations,

which has been subjected to further treatment,

using a suitable process, to reduce chemical and

microbiological components. It is produced and

used onsite under the direction of qualified per-

sonnel. It contains no added antimicrobials and

is not intended for injection.

Packaging and storage—Preserve in unreactive storage

containers that are designed to prevent bacterial entry.

USP Reference standards h11i—USP Endotoxin RS.

Microbial limits h61i—The total viable count does not ex-

ceed 100 cfu per mL.

Bacterial endotoxins h85i—It contains not more than 2

USP Endotoxin Units per mL.

Water conductivity h645i: meets the requirements.

Oxidizable substances—To 100 mL, add 10 mL of 2 N po-

tassium permanganate, and boil for 5 minutes. The solution

remains faintly pink; or alternatively follow the test method

for Total Organic Carbon h643i.&1S (USP27)

BRIEFING

Yttrium Y 90 Ibritumomab Tiuxetan Injection, page 1890 of
PF 28(6) [Nov.–Dec. 2002]. In the sectionOther requirements, it is
proposed to delete an incorrect reference to the tests for Identifica-
tion and Radionuclidic purity under Indium In III Chloride Solu-
tion. It is also proposed to add a test for Radionuclidic purity. That
test is performed on the yttrium Y 90 chloride solution used to
radiolabel the monoclonal antibody, and uses a P-81Whatman Cel-
lulose Phosphate chromatographic strip. In addition, editorial style
changes have been made.

(RMI: F. Barletta) RTS—37677-2

Add the following:

&Yttrium Y 90 Ibritumomab Tiuxetan
Injection

» Ibritumomab Tiuxetan is the immunoconjugate

resulting from a stable thiourea covalent bond be-

tween the monoclonal antibody ibritumomab and

the linker-chelator tiuxetan [N-[2-bis(carboxy-

methyl)amino]-3-(p-isothiocyanatophenyl)pro-

pyl] - [N-[ 2-bis( carboxymethyl )amino ]-2-(meth-

yl)ethyl)glycine. This chelate provides a high-af-

finity, conformationally restricted chelation site

for 90Y and 111In. The approximate molecular

weight of Ibriturmomab Tiuxetan is 148 kD.

Ibritumomab is a murine IgG1 kappa monoclo-

nal antibody directed against the CD20 antigen,

which is found on the surface of normal and ma-

lignant B lymphocytes. Ibritumomab is produced

in Chinese hamster ovary cells and is composed of

two murine gamma 1 heavy chains of 445 amino

acids each and two kappa light chains of 213 ami-

no acids each.

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
Vol. 29(3) [May–June 2003] IN-PROCESS REVISION 681



Yttrium Y 90 Ibritumomab Tiuxetan Injection

is a sterile, nonpyrogenic preparation of the im-

munoconjugate of ibritumomab and tiuxetan that

is labeled with 90Y and is suitable for intravenous

administration. It contains not less than 90.0 per-

cent and not more than 110.0 percent of the la-

beled amount of 90Y as the ibri tumomab

complex, expressed in megabecquerels (or milli-

curies) per mL at the time indicated in the label-

ing. It may contain buffers and stabilizers. It

contains no antimicrobial agents. Other chemical

forms of radioactivity do not exceed 5 percent of

the total radioactivity. The immunoreactive frac-

tion, as determined by a validated method, is not

less than 90 percent.

Packaging and storage—Preserve in single-dose con-

tainers, and store in a refrigerator for not more than 8 hours.

[NOTE—Translucent protein particles may develop, which

are removed by filtration prior to administration using a

0.22-mm low-protein-binding filter.]

Radiochemical purity—

Adsorbent: 1- 6 8-cm instant silica gel strip.

Test solution: the Injection.

Application volume: 10 mL.

Developing solvent system: 0.9 % sodium chloride solu-

tion.

Procedure—Proceed as directed for Thin-Layer

Chromatography under Chromatography h621i by ascend-

ing chromatography. Determine the distribution of radioac-

tivity on the chromatogram by scanning with a suitable

collimated radiochromatogram strip scanner, and determine

the percentage of radiochemical purity of the test specimen.

Not less than 95% of the 90Y activity is present as a band

between the RF values of 0.0 and 0.1.

Labeling—Label it to include the following in addition to

the information specified for Labeling under Injections h1i:

the time and date of calibration; the amount of Yttrium Y 90

ibritumomab tiuxetan as total MBq (or mCi) and concentra-

tion of yttrium 90Y ibritumomab tiuxetan, in MBq (or mCi)

per mL, at the time of calibration; the expiration date and

time; the storage temperature; and the statement, ‘‘Cau-

tion—Radioactive Material.’’ The labeling indicates that,

in making dosage calculations, correction is to be made

for radioactive decay, and also indicates that the radioactive

half-life of 90Y is 64.1 hours.

USP Reference standards h11i—USP Endotoxin RS.

Radionuclide identification—See Radioactivy h821i.

A: The beta radiation of the Injection shows a mass ab-

sorption coefficient within 5% of the value found for a

known standard of the 90Y when tested under the same

counting conditions.

B: The beta-ray spectrum, obtained on an energy cali-

brated beta spectrometer, is identical to that of the spectrum

of 90Y of known purity, showing a maximum beta particle

energy (Emax) at about 2280 keV. [NOTE—Because of the in-

herent difficulty in measuring beta radiation, a second com-

parative test should be performed.]

Bacterial endotoxins h85i—The limit of endotoxin content

is not more than 175/V USP Endotoxin Units per mL of the

Injection, when compared with the USP Endotoxin RS, in

which V is the maximum recommended total dose, in mL,

at the expiration date or time.

pH h791i: between 5.5 and 7.5.
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Radionuclidic purity (Content of 90Sr in an yttrium Y 90

chloride solution)—Prepare a strontium/yttrium carrier

solution containing 0.34 mg of yttrium chloride (YCl3 �

6H2O) and 0.30 mg of strontium chloride (SrCl2 � 6 H2O)

per mL of 0.1 N hydrochloric acid. Apply about 50 mL of

this solution at the origin of a 2- 6 19-cm cellulose phos-

phate chromatographic strip (see Chromatography h621i),

and allow to dry. Apply about 5 mL of the yttrium Y 90 chlo-

ride radiolabeling solution at the origin, and develop the

chromatogram by ascending chromatography over a period

of about 1.25 hours, using 3 N hydrochloric acid as the de-

veloping solvent, until the solvent front migrates to the 15-

cm mark. Allow to dry. Cut the strip at the 8-cm mark, and

place the upper section (solvent front) in a suitable liquid

scintillation solvent. Using a suitable counting assembly

(see Beta-Emitting Radionuclides in the Assay section of

Identification and Assay of Radionuclides under Radioactiv-

ity h821i), determine the radioactivity, in KBq (or mCi) per

mL of yttrium Y 90 chloride solution. The total radioactivity

of 90Sr is not greater than 740 KBq per 37 GBq (or 20 mCi

per Ci) of 90Yat the expiration date as stated on the labeling.

Other requirements—It meets the requirements for Radio-

nuclide identification and Radionuclidic purity under In-

dium In 111 Chloride Solution. It meets the requirements

under Injections h1i, except that the radioactive component

may be distributed or dispensed prior to completion of the

test for Sterility, the latter test being started on the date of

manufacture.

Assay for radioactivity h821i—Using a suitable counting

assembly (see Scintillation and Semiconductor Detectors in

Identification and Assay of Radionuclides), determine the

total radioactivity, in MBq (or mCi), of the unshielded Injec-

tion, using a calibrated system.&1S (USP27)

BRIEFING

Zinc Gluconate, USP 26 page 1956—See briefing under Fer-
rous Fumarate.

(DSN: G. Giancaspro) RTS—31667-4

Change to read:
Limit of lead—[NOTE—For the preparation of all aqueous solu-
tions and for the rinsing of glassware before use, employ water that
has been passed through a strong-acid, strong-base, mixed-bed ion-
exchange resin before use. Select all reagents to have as low a con-
tent of lead as practicable, and store all reagent solutions in con-
tainers of borosilicate glass. Cleanse glassware before use by
soaking in warm 8 N nitric acid for 30 minutes and by rinsing with
deionized water.]
Ascorbic acid–sodium iodide solution—Dissolve 20 g of ascor-

bic acid and 38.5 g of sodium iodide in water in a 200-mL volu-
metric flask, dilute with water to volume, and mix.
Trioctylphosphine oxide solution—[Caution—This solution

causes irritation. Avoid contact with eyes, skin, and clothing. Take
special precautions in disposing of unused portions of solutions to
which this reagent is added.] Dissolve 5.0 g of trioctylphosphine
oxide in 4-methyl-2-pentanone in a 100-mL volumetric flask, di-
lute with the same solvent to volume, and mix.
Standard solution and Blank—Transfer 5.0 mL of Lead Nitrate

Stock Solution, prepared as directed in the test for Heavy Metals
h231i, to a 100-mL volumetric flask, dilute with water to volume,
and mix. Transfer 2.0 mL of the resulting solution to a 50-mL volu-
metric flask. To this volumetric flask and to a second, empty 50-mL
volumetric flask (Blank) add 10 mL of 9 N hydrochloric acid and
about 10 mL of water. To each flask add 20 mL of Ascorbic acid–
sodium iodide solution and 5.0 mL of Trioctylphosphine oxide
solution, shake for 30 seconds, and allow to separate. Add water
to bring the organic solvent layer into the neck of each flask, shake
again, and allow to separate. The organic solvent layers are the
Blank and the Standard solution, and they contain 0.0 mg and
2.0 mg of lead per mL, respectively.
Test solution—Add 1.0 g of Zinc Gluconate, 10 mL of 9 N hy-

drochloric acid, about 10 mL of water, 20 mL of Ascorbic acid–
sodium iodide solution, and 5.0 mL of Trioctylphosphine oxide
solution to a 50-mL volumetric flask, shake for 30 seconds, and
allow to separate. Add water to bring the organic solvent layer into
the neck of the flask, shake again, and allow to separate. The or-
ganic solvent layer is the Test solution.
Procedure—Concomitantly determine the absorbances of the

Blank, the Standard solution, and the Test solution at the lead emis-
sion line at 283.3 nm, with a suitable atomic absorption spectro-
photometer (see Spectrophotometry and Light-Scattering h851i)
equipped with a lead hollow-cathode lamp and an air–acetylene
flame, using 4-methyl-2-pentanone

&the Blank&1S (USP27)

to set the instrument to zero. In a suitable analysis, the absorbance
of the Blank is not greater than 20% of the difference between

&
&1S (USP27)

the absorbance of the Standard solution and the absorbance of the
Blank

&are significantly different&1S (USP27)

: the absorbance of the Test solution does not exceed that of the
Standard solution (0.001%).
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BRIEFING

Excipients, USP and NF Excipients, Listed by Category, NF
21 page 2679 and page 450 of PF 29(2) ) [Mar.–Apr. 2003]. The
proposed revisions complement the proposed revisions for the
monographs Caprylocaproyl Macrogolglycerides, Linoleoyl
Macrogolglycerides, Oleoyl Macrogolglycerides, Diethylene Gly-
col Monostearate, Ethylene Glycol Monostearate, and Hydroge-
nated Soybean Oil, which appear elsewhere in this number of PF.

(EMC) RTS—39490-1; 39490-2; 39703-1; 39633-1; 39633-
2; 39633-3

Change to read:
Antimicrobial Preservative
Benzalkonium Chloride
Benzalkonium Chloride Solution
Benzethonium Chloride
Benzoic Acid
Benzyl Alcohol
Butylparaben

~

Cetrimonium Bromide
~NF22

Cetylpyridinium Chloride
Chlorobutanol
Chlorocresol
Cresol
Ethylparaben
Methylparaben
Methylparaben Sodium
Phenol

&2-Phenoxyethanol&2S (NF21)

Phenylethyl Alcohol
Phenylmercuric Acetate
Phenylmercuric Nitrate
Potassium Benzoate
Potassium Sorbate
Propylparaben
Propylparaben Sodium
Sodium Benzoate
Sodium Dehydroacetate
Sodium Propionate
Sorbic Acid
Thimerosal
Thymol

Change to read:
Coating Agent
Carboxymethylcellulose Sodium
Cellacefate (formerly Cellulose Acetate Phthalate)
Cellulose Acetate

&Cellulose Acetate Butyrate&2S (NF21)

Cellulose Acetate Phthalate (see Cellacefate)

&Copovidone&2S (NF21)

&Corn Syrup Solids&2S (NF21)

Ethylcellulose
Ethylcellulose Aqueous Dispersion
Gelatin
Glaze, Pharmaceutical
Hydroxypropyl Cellulose

Hydroxypropyl Methylcellulose
Hydroxypropyl Methylcellulose Phthalate (see Hypromellose
Phthalate)

~

Hypromellose
~NF22

~

Hypromellose Acetate Succinate
~NF22

Hypromellose Phthalate (formerly Hydroxypropyl Methyl-
cellulose Phthalate)

Methacrylic Acid Copolymer
Methacrylic Acid Copolymer Dispersion
Methylcellulose
Polyethylene Glycol
Polyvinyl Acetate Phthalate
Shellac

&Starch, Pregelatinized Modified&2S (NF21)

Sucrose
Titanium Dioxide
Wax, Carnauba
Wax, Microcrystalline
Zein

Change to read:
Emollient
Alkyl (C12-15) Benzoate

&Hydrogenated Soybean Oil&1S (NF22)

Change to read:
Emulsifying and/or Solubilizing Agent
Acacia
Cholesterol
Diethanolamine (Adjunct)

&Diethylene Glycol Monostearates Stearates&1S (NF22)

&Ethylene Glycol Monostearates Stearates&1S (NF22)

~

Glyceryl Distearate
~NF22

~

Glyceryl Monolinoleate
~NF22

~

Glyceryl Monooleate
~NF22

Glyceryl Monostearate
Lanolin Alcohols
Lecithin
Mono- and Di-glycerides
Monoethanolamine (Adjunct)
Oleic Acid (Adjunct)
Oleyl Alcohol (Stabilizer)
Poloxamer
Polyoxyethylene 50 Stearate
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 10 Oleyl Ether
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Propylene Glycol Monostearate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate
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Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Stearic Acid
Trolamine
Wax, Emulsifying

Change to read:
Humectant

&Corn Syrup Solids&2S (NF21)

Glycerin
Hexylene Glycol
Propylene Glycol
Sorbitol

~

Sorbitol, Anhydrized Liquid
~NF22

Change to read:
Ointment Base

Caprylocaproyl Macrogolglycerides

&Caprylocaproyl Polyoxylglycerides&1S (NF22)

Diethylene Glycol Monoethyl Ether

&Lauroyl Macrogolglycerides&2S (NF21)

Lineoyl Macrogolglycerides

&Lineoyl Polyoxylglycerides&1S (NF22)

Lanolin
Ointment, Hydrophilic
Ointment, White

Oleoyl Macrogolglycerides

&Oleoyl Polyoxylglycerides&1S (NF22)

Ointment, Yellow
Polyethylene Glycol Ointment
Petrolatum
Petrolatum, Hydrophilic
Petrolatum, White
Rose Water Ointment
Squalane

&Stearoyl Macrogolglycerides&2S (NF21)

Vegetable Oil, Hydrogenated, Type II

Change to read:
Plasticizer
Acetyltributyl Citrate
Acetyltriethyl Citrate
Castor Oil
Diacetylated Monoglycerides
Dibutyl Sebacate
Diethyl Phthalate
Glycerin
Polyethylene Glycol
Propylene Glycol

~

Sorbitol, Anhydrized Liquid
~NF22

Triacetin

Tributyl Citrate
Triethyl Citrate

Change to read:
Polymer Membrane
Cellulose Acetate

&Cellulose Acetate Butyrate&2S (NF21)

Change to read:
Solvent
Acetone
Alcohol
Alcohol, Diluted
Amylene Hydrate
Benzyl Benzoate
Butyl Alcohol

Caprylocaproyl Macrogolglycerides

&Caprylocaproyl Polyoxylglycerides&1S (NF22)

Corn Oil
Cottonseed Oil
Diethylene Glycol Monoethyl Ether
Ethyl Acetate
Glycerin
Hexylene Glycol
Isopropyl Alcohol

&Lauroyl Macrogolglycerides&2S (NF21)

Lineoyl Macrogolglycerides

&Lineoyl Polyoxylglycerides&1S (NF22)

Methyl Alcohol
Methylene Chloride
Methyl Isobutyl Ketone
Mineral Oil

Oleoyl Macrogolglycerides

&Oleoyl Polyoxylglycerides&1S (NF22)

Peanut Oil
Polyethylene Glycol
;Propylene Glycol
Sesame Oil

&Stearoyl Macrogolglycerides&2S (NF21)

Water for Injection
Water for Injection, Sterile
Water for Irrigation, Sterile
Water, Purified

Change to read:
Suspending and/or Viscosity-Increasing Agent
Acacia
Agar
Alginic Acid
Aluminum Monostearate
Attapulgite, Activated
Attapulgite, Colloidal Activated
Bentonite
Bentonite, Purified
Bentonite Magma
Carbomer 910
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Carbomer 934
Carbomer 934P
Carbomer 940
Carbomer 941
Carbomer 1342
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium 12
Carrageenan
Cellulose, Microcrystalline, and Carboxymethylcellulose
Sodium

&Corn Syrup Solids&2S (NF21)

Dextrin
Gelatin

~

Gellan Gum
~NF22

Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Methylcellulose

~

Hypromellose
~NF22

Magnesium Aluminum Silicate
Methylcellulose
Pectin
Polyethylene Oxide
Polyvinyl Alcohol
Povidone
Propylene Glycol Alginate
Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate

&Tapioca Starch&2S (NF21)

Tragacanth
Xanthan Gum

Change to read:
Sweetening Agent
Aspartame

~

Aspartame Acesulfame
~NF22

&Corn Syrup Solids&2S (NF21)

Dextrates
Dextrose
Dextrose Excipient
Fructose

~

Maltose
~NF22

Mannitol
Saccharin
Saccharin Calcium
Saccharin Sodium
Sorbitol
Sorbitol Solution
Sucralose
Sucrose
Sugar, Compressible
Sugar, Confectioner’s
Syrup

Change to read:
Tablet Binder
Acacia
Alginic Acid
Carboxymethylcellulose, Sodium
Cellulose, Microcrystalline

&Copovidone&2S (NF21)

&Corn Syrup Solids&2S (NF21)

Dextrin
Ethylcellulose
Gelatin
Glucose, Liquid
Guar Gum

~

Hypromellose
~NF22

~

Hypromellose Acetate Succinate
~NF22

Hydroxypropyl Methylcellulose

~

Maltose
~NF22

Methylcellulose
Polyethylene Oxide
Povidone
Starch, Pregelatinized

&Starch, Pregelatinized Modified&2S (NF21)

Syrup

&Tapioca Starch&2S (NF21)

Change to read:
Tablet and/or Capsule Diluent
Calcium Carbonate
Calcium Phosphate, Dibasic
Calcium Phosphate, Tribasic
Calcium Sulfate
Cellulose, Microcrystalline
Cellulose, Powdered

&Corn Syrup Solids&2S (NF21)

Dextrates
Dextrin
Dextrose Excipient
Fructose
Kaolin
Lactitol
Lactose

~

Maltose
~NF22

Mannitol
Sorbitol
Starch
Starch, Pregelatinized

&Starch, Pregelatinized Modified&2S (NF21)

Sucrose
Sugar, Compressible
Sugar, Confectioners

&Tapioca Starch&2S (NF21)
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Change to read:
Tablet Disintegrant
Alginic Acid
Cellulose, Microcrystalline
Croscarmellose Sodium
Crospovidone

~

Maltose
~NF22

Polacrilin Potassium
Sodium Starch Glycolate
Starch
Starch, Pregelatinized

&Starch, Pregelatinized Modified&2S (NF21)

&Tapioca Starch&2S (NF21)

Change to read:
Tonicity Agent

&Corn Syrup Solids&2S (NF21)

Dextrose
Glycerin
Mannitol
Potassium Chloride
Sodium Chloride

Change to read:
Vehicle
FLAVORED AND/OR SWEETENED

Aromatic Elixir
Benzaldehyde Elixir, Compound

&Corn Syrup Solids&2S (NF21)

Peppermint Water
Sorbitol Solution
Syrup

OLEAGINOUS

Alkyl (C12-15) Benzoate
Almond Oil
Corn Oil
Cottonseed Oil
Ethyl Oleate
Isopropyl Myristate
Isopropyl Palmitate
Mineral Oil
Mineral Oil, Light
Octyldodecanol
Olive Oil
Peanut Oil
Safflower Oil
Sesame Oil
Soybean Oil
Squalane

SOLID CARRIER

Sugar Spheres
STERILE

Sodium Chloride Injection, Bacteriostatic
Water for Injection, Bacteriostatic

MONOGRAPHS (NF)

BRIEFING

L-Asparagine. Because there is no existing NF monograph for
this excipient, a new monograph, based on the L-Asparagine
monograph in Food Chemical Codex, Fourth Edition, p.35, is
being proposed. The test for Chromatographic purity is adapted
from the current USP monograph for Glutamine. In addition, a test
for Microbial limits is added as per the ICH Q6A guideline.

(EMC: E. Gonikberg; VVI: L. Bhattacharyya) RTS—39566-1

Add the following:

&L-Asparagine

C4H8N2O3 �H2O 150.13

L-a-Aminosuccinamic acid, monohydrate [5794-13-8].

Anhydrous 132.12 [70-47-3].

» L-Asparagine contains not less than 98.0 percent

and not more than 101.5 percent of C4H8N2O3,

calculated on the dried basis.

Packaging and storage—Preserve in well-closed, light-re-

sistant containers. Store at room temperature, and avoid ex-

cessive heat and freezing. Protect from moisture.

Labeling—Label it to indicate whether it is anhydrous or

the monohydrate.

USP Reference standards h11i—USP L-Asparagine RS.

Identification, Infrared Absorption h197Ki.
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Specific rotation h781Si: between +33.08 and +36.58, mea-

sured at 208.

Test solution: 10 mg per mL in 6 N hydrochloric acid.

Microbial limits h61i—The total aerobic microbial count

does not exceed 103 per g, and the total combined molds

and yeasts count does not exceed 102 cfu per g.

Loss on drying h731i—Dry it at 1308 for 3 hours: the an-

hydrous form loses not more than 1.0% of its weight, and

the monohydrate loses between 11.5% and 12.5% of its

weight.

Residue on ignition h281i: not more than 0.1%, determined

on 1.0 g.

Lead h251i—Prepare a Test Preparation using a 1-g portion

of L-Asparagine, and use 5 mL of Diluted Standard Lead

Solution (5 mg of Pb) for the test: the limit is 5 mg per g.

Chromatographic purity—

Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture.

Test solution: 10 mg per mL.

Standard solution—Prepare a solution of USP L-Aspara-

gine RS in water having a known concentration of about

0.05 mg per mL.

Application volume: 5 mL.

Developing solvent system: a mixture of butyl alcohol,

water, and glacial acetic acid (3:1:1).

Spray reagent—Dissolve 0.2 g of ninhydrin in 100 mL of

a mixture of butyl alcohol and glacial acetic acid (95:5).

Procedure—Proceed as directed for Thin-Layer

Chromatography under Chromatography h621i, and then

dry the plate at 808 for 30 minutes. Spray the plate with

the Spray reagent, heat at 808 for 10 minutes, and examine

under white light: no secondary spot in the chromatogram

obtained from the Test solution is larger or more intense than

the principal spot in the chromatogram obtained from the

Standard solution (0.5%); and not more than 1.0% of total

impurities is found.

Assay—Dissolve about 130 mg of L-Asparagine, accurately

weighed, in 3 mL of formic acid and 50 mL of glacial acetic

acid, and titrate with 0.1 N perchloric acid VS (see Titrime-

try h541i), determining the endpoint potentiometrically.

Perform a blank determination, and make any necessary cor-

rections. Each mL of 0.1 N perchloric acid is equivalent to

13.21 mg of C4H8N2O3, calculated on the dried ba-

sis.&1S (NF22)

BRIEFING

Caprylocaproyl Macrogolglycerides, page 1208 of PF 28(4)
[July–Aug. 2002]; Linoleoyl Macrogolglycerides, page 1213 of
PF 28(4) [July–Aug. 2002]; Oleoyl Macrogolglycerides, page
1220 of PF 28(4) [July–Aug. 2002]. These proposed new mono-
graphs are being presented again with changes approved by the Ex-
pert Committee on Nomenclature and Labeling. The changes
reflect terminology used in the United States, particularly in several
excipient standards appearing in the National Formulary. The term
‘‘polyethylene glycol’’ and the ‘‘polyoxyl’’ designations for esters
and ethers formed with polyethylene glycol and organic acids and
alcohols or polyols replace the ‘‘macrogol’’ terminology that is
seen elsewhere. Also for this new monograph, it is proposed to
change Infrared absorption under Identification test A from
h197Ki to h197Fi.

(EMC: C. Sheehan; NL: C. Barnstein) RTS—39633-2

Add the following:

&Caprylocaproyl Macrogolglycerides
Polyoxylglycerides

» Caprylocaproyl Macrogolglycerides Polyoxyl-

glycerides are mixtures of monoesters, diesters,

and triesters of glycerol and monoesters and die-

sters of macrogols polyethylene glycols with a

mean relative molecular weight between 200
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and 400. They are produced by partial alcoholysis

of medium-chain triglycerides with macrogol,

polyethylene glycol, by esterification of glycerol

and macrogol polyethylene glycol with caprylic

acid and capric acid, or as a mixture of glycerol

esters and ethylene oxide condensate with

caprylic acid and capric acid. The average molec-

ular weight is not less than 90.0 percent and not

more than 110.0 percent of the labeled nominal

value.

Packaging and storage—Preserve in tight containers, pro-

tected from light and moisture. Store at controlled room

temperature.

Labeling—Label it to indicate the average nominal molec-

ular weight of esters as part of the official title. The label

also indicates the nominal hydroxyl value and saponifica-

tion value.

USP Reference standards h11i—USP Caprylocaproyl

Macrogolglycerides Polyoxylglycerides RS.

Identification—

A: Infrared Absorption h197Ki Infrared Absorption

h197Fi.

B: Thin-Layer Chromatographic Identification Test

h201i—

Test solution: 0.05 g per mL, prepared by dissolving 1.0 g

of Caprylocaproyl Macrogolglycerides Polyoxylglycerides

in methylene chloride, and diluting with methylene chloride

to 20 mL.

Developing solvent system: a mixture of ether and solvent

hexane (7:3).

Procedure—Proceed as directed in the chapter. Then

spray the plate with reagent solution, prepared by dissolving

0.01 g of rhodamine B in 100 mL of alcohol, and examine

the plate under UV light at 365 nm: the chromatogram of the

Test solution exhibits a spot corresponding to triglycerides

at an RF value of about 0.9 and spots at RF values of about

0.7, 0.6, 0.1, and 0 corresponding to 1,3-diglycerides, 1,2

diglycerides, monoglycerides, and esters of macrogols,

polyethylene glycols, respectively.

Acid value h401i: not more than 2.0, determined on a 2.0-g

specimen.

Hydroxyl value h401i—The hydroxyl value, between 170

and 205, does not differ by more than 20 units from the

nominal value, when determined on a 1.0-g specimen, ac-

curately weighed.

Iodine value h401i: not more than 2.0.

Peroxide value h401i: not more than 6.0, determined on a

2.0-g specimen.

Saponification value h401i—The saponification value, be-

tween 85 and 105, does not differ by more than 10 units

from the nominal value, determined on a 2.0-g specimen.

Fatty acid composition h401i: between 50% and 80% of

caprylic acid is found; not more than 2.0% of caproic acid is

found; between 20% and 50% of capric acid is found; not

more than 3.0% of lauric acid is found; and not more than

1.0% of myristic acid is found.

Water,Method I h921i: not more than 1.0%, determined on

a 1.0-g specimen.

Total ash h561i: not more than 0.1%, determined on a 1.0-g

specimen.

Heavy metals, Method II h231i: 0.001%.

Limit of free ethylene oxide and dioxane—

Caution—Ethylene oxide is toxic and flammable. Prepare

all solutions in a well-ventilated hood. The operator must

protect hands and face by wearing polyethylene protective

gloves and an appropriate face mask. Store all solutions in

hermetic containers, and refrigerate at a temperature be-

tween 48 and 88.
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NOTE—Perform all determinations three times.

Ethylene oxide stock solution—Into a dry, clean test tube,

cooled in a mixture of 1 part of sodium chloride and 3 parts

of crushed ice, introduce a slow current of ethylene oxide

gas, allowing condensation onto the inner wall of the test

tube. Using a glass syringe, previously cooled to –108,

transfer about 300 mL of liquid ethylene oxide, equivalent

to about 0.25 g, to 50 mL of polyethylene glycol 200. De-

termine the absorbed quantity of ethylene oxide by weigh-

ing before and after absorption. Dilute with polyethylene

glycol 200 to 100.0 mL, and mix. This is the Ethylene oxide

stock solution.

Transfer 10.0 mL of magnesium chloride solution, pre-

pared by adding 5 g of magnesium chloride to 10 mL of al-

cohol, to a volumetric flask. Add 20.0 mL of 0.1 M

alcoholic hydrochloric acid VS. Insert the stopper, shake

to obtain a saturated solution, and allow to equilibrate over-

night. Transfer 5.00 mL of Ethylene oxide stock solution,

accurately measured, to the flask, and allow to stand for

30 minutes. Titrate with 0.1 M alcoholic potassium hydrox-

ide VS, determining the endpoint potentiometrically. Per-

form a blank titration, using the same quantity of

polyethylene glycol 200 instead of Ethylene oxide stock

solution, and note the difference in volumes required. Each

mL of the difference in volumes of 0.1 M alcoholic potas-

sium hydroxide VS consumed is equivalent to 4.404 mg of

ethylene oxide. Calculate the concentration of ethylene

oxide, in mg per g, in the Ethylene oxide stock solution.

Ethylene oxide solution—Quantitatively dilute a volume

of Ethylene oxide stock solution, accurately measured, with

polyethylene glycol 200 to obtain a solution containing

about 50 mg of ethylene oxide per g. Dilute 1.0 mL of this

solution with water to 5.0 mL to obtain a solution having a

known concentration of about 10 mg of ethylene oxide per

mL. [NOTE—Prepare immediately before use.]

Dioxane stock solution—Dissolve about 1.00 g of diox-

ane, accurately weighed, in water, and dilute quantitatively,

and stepwise if necessary, with water to obtain a solution

having a known concentration of about 1.0 mg per mL.

Dioxane solution—Quantitatively dilute a volume of the

Dioxane stock solution, accurately measured, with water to

obtain a solution having a known concentration of about 0.5

mg of dioxane per mL.

Standard solution 1—Transfer about 1.0 g of the sub-

stance under test, accurately weighed, to a 10-mL vial,

and add 1.0 mL of N,N-dimethylacetamide, 0.1 mL of Eth-

ylene oxide solution, and 0.1 mL of Dioxane solution. Close

the vial, and mix to obtain a homogenous solution. Allow to

stand at 908 for 45 minutes.

Standard solution 2—Transfer 0.1 mL of Ethylene oxide

solution to a 10-mL vial, add 0.1 mL of a freshly prepared

solution of acetaldehyde, containing about 10 mg of acetal-

dehyde per liter, and add 0.1 mL of Dioxane solution. Close

the vial, and mix to obtain a homogenous solution.

Test solution—Transfer about 1.0 g of the substance under

test, accurately weighed, to a 10-mL vial, and add 1.0 mL of

N,N-dimethylacetamide and 0.2 mL of water. Close the vial,

and mix to obtain a homogenous solution. Allow to stand at

908 for 45 minutes.

Chromatographic system (see Chromatography h621i)—

[NOTE—Headspace apparatus that automatically transfers a

measured amount of headspace may be used.] The gas chro-

matograph is equipped with a flame-ionization detector and

contains a 0.32-mm 6 30-m glass or quartz capillary col-

umn bonded with a 1.0-mm layer of phase G1. The carrier

gas is helium, flowing at a rate of about 1 mL per minute.

The detector and injection port temperatures are maintained

at 2508 and 1508, respectively. The column temperature is

programmed as follows. Initially it is maintained at 508

for 5 minutes after injection, then increased to 1808 at a rate
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of 58 per minute, further increased to 2308 at a rate of 308

per minute, and maintained at this temperature for 5 min-

utes. Chromatograph the gaseous phase of Standard solu-

tion 2, and record the peak responses as directed for

Procedure, adjusting the sensitivity of the system so that

the peak heights of the two principal peaks in the chromato-

gram are not less than 15% of the full scale of the recorder:

the relative retention times are about 0.94 for acetaldehyde

and 1.0 for ethylene oxide; the resolution, R, between acet-

aldehyde and ethylene oxide is not less than 2.0; and the re-

lative standard deviation for replicate injections is not more

than 15.0%.

Procedure—Using a heated, gas-tight gas chromato-

graphic syringe, separately inject equal volumes (about 1

mL) of the gaseous headspace of Standard solution 1 and

the Test solution into the chromatograph, record the chroma-

tograms, and measure the peak responses: the mean areas of

the ethylene oxide and dioxane peaks in the chromatogram

obtained from the Test solution are not greater than half the

mean areas of the corresponding peaks in the chromatogram

obtained from Standard solution 1, equivalent to about 1 mg

of ethylene oxide per g and 50 mg of dioxane per g. Calcu-

late the concentration of ethylene oxide, in mg per g, in the

test specimen taken by the formula:

CrU /(rSMU – rUMS),

in which C is the concentration, in mg per mL, of ethylene

oxide in Standard solution 1; rU and rS are the peak re-

sponses of ethylene oxide obtained from the Test solution

and Standard solution 1, respectively; and MU and MS are

the quantities, in g, of the substance under test taken to pre-

pare the Test solution and Standard solution 1, respectively:

not more than 1 mg per g is found. Calculate the concentra-

tion of dioxane, in mg per g, in the test specimen taken by the

formula:

CD dU / 5(dSMU – dUMS),

in which CD is the concentration, in mg, of dioxane in Stan-

dard solution 1; dU and dS are the peak responses of dioxane

obtained from the Test solution and Standard solution 1, re-

spectively; and MU and MS are as defined above: not more

than 10 mg per g is found.

Limit of free glycerol—Dissolve 1.20 g of the substance

under test in 25 mL of methylene chloride, heating if neces-

sary. Cool, and add 100 mL of water and 25.0 mL of per-

iodic acid solution, prepared by dissolving 150 mg of per-

iodic acid in 25 mL of water. Shake, and allow to stand for

30 minutes. Add 40 mL of potassium iodide solution, pre-

pared by dissolving 3 g of potassium iodide in 40 mL of

water, and allow to stand for 1 minute. Add 1 mL of starch

TS, and titrate the liberated iodine with 0.1 M sodium thio-

sulfate. Perform a blank determination, and make any neces-

sary correction (see Titrimetry h541i). Each mL of 0.1 M

sodium thiosulfate is equivalent to 2.3 mg of glycerol: not

more than 5.0% is found.&1S (NF22)

BRIEFING

Carbomer Copolymer, NF 21 page 2707. It is proposed to re-
vise the Infrared Absorption spectrum data under Identification test
A based on additional data received from the innovator.

(EMC: C. Sheehan) RTS—37287-2

Change to read:
Identification—
A: Infrared Absorption h197Ki—The IR spectrum exhibits

main bands at wavenumbers (cm–1) 2960, 1720, 1455, 1415,
1250, 1175, and 800, with the strongest band at 1720.
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&at or near (+5) wave numbers (cm–1) 1710, 1454, 1414,

1245, 1172, 1115, and 801, with the strongest band at

1710.&1S (NF22)

B: Add about 5 g of Carbomer Copolymer to 500 mL of water,
and stir: a dispersion is formed, with a foam layer that persists after
allowing to stand at room temperature for 1 hour.

BRIEFING

Carbomer Interpolymer, NF 21 page 2708. On the basis of the
additional data received from the innovator, it is proposed to revise
the Infrared Absorption spectrum data in Identification test A and
the preparation for Carbomer Interpolymer C in the test for Vis-
cosity.

(EMC: C. Sheehan) RTS—37287-1

Change to read:
Identification—
A: Infrared Absorption h197Ki—The IR absorption spectrum

exhibits bands at wavenumbers (cm–1) 2960, 1720, 1455, 1415,
1250, 1175, and 800, with the strongest band at 1720.

&at or near (+5) wave numbers (cm–1) 1710, 1454, 1414,

1245, 1172, 1115, and 801, with the strongest band at

1710.&1S (NF22)

B: Without mixing, add 2.5 g of Carbomer Interpolymer to
500 mL of water in an 800-mL beaker, and allow to stand. The
powders wet out in not more than 60 minutes.
C: Add about 5 g of Carbomer Interpolymer to 500 mL of

water, stir, and adjust with 1 N sodium hydroxide to a pH of about
7.5. It forms a viscous gel.

Change to read:
Viscosity h911i—
Carbomer Interpolymer A—Proceed as directed for Viscosity un-

der Carbomer Copolymer, except to perform the test on a 0.5%
aqueous dispersion prepared by using 2.50 g instead of 5.00 g of
copolymer.
Carbomer Interpolymer B and Carbomer Interpolymer C

&
&1S (NF22)

—Proceed as directed for Viscosity under Carbomer Copolymer,
except to adjust the pH of the dispersion to within the range of
5.8 to 6.3 instead of 7.3 to 7.8.

&Carbomer Interpolymer C—Proceed as directed for Vis-

cosity under Carbomer Copolymer, except to perform the

test on a 0.5% aqueous dispersion prepared by using 2.50

g instead of 5.00 g of copolymer and adjust the pH of the

dispersion to within the range of 5.8 and 6.3 instead of

7.3 to 7.8.&1S (NF22)

The viscosity values, determined by the conditions specified here-
in, are within the limits specified in the accompanying table.

Carbomer Interpolymer Viscosity Specifications, in cP

A 45,000–65,000
B 47,000–77,000
C 8,500–16,500

BRIEFING

Chondroitin Sulfate Tablets, page 3019 of the First Supple-
ment and page 459 of PF 29(2) [Mar.–Apr. 2003]; Glucosamine
and Chondroitin Sulfate Tablets, NF 21 page 2765 and page 463
of PF 29(2) [Mar.–Apr. 2003]. It has been reported to USP that
dietary supplement manufacturers usually claim the content of
Chondroitin Sulfate Sodium on the hydrous basis, thus creating a
conflict with the procedures in the monograph which require claim-
ing the content on the dried basis. Therefore, it is proposed to re-
vise the Labeling section to assure that the content of Chondroitin
Sulfate Sodium on the dried basis is also stated on the label where
the claim is on the hydrous basis. In the absence of adverse com-
ments, it is proposed to implement this change via the Fifth Interim
Revision Announcement pertaining to USP 26–NF 21, to become
official October 1, 2003.

(DSB: G. Giancaspro) RTS—39813-2

Chondroitin Sulfate

~Sodium~NF22

Tablets

Change to read:

» Chondroitin Sulfate

~Sodium
~NF22
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Tablets are prepared from Chondroitin Sulfate Sodium
and contain not less than 90.0 percent and not more
than 120.0 percent of the labeled amount of Chondroi-
tin Sulfate Sodium.
NOTE—Chondroitin Sulfate Sodium is extremely

hygroscopic once dried. Avoid exposure to the atmos-
phere, and weigh promptly.

Change to read:
Labeling—Label it to indicate the species of the source from
which the chondroitin used to prepare the Tablets was derived.

.The label states the content of chondroitin sulfate sodium

on the dried basis; the corresponding content of chondroitin

sulfate sodium on the hydrous basis may also be stated..5

Change to read:
Content of chondroitin sulfate sodium—
Cetylpyridinium chloride solution—Prepare a solution of cetyl-

pyridinium chloride in water having a concentration of about 1 mg
per mL
Standard solutions—Prepare as directed in the test for Content of

total glycosaminoglycans

~

chondroitin sulfate sodium
~NF22

under Chondroitin Sulfate Sodium.
Test solution—Weigh and finely powder not fewer than 20 Tab-

lets. Transfer an accurately weighed portion of the powder, equiva-
lent to about 100 mg of chondroitin sulfate sodium, to a 100-mL
volumetric flask, add 30 mL of water and 5 mL of pH 7.2 phos-
phate buffer solution (see Buffer Solutions under Solutions in the
section Reagents, Indicators, and Solutions), and shake to suspend
the powder in solution. Sonicate in a 658water bath for 20 minutes.
Remove from the bath, stir with a magnetic stirrer for 5 minutes,
dilute with water to volume, and centrifuge.
Procedure—Separately transfer 5.0 mL of each Standard solu-

tion and the Test solution to separate titration vessels, and add
about 30 mL of water to each. Stir until a steady reading is obtained
using a phototrode to determine the endpoint turbidimetrically,
either at 420, 550, or 660 nm. Set the instrument to zero if absor-
bance is being monitored or to not less than 70% if transmittance is
used. From a linear regression equation calculated using the vol-
umes of Cetylpyridinium chloride solution consumed, and the
mass, in mg, of USP Chondroitin Sulfate Sodium RS, determine
the mass of chondroitin sulfate sodium in the aliquot of the Test
solution taken. Calculate the amount, in mg, of chondroitin sulfate
sodium in the portion of Tablets taken by the formula:

20 M,

in which M is the mass of Chondroitin Sulfate Sodium in the ali-
quot of the Test solution.

BRIEFING

Dibutyl Phthalate, page 1619 of PF 28(5) [Sept.–Oct. 2002].
This new monograph, which previously appeared in Pharmaco-
peial Previews, is now being forwarded to In-Process Revision.
It is proposed to add storage conditions to the Packaging and stor-
age section.

(EMC: E. Gonikberg; PSD: C. Okeke) RTS—39704-1

Add the following:

&Dibutyl Phthalate

C16H22O4 278.34

1,2-Benzenedicarboxylic acid, dibutyl ester [84-74-2].

» Dibutyl Phthalate contains not less than 99.0

percent and not more than 101.0 percent of

C16H22O4.

Packaging and storage—Preserve in tight containers.

Store at room temperature, and avoid excessive heat and

freezing. Protect from moisture.

USP Reference standards h11i—USP Dibutyl Phthalate

RS.

Appearance—The substance is clear and not more inten-

sely colored than a solution prepared immediately before

use by mixing 2.4 mL of ferric chloride CS and 0.6 mL of

cobaltous chloride CS with dilute hydrochloric acid (10 g

per liter) to make 10 mL, and diluting 5 mL of this solution
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with dilute hydrochloric acid (10 g per liter) to make 100

mL. Make the comparison by viewing the substance and

the solution downward in matched color-comparison tubes

against a white surface (see Color and Achromicity h631i).

Identification—

A: Infrared Absorption h197Fi, on undried specimen.

B: It meets the requirements of the test for Refractive

index.

Specific gravity h841i: between 1.043 and 1.048, at 208.

Refractive index h831i: between 1.490 and 1.495, at 208.

Acidity—Mix 20.0 g of Dibutyl Phthalate with 50 mL of

alcohol that previously has been neutralized to a phe-

nolphthalein endpoint, add 0.2 mL of phenolphthalein TS,

and titrate with 0.1 N sodium hydroxide VS: not more than

0.50 mL is required to change the color of the indicator.

Water, Method I h921i: not more than 0.2%.

Residue on ignition h281i: not more than 0.1%, determined

on 1.0 g.

Related compounds—

Internal standard solution—Transfer 30 mg of dibenzyl

to a 10-mL volumetric flask, and dissolve in and dilute with

methylene chloride to volume.

Test stock solution—Transfer about 5.0 g of Dibutyl

Phthalate to a 50-mL volumetric flask, and dissolve in and

dilute with methylene chloride to volume.

Test solution 1—Transfer 5.0 mL of Test stock solution to

a 10-mL volumetric flask, and dilute with methylene chlo-

ride to volume.

Test solution 2—Transfer 5.0 mL of Test stock solution to

a 10-mL volumetric flask, add 1.0 mL of Internal standard

solution, and dilute with methylene chloride to volume.

Standard solution—Transfer 1.0 mL of Test solution 1 to a

100-mL volumetric flask, add 10.0 mL of the Internal stan-

dard solution, and dilute with methylene chloride to vol-

ume.

Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector and contains a 4-mm6 1.5-m column packed with

3% liquid phase G3 on support S1A . The carrier gas is ni-

trogen, flowing at a rate of about 30 mL per minute. The

column temperature is maintained at 1908, and the injection

port temperature and the detector are maintained at 2258.

Chromatograph the Standard solution, and record the peak

responses as directed for Procedure: the elution order is the

internal standard peak followed by the dibutyl phthalate

peak; and the resolution, R, between these peaks is not less

than 12. Chromatograph Test solution 1, and verify that

there is no peak with the same retention time as the internal

standard. If a peak observed in the chromatogram for Test

solution 1 has the same retention time as that for the internal

standard, make any necessary correction for factors of dilu-

tion, and then determine the area due to the interfering com-

ponent that must be subtracted from the area of the internal

standard peak appearing in the chromatogram recorded for

Test solution 2, as directed for Procedure.

Procedure—Inject 1-mL portions of Test solution 2 and

the Standard solution successively into the gas chromato-

graph, record the chromatograms for three times the reten-

tion time of dibutyl phthalate, and measure the responses of

the peaks. From the chromatogram of the Standard solution,

calculate the peak area ratio of dibutyl phthalate to the inter-

nal standard, A. From the chromatogram of Test solution 2,

calculate the peak area ratio of the sum of all peaks, exclud-

ing the main peak, the solvent peak, and the internal stan-

dard peak, to the internal standard peak: this ratio is not

greater than A (1.0%).

Assay—Transfer about 0.75 g of Dibutyl Phthalate, ac-

curately weighed, to a flask, add 25.0 mL of 0.5 N alcoholic

potassium hydroxide VS, attach a reflux condenser to the

flask, and boil in a water bath for 1 hour. Add 1 mL of phe-
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nolphthalein TS, and titrate immediately with 0.5 N hydro-

chloric acid VS. Perform a blank determination (see Resi-

dual Titrations under Titrimetry h541i). Each mL of 0.5 N

potassium hydroxide is equivalent to 69.59 mg of

C16H22O4.&1S (NF22)

BRIEFING

Diethylene Glycol Monostearate, page 1621 of PF 28(5)
[Sept.–Oct. 2002]. This new monograph, which previously ap-
peared in Pharmacopeial Previews, is now forwarded to In-Pro-
cess Revision . It is proposed to change the title of this
monograph to Diethylene Glycol Stearates, as approved by the Ex-
pert Committee on Nomenclature and Labeling. It is also proposed
to add a Labeling statement to indicate that this excipient is in-
tended for topical and vaginal use only. See also the briefing under
Ethylene Glycol Monostearate.

(EMC: E. Gonikberg; NL: C. Barnstein) RTS—39490-1

Add the following:

&Diethylene Glycol Monostearate

Stearates

» Diethylene Glycol Monostearate Stearates is a

mixture of diethylene glycol monoesters and di-

esters of stearic and palmitic acids. It contains

not less than 45.0 percent of monoesters produced

from the condensation of ethylene glycol and stea-

ric acid of vegetable or animal origin.

Packaging and storage—Store Preserve in tight con-

tainers. Store at room temperature and protect from light,

freezing, and excessive heat.

Labeling—Label it to indicate that it is intended for topical

and vaginal use only.

Identification—

A: It meets the requirements of the test for Melting

range.

B: It meets the requirements of the test for Fatty acid

composition.

Melting range, Class II h741i: between 438 and 508.

Acid value h401i: not more than 4.0, determined on 10.0 g.

Iodine value h401i: not more than 3.0.

Saponification value h401i: between 150 and 170, deter-

mined on 2.0 g.

Fatty acid composition h401i—The fatty acid fraction of it

contains not less than 40.0% and not more than 60.0% of

stearic acid; and the sum of the contents of palmitic and

stearic acids, determined as directed in the chapter, is not

less than 90.0%.

Total ash h561i: not more than 0.1%, determined on 1.0 g.

Limit of free diethylene glycol—

Mobile phase and Chromatographic system—Proceed as

directed in the Assay.

Standard solutions—Prepare four solutions by dissolving

accurately weighed quantities of diethylene glycol in tetra-

hydrofuran, and diluting each with tetrahydrofuran, as

necessary, to obtain solutions having known concentrations

of about 0.5, 1.0, 2.0, and 4.0 mg per mL.

Test solution—Use the Assay preparation, prepared as di-

rected in the Assay.

Procedure—Separately inject equal volumes (about 40

mL) of the Standard solutions and the Test solution into

the chromatograph, record the chromatograms, and measure

the responses for the diethylene glycol peaks. Plot the

diethylene glycol peak responses obtained versus the con-

centration, in mg per mL, of diethylene glycol in the Stan-

dard solutions. From the standard curve so obtained,

determine the diethylene glycol concentration, C, in mg
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per mL, in the Test solution. Calculate the percentage of free

diethylene glycol in the portion of Diethylene Glycol Mono-

stearate Stearates taken by the formula:

500(C/W),

in which C is as obtained above; andW is the amount, in mg,

of Diethylene Glycol Monostearate Stearates taken to pre-

pare the Test solution: not more than 8.0% of free diethylene

glycol is found.

Assay—

Mobile phase: tetrahydrofuran.

Assay preparation—Transfer about 200 mg of Diethylene

Glycol Monostearate, Stearates, accurately weighed, to a 5-

mL volumetric flask, dissolve in and dilute with tetrahydro-

furan to volume, and mix.

Chromatographic system (see Chromatography h621i)—

Prepare as directed in the Assay under Ethylene Glycol

Monostearate. Stearates. Chromatograph the Assay prepa-

ration, and record the peak responses as directed for Proce-

dure: the relative retention times are about 1.0 for diethylene

glycol, 0.84 for monoesters, and 0.78 for diesters; and the

relative standard deviation for replicate injections deter-

mined from the monoesters peak is not more than 2.0%.

Procedure—Inject a volume (about 40 mL) of the Assay

preparation into the chromatograph, record the chromato-

grams, and measure the responses for the major peaks. Cal-

culate the percentage content of free fatty acids, E, by the

formula:

IA 6 270/561.1,

in which IA is the acid value, determined in the test for Acid

value. Calculate the percentage of monoesters in the portion

of Diethylene Glycol Monostearate Stearates taken by the

formula:

[(rM /(rM + rD )](100 – D – E),

in which rM is the peak response for the monoesters; rD is the

peak response for the diesters; D is the percentage of free

diethylene glycol in the portion of Diethylene Glycol Mono-

stearate Stearates taken, as determined in the test for Limit of

free diethylene glycol; and E is as defined above.&1S (NF22)

BRIEFING

Ethylene Glycol Monostearate, page 1622 of PF 28(5) [Sept.–
Oct. 2002]. This new monograph, which previously appeared in
Pharmacopeial Previews, is now forwarded to In-Process Revi-
sion. It is proposed to change the title of this monograph to Ethyl-
ene Glycol Stearates, as approved by the Expert Committee on
Nomenclature and Labeling. It is also proposed to add a Labeling
statement to indicate that this excipient is intended for topical use
only. In addition, it should be noted that although the use of the
revised name would be permitted when this monograph becomes
official, use of the new name would not become mandatory until 60
months after the official date. The sixty-month postponement of
the official date for the name change is intended to allow for pro-
duct label changes to be made and for health care practitioners and
consumers to become familiar with the revised terminology.

(EMC: E. Gonikberg; NL: C. Barnstein) RTS—39490-2

Add the following:

&Ethylene Glycol Monostearate

Stearates

» Ethylene Glycol Monostearate Stearates is a

mixture of ethylene glycol monoesters and di-

esters of stearic and palmitic acids. It contains

not less than 50.0 percent of monoesters produced

from the condensation of ethylene glycol and stea-

ric acid of vegetable or animal origin.

Packaging and storage—Store Preserve in tight con-

tainers. Store at room temperature and protect from light,

freezing, and excessive heat.
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Labeling—Label it to indicate that it is intended for topical

use only.

Identification—

A: It meets the requirements of the test for Melting

range.

B: It meets the requirements of the test for Fatty acid

composition.

Melting range, Class II h741i: between 548 and 608.

Acid value h401i: not more than 3.0, determined on 10.0 g.

Iodine value h401i: not more than 3.0.

Saponification value h401i: between 170 and 195, deter-

mined on 2.0 g.

Fatty acid composition h401i—The fatty acid fraction of it

contains not less than 40.0% and not more than 60.0% of

stearic acid; and the sum of the contents of palmitic and

stearic acids is not less than 90.0%, as determined in the sec-

tion Fatty Acid Composition.

Total ash h561i: not more than 0.1%, determined on 1.0 g.

Limit of free ethylene glycol—

Mobile phase and Chromatographic system—Proceed as

directed in the Assay.

Standard solutions—Prepare four solutions by dissolving

accurately weighed quantities of ethylene glycol in tetrahy-

drofuran and diluting each with tetrahydrofuran, as neces-

sary, to obtain solutions having known concentrations of

about 0.5, 1.0, 2.0, and 4.0 mg per mL.

Test solution—Use the Assay preparation, prepared as di-

rected in the Assay.

Procedure—Separately inject equal volumes (about 40

mL) of the Standard solutions and the Test solution into

the chromatograph, record the chromatograms, and measure

the responses for the ethylene glycol peaks. Plot the ethyl-

ene glycol peak responses obtained versus the concentra-

tion, in mg per mL, of ethylene glycol in the Standard

solutions. From the standard curve so obtained, determine

the ethylene glycol concentration, C, in mg per mL, in the

Test solution. Calculate the percentage of free ethylene gly-

col in the portion of Ethylene Glycol Monostearate Stearates

taken by the formula:

500(C/W),

in which C is as obtained above; andW is the amount, in mg,

of Ethylene Glycol Monostearate Stearates taken to prepare

the Test solution: not more than 5.0% of free ethylene glycol

is found.

Assay—

Mobile phase: tetrahydrofuran.

Assay preparation—Transfer about 200 mg of Ethylene

Glycol Monostearate, Stearates, accurately weighed, to a

5-mL volumetric flask, dissolve in and dilute with tetrahy-

drofuran to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a refractive in-

dex detector and a 7.5-mm 6 60-cm column containing 5-

mm 100Å packing L21. The column and the detector are

maintained at 408. [NOTE—Two or three 7.5-mm 6 30-

cm L21 columns may be used in place of the one 60-cm col-

umn provided that system suitability requirements are met;

and the column temperature may be lowered to ambient

temperature, although working at 408 provides stable se-

paration conditions and ensures better sample solubility.]

The flow rate is about 1 mL per minute. Chromatograph

the Assay preparation, and record the peak responses as di-

rected for Procedure: the relative retention times are about

1.0 for ethylene glycol, 0.83 for monoesters, and 0.76 for

diesters; and the relative standard deviation for replicate in-

jections determined from the monoesters peak is not more

than 2.0%.
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Procedure—Inject about 40 mL of the Assay preparation

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

percentage of free fatty acids, E, in the portion of Ethylene

Glycol Monostearate Stearates taken by the formula:

IA 6 270/561.1,

in which IA is the acid value, determined in the test for Acid

value. Calculate the percentage of monoesters in the portion

of Ethylene Glycol Monostearate Stearates taken by the for-

mula:

[rM /(rM + rD)](100 – D – E),

in which rM is the peak response due to monoesters; rD is the

peak response due to diesters; D is the percentage of free

ethylene glycol in the portion of Ethylene Glycol Monostea-

rate Stearates taken, as determined in the test for Limit of

free ethylene glycol; and E is as defined above.&1S (NF22)

BRIEFING

Glucosamine and Chondroitin Sulfate Tablets, NF 21 page
2765 and page 463 of PF 29(2) [Mar.–Apr. 2003]. To be consistent
with USP rules of nomenclature, it is proposed to change the title of
this monograph to Glucosamine and Chondroitin Sulfate Sodium
Tablets. For proposed revisions to the Labeling section, see also the
briefing under Chondroitin Sulfate Tablets.
The previously proposed revisions to this monograph are being

presented again to (1) correct the inadvertent omission of the test
for Disintegration and dissolution, and (2) delete the ‘‘sodium’’
that inadvertently appeared at the very end of Identification test B.

(DSB: G. Giancaspro) RTS—39813-3

Glucosamine and Chondroitin Sulfate

~Sodium~NF22

Tablets

Change to read:

» Glucosamine and Chondroitin Sulfate

~Sodium
~NF22

Tablets are prepared from Chondroitin Sulfate Sodium,

~either
~NF22

Glucosamine Hydrochloride, Glucosamine Sulfate So-
dium Chloride, Glucosamine Sulfate Potassium Chlo-
ride, or a mixture of any of them,

~with Chondroitin Sulfate Sodium.
~NF22

Tablets contain not less than 90.0 percent and not more
than 120.0 percent of the labeled amounts of chondroi-
tin sulfate sodium and glucosamine (C6H13NO5).

~NOTE—Chondroitin Sulfate Sodium is extre-

mely hygroscopic once dried. Avoid exposure to

atmosphere, and weigh promptly.
~NF22

Change to read:
Labeling—The label indicates the types of glucosamine salts con-
tained in the article, and the species source from which chondroitin
was derived.

.The label states the content of chondroitin sulfate sodium

on the dried basis; the corresponding content of chondroitin

sulfate sodium on the hydrous basis may also be stated..5

Change to read:
Identification—
A: The retention times of the major peaks in the chromato-

gram of the Test solution correspond to those in the chromatogram
of the Standard solution, as obtained in the test for Content of glu-
cosamine (presence of glucosamine).
B: Standard solution and Test solution—Prepare as directed in

the test for Content of chondroitin sulfate sodium under Chondroi-
tin Sulfate

~

Sodium
~NF22

Tablets.
Procedure (see Electrophoresis h726i)—Proceed as directed for

Identification under Chondroitin Sulfate

~

Sodium
~NF22

Tablets (presence of chondroitin sulfate).

Change to read:
Disintegration and dissolution h2040i: meet the requirements for
Dissolution.
Medium: water; 900 mL.
Apparatus 2: 75 rpm.
Time: 60 minutes.
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Determine the amount of glucosamine (C6H13NO5) dissolved by
employing the following method.
Diluent, 0.2 M Borate buffer, Derivatizing reagent, Mobile

phase, and Chromatographic system—Proceed as directed in the
test for Content of glucosamine.
Standard solution—Prepare as directed in the test for Content of

glucosamine. Dilute with a suitable quantity of water, if necessary.
Test solution—Use the solution under test.
Procedure—Proceed as directed in the test for Content of gluco-

samine. Calculate the quantity, in mg, of glucosamine (C6H13NO5)
dissolved by the formula:

(179.17/215.63)(900C)(rU / rS),

in which the terms are as defined therein.
Tolerances—Not less than 75% of the labeled amount of

C6H13NO5 is dissolved in 60 minutes.
Determine the amount of chondroitin sulfate

~

sodium
~NF22

dissolved by employing the following method.
Cetyl pyridinium solution, Standard solution, and Test solu-

tion—Prepare as directed in the test for Content of chondroitin sul-
fate sodium.
Procedure—Proceed as directed in the test for Content of chon-

droitin sulfate sodium, adjusting the volume of the sample, if
necessary. Calculate the quantity, in mg, of chondroitin sulfate so-
dium dissolved by the formula:

900C,

in which C is the concentration, in mg per mL, of chondroitin sul-
fate sodium in the solution under test.
Tolerances—Not less than 75% of the labeled amount of chon-

droitin sulfate sodium is dissolved in 60 minutes.

Change to read:
Content of glucosamine—
Diluent—Transfer 29 mL of acetic acid and 5 mL of acetonitrile

to a 100-mL volumetric flask containing about 50 mL of water, and
dilute with water to volume.
0.2 M Borate buffer—Dissolve 7.63 g of sodium borate in 80 mL

of water, and adjust with hydrochloric acid TS to a pH of 9.5.
Transfer to a 100-mL volumetric flask, dilute with water to volume,
and mix. [NOTE—Buffer must be stored at room temperature and
can be used indefinitely, but must be warmed to dissolve if crystal-
lization occurs.]
Derivatizing reagent—In a 14-mL polypropylene culture tube,

dissolve 50 mg of o-phthalaldehyde in 1.25 mL of anhydrous
methanol, add 50 mL of 3-mercaptopropionic acid and 11.2 mL
of 0.2 M Borate buffer, and mix gently. Allow to stand in the dark
for 30 minutes before use. [NOTE—Reagent strength is maintained
by adding 10 mL of 3-mercaptopropionic acid every two days.
Store in the dark at room temperature. The reagent can be used
for not more than two weeks.]
Mobile phase—In a 1000-mL volumetric flask dissolve 6.80 g of

sodium acetate trihydrate in 700 mL water. Adjust with dilute ace-
tic acid to a pH of 5.9, dilute with water to volume, and mix. Com-
bine 100 mL of methanol with 900 mL of acetate buffer, and mix
thoroughly. Pass through a nylon membrane filter having a 0.45-
mm or finer porosity, and degas. Make adjustments if necessary
(see System Suitability under Chromatography h621i).
Standard solution—Dissolve an accurately weighed quantity of

USP Glucosamine Hydrochloride RS in water, and dilute quantita-
tively, and stepwise if necessary, with water to obtain a solution
having a known concentration of about 1.0 mg per mL. Allow to
stand at room temperature for 1 hour.

Test solution—Weigh and finely powder not fewer than 20 Tab-
lets. Transfer an accurately weighed portion of the powder, equiva-
lent to about 25 mg of glucosamine, to a 25-mL volumetric flask,
and dilute with Diluent to volume. Mix on a vortex mixer to sus-
pend the powder in solution. Sonicate in a 658 water bath for 20
minutes. Remove from the bath, stir for 5 minutes with the aid of a
magnetic stirrer, and centrifuge.
Chromatographic system—The liquid chromatograph is

equipped with a 340-nm detector and a 3.0-mm 6 5-cm column
that contains packing L1. The flow rate is about 1.0 mL per minute.
Chromatograph the Standard solution, and record the peak re-
sponses as directed for Procedure:

&five individual aliquots of the Standard solution deriva-

tized as described under Procedure. Each derivatized ali-

quot is injected only once.&2S (NF21)

The relative retention times are 1.0 for the b-anomer and 1.8 for the
a-anomer;

&, and&2S (NF21)

the typical retention time of the b-anomer is not less than 4 min-
utes.; and the relative standard deviation for replicate injections is
not more than 2.0%.

&The relative standard deviation calculated from these five

replicates is not more than 2.0%.&2S (NF21)

Procedure—Transfer 100 mL of the Derivatizing reagent and
100 mL of the Standard solution or the Test solution to a vial con-
taining 400 mL of 0.2 M Borate buffer, mix, allow the derivatiza-
tion to proceed for 1 minute, and inject the derivatized solution into
the chromatograph. Separately inject equal volumes (about 10 mL)
of the Standard solution and the Test solution into the chromato-
graph, record the chromatograms, and measure the responses for
the major peaks.

&[NOTE—Inject the derivatized solution immediately

after the derivatization reaction.]&2S (NF21)

Calculate the quantity, in mg, of glucosamine (C6H13NO5) in the
portion of Tablets taken by the formula:

(179.17/215.63)(100C)(rU / rS),

in which 179.17 and 215.63 are the molecular weights of glucosa-
mine and glucosamine hydrochloride, respectively; C is the con-
centration, in mg per mL, of USP Glucosamine Hydrochloride
RS in the Standard solution; and rU and rS are the peak responses
for the b-anomer obtained from the Test solution and the Standard
solution, respectively.

Change to read:
Content of chondroitin sulfate sodium—
Cetyl pyridinium chloride solution, Standard solution, Test

solution, and Procedure—Proceed as directed in the test for Con-
tent of chondroitin sulfate sodium under Chondroitin Sulfate

~

Sodium
~NF22

Tablets.
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BRIEFING

Linoleoyl Macrogolglycerides, page 1213 of PF 28(4) [July–
Aug. 2002]—See briefing under Caprylocaproyl Macrogolglycer-
ides.

(EMC: C. Sheehan; NL: C. Barnstein) RTS—39633-1

Add the following:

&Linoleoyl Macrogolglycerides
Polyoxylglycerides

» Linoleoyl Macrogolglycerides Polyoxylglycer-

ides are mixtures of monoesters, diesters, and tri-

esters of glycerol and monoesters and diesters of

macrogols polyethylene glycols with a mean rela-

tive molecular weight between 300 and 400. They

are produced by partial alcoholysis of unsaturated

oils, mainly containing triglycerides of linoleic

acid, with macrogol, polyethylene glycol, by es-

terification of glycerol and macrogol polyethylene

glycol with fatty acids, or as a mixture of glycerol

esters and ethylene oxide condensate with the

fatty acids of the unsaturated oils. The average

molecular weight is not less than 90.0 percent

and not more than 110.0 percent of the labeled

nominal value.

Packaging and storage—Preserve in tight containers, pro-

tected from light and moisture. Store at controlled room

temperature.

Labeling—Label it to indicate the average nominal molec-

ular weight of esters as part of the official title.

USP Reference standards h11i—USP Linoleoyl Macro-

golglycerides Polyoxylglycerides RS.

Identification—

A: Infrared Absorption h197Fi.

B: It meets the requirements for Identification test B un-

der Caprylocaproyl Macrogolglycerides. Polyoxylglycer-

ides.

Acid value h401i: not more than 2.0, determined on a 2.0-g

specimen.

Hydroxyl value h401i: between 45 and 65, determined on a

1.0-g specimen, accurately weighed.

Iodine value h401i: between 90 and 110.

Peroxide value h401i: not more than 12.0, determined on a

2.0-g specimen.

Saponification value h401i: between 150 and 170, deter-

mined on a 2.0-g specimen.

Fatty acid composition h401i: between 4% and 20% of

palmitic acid is found; not more than 6% of stearic acid is

found; not more than 1.0% each of arachidic acid and eico-

senoic acid is found; between 20% and 35% of oleic acid is

found; between 50% and 65% of linoleic acid is found; and

not more than 2% of linolenic acid is found.

Refractive index h831i: between 1.465 and 1.475 at 208.

Water,Method I h921i: not more than 1.0%, determined on

a 1.0-g specimen.

Total ash h561i: not more than 0.1%, determined on a 1.0-g

specimen.

Heavy metals, Method II h231i: 0.001%.

Limit of free ethylene oxide and dioxane—Proceed as di-

rected in the test for Limit of free ethylene oxide and dioxane

under Caprylocaproyl Macrogolglycerides Polyoxylglycer-

ides: not more than 1 mg of ethylene oxide per g is found;

and not more than 10 mg of dioxane per g is found.
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Limit of free glycerol—Proceed as directed in the test for

Limit of free glycerol under Caprylocaproyl Macrogolgly-

cerides Polyoxylglycerides: not more than 5.0% is

found.&1S (NF22)

BRIEFING

Oleic Acid, NF 21 page 2802 and Addendum to the First Interim
Revision Announcement pertaining to USP 26–NF 21 on page 382
of PF 29(2) [Mar.–Apr. 2003]. On the basis of comments received,
it is proposed to revise the Definition and Labeling sections to in-
clude the use of stabilizers.

(EMC: C. Sheehan) RTS—39624-1

Change to read:

» Oleic Acid is manufactured from fats and oils de-
rived from edible sources, .animal or vegetable,.1
and consists chiefly of (Z)-9-octadecenoic acid
[CH3(CH2)7CH:CH(CH2)7COOH].

&It may contain suitable stabilizers.&1S (NF22)

NOTE—Oleic Acid labeled solely for external use is
exempt from the requirement that it be prepared from
edible sources.

Change to read:
Labeling—If it is for external use only, the labeling so indi-
cates..Label it to indicate whether it is derived from animal or ve-
getable sources..1

&Indicate the names and quantity of any added stabili-

zers.&1S (NF22)

BRIEFING

Oleoyl Macrogolglycerides, page 1220 of PF 28(4) [July–
Aug. 2002]—See briefing under Caprylocaproyl Macrogolglycer-
ides. For this monograph, also, it is proposed to change Infrared
absorption under Identification test A from h197Ki to h197Fi.

(EMC: C. Sheehan; NL: C. Barnstein) RTS—39633-3

Add the following:

&Oleoyl Macrogolglycerides

Polyoxylglycerides

» Oleoyl Macrogolglycerides Polyoxylglycerides

are mixtures of monoesters, diesters, and triesters

of glycerol and monoesters and diesters of macro-

gols polyethylene glycols with a mean relative

molecular weight between 300 and 400. They

are produced by partial alcoholysis of unsaturated

oils, mainly containing triglycerides of oleic acid,

with macrogol, polyethylene glycol, by esterifica-

tion of glycerol and macrogol polyethylene glycol

with fatty acids, or as a mixture of glycerol esters

and ethylene oxide condensate with fatty acids of

the unsaturated oils. The average molecular

weight is not less than 90.0 percent and not more

than 110.0 percent of the labeled nominal value.

Packaging and storage—Preserve in tight containers, pro-

tected from light and moisture. Store at controlled room

temperature.

Labeling—Label it to indicate the average nominal molec-

ular weight of esters as part of the official title.

USP Reference standards h11i—USP Oleoyl Macrogol-

glycerides Polyoxylglycerides RS.
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Identification—

A: Infrared Absorption h197Ki Infrared Absorption

h197Fi.

B: It meets the requirements for Identification test B un-

der Caprylocaproyl Macrogolglycerides Polyoxylglycer-

ides.

Acid value h401i: not more than 2.0, determined on a 2.0-g

specimen.

Hydroxyl value h401i: between 45 and 65, determined on a

1.0-g specimen, accurately weighed.

Iodine value h401i: between 75 and 95.

Peroxide value h401i: not more than 12.0, determined on a

2.0-g specimen.

Saponification value h401i: between 150 and 170, deter-

mined on a 2.0-g specimen.

Fatty acid composition h401i: between 4.0% and 9.0% of

palmitic acid is found; not more than 6.0% of stearic acid is

found; not more than 2.0% each of linolenic acid, arachidic

acid, and eicosenoic acid is found; between 58.0% and

80.0% of oleic acid is found; and between 15.0% and

35.0% of linoleic acid is found.

Water,Method I h921i: not more than 1.0%, determined on

a 1.0-g specimen.

Total ash h561i: not more than 0.1%, determined on a 1.0-g

specimen.

Heavy metals, Method II h231i: 0.001%.

Limit of free ethylene oxide and dioxane—Proceed as di-

rected in the test for Limit of free ethylene oxide and dioxane

under Caprylocaproyl Macrogolglycerides Polyoxylglycer-

ides: not more than 1 mg of ethylene oxide per g is found;

and not more than 10 mg of dioxane per g is found.

Limit of free glycerol—Proceed as directed in the test for

Limit of free glycerol under Caprylocaproyl Macrogolgly-

cerides Polyoxylglycerides: not more than 5.0% is

found.&1S (NF22)

BRIEFING

Polyethylene Glycol, NF 21 page 2810 and page 382 of the Ad-
dendum to the First Interim Revision Announcement to USP 26–
NF 21 in PF 29(2) [Mar.–Apr. 2003]; Polyethylene Glycol Oint-
ment, NF 21 page 2812. It is proposed to delete the Pharmacy
Equivalent Name (PEN) from each of the 25 monographs in which
they now appear (2 in NF and 23 in USP). Adoption of standar-
dized PENs by the previous USP Drug Nomenclature Committee
was intended to discourage the proliferation of trivial names and
undefined abbreviations for combination dosage forms. However,
the Expert Committee on Nomenclature and Labeling now pro-
poses to remove the PENs on the basis that pharmacists now use
computerized labeling and that PENs may be regarded as anti-
quated and no longer useful. Additionally, there is concern ex-
pressed by the Expert Committee about confusion and
possibilities for medication errors resulting from the addition of
PENs to United States Adopted Names (USAN), International
Nonproprietary Names (INN), official names, and brand names.

(NL: C. Barnstein; EMC: C. Sheehan) RTS—39588-1

Delete the following:
&Pharmacy Equivalent Name: PEG&1S (NF22)

BRIEFING

Polyethylene Glycol Ointment, NF 21 page 2812—See brief-
ing under Polyethylene Glycol.

(NL: C. Barnstein; EMC: C. Sheehan) RTS—39589-1

Delete the following:
&Pharmacy Equivalent Name: PEG Ointment&1S (NF22)

BRIEFING

Powdered St. John’s Wort Extract, NF 21 page 2828. Pro-
posed changes in the Definition would allow standardization in a
range of concentration of marker compounds instead of a minimum
content only. Proposed changes in Identification test A are intended
to harmonize the chromatographic development system with the
monograph of the plant material. Some laboratories have reported
precipitation during the preparation of the spray reagent for Iden-
tification test B. The proposed changes would avoid such precipi-
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tation. Microbial limits are added in accordance with the current
recommendation of the USPAnalytical Microbiology Expert Com-
mittee. Other changes are editorial.

(DSB: G. Giancaspro) RTS—38036-1

Change to read:

» Powdered St. John’s Wort Extract is prepared from
comminuted St. John’s Wort extracted with 80 percent
methanol or other suitable solvents. The ratio of the
starting crude plant material to Powdered Extract is be-
tween 3:1 and 7:1.

&
&1S (NF22)

It contains not less than 0.2

&90.0&1S (NF22)

percent

&and not more than 110.0 percent&1S (NF22)

of the

&labeled&1S (NF22)

combined total of hypericin (C30H16O8) and pseudohy-
pericin (C30H16O9) and not less than 3.0

&90.0&1S (NF22)

percent

&and not more than 110.0 percent&1S (NF22)

of hyperforin (C35H52O4).

Change to read:
Identification—
A: Thin-Layer Chromatographic Identification Test h201i

(presence of hypericin, pseudohypericin, hyperoside, and rutin) —
Test solution—Transfer about 1 g of Powdered Extract, ac-

curately weighed, to a 50-mL flask, add 20.0 mL of methanol,
shake well, and use the clear supernatant.
Standard solution—Transfer about 0.25 g of USP Powdered St.

John’s Wort Extract RS, accurately weighed, to a 25-mL flask, add
5.0 mL of methanol, shake well, and use the clear supernatant.
Developing solvent system—Prepare a mixture of ethyl acetate,

water,

&glacial acetic acid,&1S (NF22)

and formic acid (50:40:10)

&(10:2.6:1.1:1.1),&1S (NF22)

and use the upper phase of the mixture. [NOTE—Saturate the chro-
matographic chamber with the Developing solvent system vapors
prior to the development of the chromatogram.]
Spray reagent A—Prepare a solution of diphenylborinic acid,

ethanolamine ester in methanol containing 10 mg per mL.
Spray reagent B—Prepare a solution of polyethylene glycol 400

in alcohol containing 50 mg per mL.

Procedure—Develop the chromatogram until the solvent front
has moved not less than 18 cm, and dry the plate with the aid of
a current of air. Spray the plate with Spray reagent A, then with
Spray reagent B, and examine the plate under UV light at 365
nm: the two red zones due to hypericin and pseudohypericin at
RF values of about 0.89

&0.85&1S (NF22)

and 0.88

&0.80,&1S (NF22)

respectively, in the chromatogram of the Test solution, correspond
in color and RF value to those in the chromatogram of the Standard
solution; the two yellow zones due to hyperoside and rutin at RF

values of about 0.20

&0.50&1S (NF22)

and 0.52

&0.35,&1S (NF22)

respectively, in the chromatogram of the Test solution, correspond
in color and RF value to those in the chromatogram of the Standard
solution. Other colored zones of varying intensities may be ob-
served in the chromatogram of the Test solution.
B: Thin-Layer Chromatographic Identification Test h201i

(presence of hyperforin)—
Test solution and Standard solution—Proceed as directed for

Identification test A.
Developing solvent system—Prepare a mixture of solvent hexane

and ethyl acetate (8:2). [NOTE—Saturate the chromatographic
chamber with the Developing solvent system vapors prior to the
development of the chromatogram.]
Spray reagent—Transfer

&Prepare a solution containing&1S (NF22)

0.38 g of ceric ammonium sulfate and 3.8 g of ammonium molyb-
date to a

&in&1S (NF22)

100-mL volumetric flask, add 2.4 mL

&
&1S (NF22)

of

&2 N&1S (NF22)

sulfuric acid. dilute carefully with water to volume, and mix.

&
&1S (NF22)

Procedure—Develop the chromatogram until the solvent front
has moved not less than 18 cm, and dry the plate with the aid of
a current of air. Spray the plate with Spray reagent, heat the plate at
1408 for 15 minutes, and examine under UV light: the blue zone
due to hyperforin at an RF value of about 0.54 in the chromatogram
of the Test solution corresponds in color and RF value to that in the
chromatogram of the Standard solution.

Add the following:

&Microbial limits h2021i—It meets the requirements of the

tests for absence of Salmonella species and Escherichia

coli. The total bacterial count does not exceed 104 per g,

and the total combined molds and yeasts does not exceed

103 per g.&1S (NF22)
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Change to read:
Heavy metals, Method II h231i:0.005%.

&50 mg per g.&1S (NF22)

Change to read:
Other requirements—It meets the requirements for Residue on
Evaporation,

&and&1S (NF22)

Residual Solvents, and Heavy Metals

&
&1S (NF22)

under Botanical Extracts h565i.

BRIEFING

Hydrogenated Soybean Oil, page 1631 of PF 28(5) [Sept.–
Oct. 2002]. This new monograph, which previously appeared in
Pharmacopeial Previews, is now being forwarded to In-Process
Revision. It is proposed to add storage conditions to the Packaging
and storage section. See also the briefing under Soybean Oil.

(EMC: E. Gonikberg; PSD: C. Okeke; NL: C. Barnstein)
RTS—39703-1

Add the following:

&Hydrogenated Soybean Oil

[8016-70-4].

» Hydrogenated Soybean Oil is the product ob-

tained by refining, bleaching, hydrogenation,

and deodorization of oil obtained from seeds of

the soya plant Glycine soja (Fam. Leguminosae)

Sieb. and Zucc. and Glycine max (L.) Merr. (G.

hispida (Moench) Maxim.). Glycine max Merr.

(Fabaceae). The product consists mainly of trigly-

cerides of palmitic and stearic acids.

Packaging and storage—Store Preserve in tight, light-resis-

tant containers. Store at room temperature, and avoid exces-

sive heat and freezing. Protect from moisture.

Identification—

A: It meets the requirements of the test for Fatty acid

composition.

B: It meets the requirements of the test for Melting

range.

Melting range, Class II h741i: between 668 and 728.

Acid value h401i—Dissolve about 10 g of Hydrogenated

Soybean Oil, accurately weighed, in 50 mL of a hot mixture

of neutralized alcohol and toluene (1:1), add 0.5 mL of phe-

nolphthalein TS, and titrate immediately while still hot with

0.1 N potassium hydroxide VS to produce a permanent,

faint pink color: the acid value so obtained is not more than

0.5.

Peroxide value h401i: not more than 5.0.

Unsaponifiable matter h401i: not more than 1.0%, deter-

mined on 5.0 g.

Fatty acid composition h401i—Hydrogenated Soybean

Oil exhibits the following composition profile of fatty acids,

as determined in the section Fatty Acid Composition.

Carbon-chain

length

No. of double

bonds Percentage (%)

<14 0 �0.1

14 0 �0.5

16 0 9–16

18 0 79–89

20 0 �1.0

22 0 �1.0

18 1 �4.0

18 2 �1.0

18 3 �0.2
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Alkaline impurities—Dissolve by gentle heating 2.0 g of

Hydrogenated Soybean Oil in a mixture of 1.5 mL of alco-

hol and 3.0 mL of toluene. Add 0.05 mL of bromophenol

blue TS, and titrate with 0.01 N hydrochloric acid VS to a

yellow endpoint: not more than 0.4 mL of 0.01 N hydro-

chloric acid is required.

Water, Method I h921i: not more than 0.3%.

Limit of nickel—

Test solution—Weigh 5.0 g of Hydrogenated Soybean Oil

into a previously tared platinum or silica crucible. Cau-

tiously heat, and introduce into the substance a wick formed

from twisted ashless filter paper. Ignite the wick. When the

substance ignites, stop heating. After combustion, ignite in a

muffle furnace at about 6008. Continue the incineration until

white ash is obtained. After cooling, transfer the residue,

with the aid of two 2-mL portions of diluted hydrochloric

acid, to a 25-mL volumetric flask, add 0.3 mL of nitric acid,

and dilute with water to volume.

Nickel standard solution—Immediately before use, dilute

10 mL of nickel standard solution TS with water to 500 mL.

This solution contains the equivalent of 0.2 mg of nickel per

g.

Standard solutions—Into three identical 10-mL volu-

metric flasks, introduce respectively 1.0 mL, 2.0 mL, and

4.0 mL of Nickel standard solution. To each flask, add a

2.0-mL portion of the Test solution, and dilute with water

to volume.

Procedure—Concomitantly determine the absorbances of

the Standard solutions and the Test solution at least three

times each, at the wavelength of maximum absorbance at

232.0 nm, with a suitable atomic absorption spectrophotom-

eter (see Spectrophotometry and Light-Scattering h851i)

equipped with a graphite furnace and a nickel hollow-cath-

ode lamp. Record the average of the steady readings for

each of the Standard solutions and the Test solution. Plot

the absorbances of the Standard solutions and the Test solu-

tion versus the added quantity of nickel, and draw the

straight line best fitting the three plotted points. Extrapolate

the line until it meets the concentration axis. The distance

between this point and the intersection of the axes represents

the concentration of nickel in the Test solution. Not more

than 1 mg per g is found.&1S (NF22)

BRIEFING

Starch, NF 21 page 2843 and page 837 of PF 28(3) [May–June
2002]. It is proposed to use a new volumetric solution in the test for
Sulfur dioxide

(EMC: J. Lane) RTS—39743-1

Change to read:

» Starch consists of the granules separated from the
mature grain of corn [Zea mays Linné (Fam. Grami-
neae)] or of wheat [Triticum aestivum Linné (Fam.
Gramineae)], or from tubers of the potato [Solanum tu-
berosum Linné (Fam. Solanaceae)] or of tapioca [Man-
ihot utilissima Pehl (Fam. Euphorbi Aceae)].

&
&2S (NF21)

NOTE—Starches obtained from different botanical
sources may not have identical properties with respect
to their use for specific pharmaceutical purposes, e.g.,
as a tablet-disintegrating agent. Therefore, types of
starch should not be interchanged unless performance
equivalency has been ascertained.

Change to read:
Botanic characteristics—
Corn starch—Polygonal, rounded or spheroidal granules up to

about 35 mm in diameter and usually having a circular or sev-
eral-rayed central cleft.
Wheat starch—Two distinct types of granules are simple lenticu-

lar large granules 20 to 25 mm or up to 50 mm in diameter, and
small spherical granules 5 to 10 mm in diameter. Striations are
faintly marked and concentric.
Potato starch—Simple granules, irregularly ovoid or spherical,

30 to 100 mm in diameter, and subspherical granules 10 to 35 mm in
diameter. Striations are well marked and concentric.
Tapioca starch—Spherical granules with one truncated side, ty-

pically 5 mm to 35 mm in diameter, typically having a circular or
several-rayed central clefts.
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&
&2S (NF21)

Change to read:
pH h791i—Prepare a slurry by weighing 20.0 g + 100 mg of
Starch, transferring to a suitable nonmetallic container, and adding
100 mL of water. Agitate continuously at a moderate rate for 5 min-
utes, then stop agitation, and immediately determine the pH to the
nearest 0.1 unit: the pH, determined potentiometrically, is between
4.5 and 7.0 for Corn starchTapioca starch,

&
&2S (NF21)

and Wheat starch, and is between 5.0 and 8.0 for Potato starch.

Change to read:
Sulfur dioxide—Mix 20 g with 200 mL of water until a smooth
suspension is obtained, and filter. To 100 mL of the clear filtrate
add 3 mL of starch TS, and titrate with 0.010 N iodine

&0.01 N iodine VS&1S (NF22)

to the first permanent blue color: not more than 2.7 mL is con-
sumed (0.008%).

BRIEFING

Pregelatinized Starch, NF 21 page 2843 and page 151 of PF
29(1) [Jan.–Feb. 2003]. It is proposed to use a new volumetric
solution in the test for Sulfur dioxide.

(EMC: J. Lane) RTS—39742-1

Add the following:

&Packaging and storage—Preserve in well-closed contain-

ers.&1S (NF22)

Add the following:

&Labeling—Label it to indicate the botanical source from

which it was derived.&1S (NF22)

Add the following:

&Identification—Awater slurry of it is colored reddish vio-

let to deep blue by iodine TS.&1S (NF22)

Add the following:

&Microbial limits h61i—It meets the requirements of the

tests for absence of Salmonella species and Escherichia co-

li.&1S (NF22)

Add the following:

&Loss on drying h731i—Dry it at 1208 for 4 hours: it loses

not more than 14.0% of its weight.&1S (NF22)

Add the following:

&Residue on ignition h281i: not more than 0.5%, deter-

mined on a 2.0-g test specimen.&1S (NF22)

Change to read:
Sulfur dioxide—Mix 20 g with 200 mL of a 1 in 5 solution of
anhydrous sodium sulfate, and filter. To 100 mL of the clear filtrate
add 3 mL of starch TS, and titrate with 0.010 N iodine

&0.01 N iodine VS&1S (NF22)

to the first permanent blue color: not more than 2.7 mL is con-
sumed (0.008%).

Delete the following:
&Other requirements—It responds to Identification test B and
meets the requirements for Packaging and storage, Labeling, Mi-
crobial limits, Loss on drying, and Residue on ignition under
Starch.&1S (NF22)

BRIEFING

Purified Stearic Acid, NF 21 page 2844 and page 3027 of the
First Supplement. It is proposed to add aMicrobial limits test under
the Other requirements section of this monograph. This cross-re-
ferences the proposal to add the same test in the monograph for
Stearic Acid (see page 480 of PF 29(2) [Mar.–Apr. 2003].

(EMC: C. Sheehan; AMB: D. Porter) RTS—39623-1

Change to read:
Other requirements—It meets the requirements for Residue on
ignition, Heavy metals, Mineral acid, Neutral fat or paraffin,

&Microbial limits,&1S (NF22)

and Assay under Stearic Acid.
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GENERAL CHAPTERS

General Tests and Assays

GENERAL REQUIREMENTS
FOR TESTS AND ASSAYS

BRIEFING

h1i Injections, USP 26 page 1963 and page 480 of PF 29(2)
[Mar.–Apr. 2003]. The USP Subcommittee on Water and Parent-
erals (currently the Expert Committee on Parenteral Products—In-
dustrial) published a Stimuli article entitled ‘‘Status of Proposals to
Restrict Printing on Vial Caps and Ferrules and to Require Color
Coding of Closure Systems for Neuromuscular Blockers’’ in PF
25(3) [May–June 1999]. Several proposals were discussed, one
of which was a proposal to restrict printing on vial caps and fer-
rules to cautionary statements. The proposal was based upon the
September 16, 1997 recommendation of the National Coordinating
Council for Medication Error Reporting and Prevention to restrict
printing on the cap and ferrules of vials to warning statements only.
The USP Subcommittee was favorably disposed toward this re-
commendation and asked for comment from industry. The Sub-
committee received two letters from closure manufacturers and
one letter from a pharmaceutical manufacturer. One closure man-
ufacturer supported the proposal and so, too, did the pharmaceuti-
cal manufacturer.
The remaining correspondent, a closure manufacturer, opposed

the proposal stating the following:
(1) The printing serves to identify drugs and reduces the risk of

error.
(2) If symbols and logos are eliminated, differentiation would be

accomplished by color only, and because there is a limited
number of colors available, errors could increase.

(3) Symbols and logos minimize counterfeiting of drugs.
(4) The impact on industry would be significant because docu-

ments and procedures and also regulatory applications would
have to be revised.

(5) Conversion entails a substantial investment in time, materials,
and labor.

Since the Stimuli article appeared in 1999, new USP Expert
Committees were formed, and additional experts have had the op-
portunity to evaluate the pros and cons of the restriction. The three
Expert Committees that were involved in the decision to go for-
ward with this proposal are the committees on Parenteral Pro-
ducts—Industrial, Nomenclature and Labeling, and Safe
Medication Use. All agreed that restricting the printing on the
cap and ferrule to cautionary statements could minimize medica-
tion errors. The plan would be to delay implementation so as to
minimize the impact on industry and allow time for the conversion.

(PPI: F. Barletta; NL: W.L. Paul) RTS—39484-1

Change to read:

LABELS AND LABELING

NOTE—See definitions of ‘‘label’’ and ‘‘labeling’’ under Label-
ing in the section Preservation, Packaging, Storage, and Labeling
of the General Notices and Requirements.
The label states the name of the preparation; in the case of a liq-

uid preparation, the percentage content of drug or amount of drug
in a specified volume; in the case of a dry preparation, the amount
of active ingredient; the route of administration; a statement of stor-
age conditions and an expiration date; the name

&and place of business&2S (USP26)

of the manufacturer and

&, packer, or&2S (USP26)

distributor; and an identifying lot number. The lot number is cap-
able of yielding the complete manufacturing history of the specific
package, including all manufacturing, filling, sterilizing, and label-
ing operations.
Where the individual monograph permits varying concentra-

tions of active ingredients in the large-volume parenteral, the con-
centration of each ingredient named in the official title is stated as if
part of the official title, e.g., Dextrose Injection 5%, or Dextrose
(5%) and Sodium Chloride (0.2%) Injection.
The labeling includes the following information if the complete

formula is not specified in the individual monograph: (1) In the
case of a liquid preparation, the percentage content of each ingre-
dient or the amount of each ingredient in a specified volume, ex-
cept that ingredients added to adjust to a given pH or to make the
solution isotonic may be declared by name and a statement of their
effect; and (2) in the case of a dry preparation or other preparation
to which a diluent is intended to be added before use, the amount of
each ingredient, the composition of recommended diluent(s) (the
name[s] alone, if the formula is specified in the individual mono-
graph), the amount to be used to attain a specific concentration of
active ingredient and the final volume of solution so obtained, a
brief description of the physical appearance of the constituted solu-
tion, directions for proper storage of the constituted solution, and
an expiration date limiting the period during which the constituted
solution may be expected to have the required or labeled potency if
it has been stored as directed.
Containers for Injections that are intended for use as dialysis,

hemofiltration, or irrigation solutions and that contain a volume
of more than 1 liter are labeled to indicate that the contents are
not intended for use by intravenous infusion.
Injections intended for veterinary use are labeled to that effect.
The container is so labeled that a sufficient area of the container

remains uncovered for its full length or circumference to permit
inspection of the contents.

&For neuromuscular blocking and paralyzing agents, refer to

Containers for Injections in the section Packaging for ap-

propriate warning labeling.
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Aluminum in Large- and Small-Volume Parenterals

Used in Total Parenteral Nutrition

(a) The aluminum content of large-volume parenteral

(LVP) drug products used in total parenteral nutrition

(TPN) therapy must not exceed 25 micrograms per liter

(mg/L).

(b) The package insert of LVPs used in TPN therapy must

state that the drug product contains no more than 25 mg

of aluminum per liter. This information must be con-

tained in the ‘‘Precautions’’ section of the labeling of

all large-volume parenterals used in TPN therapy.

(c) The maximum level of aluminum present at expiry

must be stated on the immediate container label of all

small-volume parenteral (SVP) drug products and phar-

macy bulk packages (PBPs) used in the preparation of

TPN solutions. The aluminum content must be stated as

follows: ‘‘Contains no more than ___ mg of aluminum

per liter.’’ The immediate container label of all SVPs

and PBPs that are lyophilized powders used in the prep-

aration of TPN solutions must contain the following

statement: ‘‘When reconstituted in accordance with

the package insert instructions, the concentration of alu-

minum will be no more than ____ mg per liter.’’ This

maximum level of aluminum must be stated as the

highest of the following:

(1) The highest level for the batches produced during

the last 3 years;

(2) The highest level for the latest five batches; or

(3) The maximum historical level, but only until com-

pletion of production of the first five batches after

January 26, 2001.

(d) The package insert for all LVPs, all SVPs, and PBPs

used in TPN must contain a warning statement. This

warning must be contained in the ‘‘Warnings’’ section

of the labeling. The warning must state the following:

WARNING: This product contains aluminum that may be

toxic. Aluminum may reach toxic levels with prolonged par-

enteral administration if kidney function is impaired. Prema-

ture neonates are particularly at risk because their kidneys

are immature, and they require large amounts of calcium

and phosphate solutions that contain aluminum.

Research indicates that patients with impaired kidney

function, including premature neonates, who receive paren-

teral levels of aluminum at greater than 4 to 5 mg per kg per

day accumulate aluminum at levels associated with central

nervous system and bone toxicity. Tissue loading may occur

at even lower rates of administration.&2S (USP26)

Change to read:

PACKAGING

Containers for Injections

Containers, including the closures, for preparations for injec-
tions do not interact physically or chemically with the preparations
in any manner to alter the strength, quality, or purity beyond the
official requirements under the ordinary or customary conditions
of handling, shipment, storage, sale, and use. The container is
made of material that permits inspection of the contents. The type
of glass preferable for each parenteral preparation is usually stated
in the individual monograph. Unless otherwise specified in the in-
dividual monograph, plastic containers may be used for packaging
injections

&(see Containers h661i.)&2S (USP26)

For definitions of single-dose and multiple-dose containers,
see Containers in the General Notices and Requirements. Con-
tainers meet the requirements under Containers h661i.

Containers are closed or sealed in such a manner as to prevent
contamination or loss of contents. Validation of container integrity
must demonstrate no penetration of microbial contamination or
chemical or physical impurities. In addition, the solutes and the ve-
hicle must maintain their specified total and relative quantities or
concentrations when exposed to anticipated extreme conditions of
manufacturing and processing, and storage, shipment, and distribu-
tion. Closures for multiple-dose containers permit the withdrawal
of the contents without removal or destruction of the closure. The
closure permits penetration by a needle and, upon withdrawal of
the needle, closes at once, protecting the container against contam-
ination. Validation of the multiple-dose container integrity must in-
clude verification that such a package prevents microbial
contamination or loss of product contents under anticipated condi-
tions of multiple entry and use.
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&Piggyback containers are usually intravenous infusion

containers used to administer a second infusion through a

connector of some type or through an injection port on the

administration set of the first fluid, thereby avoiding the

need for another injection site on the patient’s body. Piggy-

back containers are also known as secondary infusion con-

tainers.&2S (USP26)

&Potassium Chloride for Injection Concentrate&2S (USP26)

The use of a black closure system on a vial (e.g., a black flip-
off button and a black ferrule to hold the elastomeric closure) or the
use of a black band or series of bands above the constriction on an
ampul is prohibited, except for Potassium Chloride for Injection
Concentrate.

&Neuromuscular Blocking and Paralyzing Agents

All injectable preparations of neuromuscular blocking

agents and paralyzing agents must be packaged in vials with

a closure system that is entirely anesthesia red (ASTM Pan-

tone Red 811). a cautionary statement printed on the ferrules

or cap overseal. Both the container cap ferrule and the cap

overseal must bear in black or white print (whichever pro-

vides the greatest color contrast with the ferrule or cap color)

the words: ‘‘Warning: Paralyzing Agent’’ or ‘‘Paralyzing

Agent’’ (depending on the size of the closure system). Alter-

natively, the overseal may be transparent and without words,

allowing for visualization of the warning labeling on the red

closure ferrule.When packaged in ampuls, the band or bands

above the constriction must also be anesthesia red in col-

or.&1S (USP27)

(Official October 1, 2005)

Containers for Sterile Solids

Containers, including the closures, for dry solids intended for
parenteral use do not interact physically or chemically with the
preparation in any manner to alter the strength, quality, or purity
beyond the official requirements under the ordinary or customary
conditions of handling, shipment, storage, sale, and use.
A container for a sterile solid permits the addition of a suitable

solvent and withdrawal of portions of the resulting solution or sus-
pension in such manner that the sterility of the product is main-
tained.
Where the Assay in a monograph provides a procedure for the

Assay preparation, in which the total withdrawable contents are to
be withdrawn from a single-dose container with a hypodermic nee-
dle and syringe, the contents are to be withdrawn as completely as
possible into a dry hypodermic syringe of a rated capacity not ex-
ceeding three times the volume to be withdrawn and fitted with a
21-gauge needle not less than 2.5 cm (1 inch) in length, with care
being taken to expel any air bubbles, and discharged into a con-
tainer for dilution and assay.

Volume in Container

Each container of an Injection is filled with sufficient excess of
the labeled ‘‘size’’ or that volume which is to be withdrawn. See
Injections under Pharmaceutical Dosage Forms h1151i.

DETERMINATION OF VOLUME OF INJECTION IN

CONTAINERS

Select one or more containers if the volume of the container is 10
mL or more, three or more if the volume is more than 3 mL and less
than 10 mL, or five or more if the volume is 3 mL or less. Indivi-
dually take up the contents of each container selected into a dry
hypodermic syringe of a rated capacity not exceeding three times
the volume to be measured and fitted with a 21-gauge needle not
less than 2.5 cm (1 inch) in length. Expel any air bubbles from the
syringe and needle, and then discharge the contents of the syringe,
without emptying the needle, into a standardized, dry cylinder
(graduated to contain rather than to deliver the designated vol-
umes) of such size that the volume to be measured occupies at least
40% of the cylinder’s rated volume. Alternatively, the contents of
the syringe may be discharged into a dry, tared beaker, the volume,
in mL, being calculated as the weight, in g, of Injection taken di-
vided by its density. The contents of two, three, or four

&up to five&2S (USP26)

1- or 2-mL containers may be pooled for the measurement, pro-
vided that a separate dry syringe assembly is used for each con-
tainer. The content of containers holding 10 mL or more may be
determined by means of opening them and emptying the contents
directly into the graduated cylinder or tared beaker.
The volume is not less than the labeled volume in the case of

containers examined individually or, in the case of 1- and 2-mL
containers, is not less than the sum of the labeled volumes of the
containers taken collectively.
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For Injections in multiple-dose containers labeled to yield a spe-
cific number of doses of a stated volume, proceed as directed in the
foregoing, using the same number of separate syringes as the num-
ber of doses specified. The volume is such that each syringe deli-
vers not less than the stated dose.
For Injections containing oil, warm the containers, if necessary,

and thoroughly shake them immediately before removing the con-
tents. Cool to 258 before measuring the volume.
For Injections in cartridges or prefilled syringes, assemble the

container with any required accessories such as a needle or plunger.
Following the same procedure as above, and without emptying the
needle, transfer the entire contents of each container to a dry, tared
beaker by slowly and constantly depressing the plunger. Weigh,
and calculate the volume as described above. The volume of each
container is not less than the labeled volume.
For large-volume intravenous solutions, select 1 container, and

transfer the contents into a dry measuring cylinder of such size that
the volume to be measured occupies at least 40% of its rated vol-
ume. The volume is not less than the labeled volume.

&Printing on Ferrules and Cap Overseals

Only cautionary statements are to be printed on the fer-

rules and cap overseals of vials containing an injectable

drug product. A cautionary statement is one intended to pre-

vent an imminent life-threatening situation if the injectable

drug is used inappropriately. Examples of such statements

are the following: ‘‘Warning’’, ‘‘Dilute Before Using’’, ‘‘Pa-

ralyzing Agent’’, ‘‘I.M. Use Only’’, ‘‘Chemotherapy’’, etc.

The printing must be in contrasting color and conspicuous

under ordinary conditions of use. The cautionary statement

may be printed solely on the ferrule, provided the cap over-

seal is constructed so as to allow the cautionary statement

below to be readily legible.&1S (USP27)

(Official October 1, 2005)

Packaging and Storage

The volume of Injection in single-dose containers provides the
amount specified for parenteral administration at one time and in
no case is more than sufficient to permit the withdrawal and admin-
istration of 1 liter.
Preparations intended for intraspinal, intracisternal, or peridural

administration are packaged only in single-dose containers.
Unless otherwise specified in the individual monograph, a multi-

ple-dose container contains a volume of Injection sufficient to per-
mit the withdrawal of not more than 30 mL.
Injections packaged for use as irrigation solutions, for hemofil-

tration or dialysis, or for parenteral nutrition are exempt from the 1-
liter restriction of the foregoing requirements relating to packaging.

Containers for Injections packaged for use as hemofiltration or
irrigation solutions may be designed to empty rapidly and may
contain a volume of more than 1 liter.
Injections labeled for veterinary use are exempt from packaging

and storage requirements concerning the limitation to single-dose
containers and the limitation on the volume of multiple-dose con-
tainers.

BRIEFING

h11i Reference Standards, USP 26 page 1966, page 3005 of
the First Supplement, page 3212 of PF 22(6) [Nov.–Dec. 1996],
page 4500 of PF 23(4) [July–Aug. 1997], page 5180 of PF
23(6) [Nov.–Dec. 1997], page 6925 of PF 24(5) [Aug.–Sept.
1998], page 8222 of PF 25(3) [May–June 1999], page 8561 of
PF 25(4) [July–Aug. 1999], page 8893 of PF 25(5) [Sept.–Oct.
1999], page 9222 of PF 25(6) [Nov.–Dec. 1999], page 218 of
PF 26(1) [Jan.–Feb. 2000], page 471 of PF 26(2) [Mar.–Apr.
2000], page 793 of PF 26(3) [May–June 2000], page 1101 of
PF 26(4) [July–Aug. 2000], page 1369 of PF 26(5) [Sept.–Oct.
2000], page 1606 of PF 26(6) [Nov.–Dec. 2000], page 1832 of
PF 27(1) [Jan.–Feb. 2001], page 2268 of PF 27(2) [Mar.–Apr.
2001], page 2594 of PF 27(3) [May–June 2001], page 2806 of
PF 27(4) [July–Aug. 2001], page 3071 of PF 27(5) [Sept.–Oct.
2001], page 3348 of PF 27(6) [Nov.–Dec. 2001], page 111 of
PF 28(1) [Jan.–Feb. 2002], page 433 of PF 28(2) [Mar.–Apr.
2002], page 839 of PF 28(3) [May–June 2002], page 1224 of
PF 28(4) [July–Aug. 2002], page 1468 of PF 28(5) [Sept.–Oct.
2002], page 1913 of PF 28(6) [Nov.–Dec. 2002], page 163 of
PF 29(1) [Jan.–Feb. 2003], and page 483 of PF 29(2) [Mar.–
Apr. 2003]

(HDQ) RTS—39633-1; 39705-1; 38498-1; 38717-1; 39536-
4; 39747-1

Add the following:

&USP Caprylocaproyl Macrogolglycerides Polyoxylgly-

cerides RS—Store in original container and prevent expo-

sure to air, heat, and moisture.&1S (USP27)

Add the following:

&USP Cefix ime Reso lu t i on Mix ture RS—[To

come.]&1S (USP27)

Add the following:

&USP Cod Liver Oil RS—[To come.]&1S (USP27)

Add the following:

&USP Dibutyl Phthalate RS—[To come.]&1S (USP27)
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Add the following:

&USP Linoleoyl Macrogolglycerides Polyoxylglycerides

RS—Store in original container and prevent exposure to

air, heat, and moisture.&1S (USP27)

Add the following:

&USP Methyl Tricosanoate RS—[To come.]&1S (USP27)

Add the following:

&USP Oleoyl Macrogolglycerides Polyoxylglycerides

RS—Store in original container and prevent exposure to

air, heat, and moisture.&1S (USP27)

Add the following:

&USP Oxaprozin RS—[To come.]&1S (USP27)

Change to read:

&USP Oxybutynin Related Compound A RS

&[phenylcyclohexylglycolic acid]&1S (USP27)

(C14H18O3 234.30)—Dry portion at 1058 for 2 hours. Keep con-
tainer tightly closed. Store in a dry place.&1S (USP26)

Add the following:

&USP Oxybutynin Related Compound B RS [methyl es-

ter of phenylcyclohexylglycolic acid, or CHMME]—[To

come.]&1S (USP27)

Add the following:

&USP Oxybutynin Related Compound C RS [methyl-

ethyl analog of oxybutynin chloride, or 4-(ethylmethylami-

no)-2-butynyl (+) a-phenylcyclohexane glycolate]—[To

come.]&1S (USP27)

Add the following:

&USP Paricalcitol RS.&1S (USP27)

Add the following:

&USP Paricalcitol Solution RS.&1S (USP27)

Add the following:

&USP Tazobactam Sodium—[To come.]&1S (USP27)

Delete the following:
.USP Theophylline Extended-Release Beads RS (Drug Release
Calibrator, Multiple Unit)—Use in conjunction with the h724i
Drug Release Test. The label states the content of theophylline in
each gram of beads. Keep container tightly closed, protected from
light, and avoid exposure to excessive humidity..5

Chemical Tests and Assays

IDENTIFICATION TESTS

BRIEFING

h197i Spectrophotometric Identification Tests, USP 26 page
2054. On the basis of comments received, it is proposed to revise
the Infrared Absorption section of this general test chapter to allow
identification testing using the attenuated total reflectance (ATR)
technique and infrared microscopy analysis. Other minor editorial
changes are made.

(PA4: H. Pappa) RTS—32600-1

Change to read:

INFRARED ABSORPTION

Four

&Six &1S (USP27)

methods are indicated for the preparation of previously dried test
specimens and Reference Standards for analysis. The reference
h197Ki in a monograph signifies that the substance under exami-
nation is mixed intimately with potassium bromide. The reference
h197Mi in a monograph signifies that the substance under exam-
ination is finely ground and dispersed in mineral oil. The reference
h197Fi in a monograph signifies that the substance under examina-
tion is suspended neat between suitable (for example, sodium chlo-
ride or potassium bromide) plates. The reference h197Si signifies
that a solution of designated concentration is prepared in the sol-
vent specified in the individual monograph, and the solution is ex-
amined in 0.1-mm cells unless a different cell path length is
specified in the individual monograph.

&The reference h197Ai signifies that the substance under ex-

amination is intimately in contact with an internal reflection

element for attenuated total reflectance (ATR) analysis. The

reference h197Ei signifies that the substance under exami-

nation is pressed as a thin sample against a suitable plate for

infrared microscopic analysis. The ATR h197Ai and the

h197Ei techniques can be used as alternative methods for

h197Ki, h197Mi, h197Fi, and h197Si where testing is per-

formed qualitatively and the Reference Standard spectra are

similarly obtained.&1S (USP27)
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Record the spectra of the test specimen and the corresponding
USP Reference Standard over the range from about 2.6 mm to 15
mm (3800 cm–1 to 650 cm–1) unless otherwise specified in the indi-
vidual monograph. The IR absorption spectrum of the preparation
of the test specimen, previously dried under conditions specified
for the corresponding Reference Standard unless otherwise speci-
fied, or unless the Reference Standard is to be used without drying,
exhibits maxima only at the same wavelengths as that of a similar
preparation of the corresponding USP Reference Standard.
Differences that may be observed in the spectra so obtained

sometimes are attributed to the presence of polymorphs, which
are not always acceptable (see Procedure under Spectrophotometry
and Light-Scattering h851i). Unless otherwise directed in the indi-
vidual monograph, therefore, continue as follows. If a difference
appears in the IR spectra of the analyte and the standard, dissolve
equal portions of the test specimen and the Reference Standard in
equal volumes of a suitable solvent, evaporate the solution to dry-
ness in similar containers under identical conditions, and repeat the
test on the residues.

LIMIT TESTS

BRIEFING

h267i Porosimetry by Mercury Intrusion, page 1290 of PF
28(4) [July–Aug. 2002]. This new general test chapter, which was
previously presented in Pharmacopeial Previews, is now for-
warded to In-Process Revision, with revisions initiated by public
and internal comment: a section on safety is added because of
the toxicity of mercury; clarification is made regarding the evalua-
tion of the intrusion plot; and other changes are made for clarifica-
tion.

(ETM: J. Lane) RTS—39669-1

Add the following:

&h267i POROSIMETRY BY
MERCURY INTRUSION

Porous materials may take the form of powders, com-

pacts, extrudates, sheets, or monoliths. The pores may be

pictured as apertures, channels, or cavities within a solid

mass, or as space between solid particles. Mercury porosi-

metry is a suitable method for the characterization of mate-

rials with pores in the approximate diameter range of 0.003

mm to 400 mm.

In this technique the volume of mercury penetrating a

pore or void is determined as a function of an applied hydro-

static pressure, which can be related to a pore diameter.

The technique can only be used with substances that are

nonwettable and that do not interact with substances that re-

act with mercury. Wettable or amalgam-forming solids can

be prepared for the technique by a preliminary passivation

of the surface. Because of the pressures to be applied, use of

the technique with readily compressible materials and with

materials whose closed pores may break up is limited.

The technique is based on the measurement of the mer-

cury volume intruded into a porous solid as a function of

the applied pressure. The measurement includes only those

pores into which mercury can penetrate at the pressure ap-

plied.

A nonwetting liquid penetrates into a porous system only

under pressure. The pressure applied is in inverse proportion

to the inner width of the pore aperture. In the case of cylind-

rical pores, the correlation between pore diameter and pres-

sure is given by the Washburn equation:

p = applied pressure, in megapascals,

dp = pore diameter, in micrometers,

� = surface tension of mercury, in newtons

per meter, and

� = contact angle of mercury on the sample,

in degrees.

SAFETY

Mercury is toxic. Appropriate precautions must be ob-

served to safeguard the health of the operator and others

working in the area. Waste materials must also be disposed

of in a suitable manner, according to local regulations.
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APPARATUS

The sample holder, referred to as a penetrometer or dilat-

ometer, has a calibrated capillary tube through which the

sample can be evacuated and through which mercury can

enter. The capillary tube is attached to a wider tube in which

the test sample is placed. The change in the volume of mer-

cury intruded is usually measured by the change in capaci-

tance between the mercury column in the capillary tube and

a metal sleeve around the outside of the capillary tube. A

typical setup for a mercury porosimeter instrument is given

in Figure 1. The porosimeter may have separate units or

ports for high and low pressure operation.

Fig. 1. Example of the setup of a mercury porosimeter instrument

PROCEDURE

Sample Preparation

The sample is pretreated to remove adsorbed material that

can obscure its accessible porosity, for example by heating

or evacuation, or both, or by flowing inert gas.

It may be possible to passivate the surface of wettable or

amalgam-forming solids, for example by producing a thin

layer of oxide or by coating with stearate. The sample of

the pretreated solid is weighed and transferred to the penet-

rometer. The pore system of the sample is then degassed in a

vacuum to a maximum residual pressure of 7 Pa.

Measurement of Macropore Distribution

Use mercury of analytical quality. The sample is overlaid

with mercury under a vacuum. Slowly increase the pressure

in a controlled manner record the change in the length of the

mercury column in the capillary tube while recording the

volume of mercury intruded into the sample. When the max-

imum required pressure has been reached, reduce the pres-

sure to ambient.

Measurement of Micropore and Mesopore Distribution

After measurement of macropore distribution, the penet-

rometer is transferred to the high pressure unit of the instru-
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ment and then overlaid with hydraulic fluid. Mercury is in-

truded into the pore system either in stages or gradually via

the hydraulic fluid. Measure the fall in the mercury column

volume of mercury intruded up to the maximum required

pressure. If necessary, the pressure may be decreased either

in stages or gradually to determine the mercury extrusion

curve.

Corrections are made to take account of changes in the

volume of the mercury, the penetrometer, and other compo-

nents of the volume detector system under elevated pres-

sure. The extent of the corrections may be determined by

means of blank measurements under the same conditions.

An experimentally determined volume–pressure curve is

shown in Figure 2.

Fig. 2. Volume–pressure curve as semilogarithmic plot

EVALUATION

The pressure readings are to be converted to pore dia-

meter by means of equation (1).

The surface tension of mercury, �, depends not only on

the temperature and the material, but also—in the case of

markedly curved surface areas—on the radius of curvature.

In general, values between 0.41 N �m-1 and 0.52 N �m-1 are

measured at room temperature. If the value is not known, �

= 0.48 N �m-1 can be used.

The contact angle of mercury, �, in most cases is more

than 908. It may be determined using a contact angle instru-

ment. If the � value is not known, 1408 can be used.

The total pore (or void) volume of the sample is taken as

the maximum intrusion volume, usually attained at the max-

imum applied pressure (after any blank corrections). The

surface area of the pores (and by extension, the sample)

can also be derived from the intrusion plot.

Plot the intruded differential intrusion volume in relation

to the sample mass on the y-axis as a function of the pore

diameter along the x-axis to give the pore size distribution

(see Figure 3). It is appropriate here to choose a logarithmic

scale for the x-axis.

Fig. 3. Pore volume distribution as semilogarithmic plot

The spaces between the particles of the solid sample are

included as pores in the calculation. Extrusion curves may

not be used for calculating the pore size distribution (for

hysteresis, see Figure 2), because an intruded part of the

mercury always remains in the pore system. The retention

ratio may be useful for the qualitative characterization of

pores that are only accessible via narrow openings (‘‘ink-

bottle pores’’).&1S (USP27)
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Physical Tests and
Determinations

BRIEFING

h724i Drug Release, USP 26 page 2157. It is proposed to elim-
inate the requirement to determine the suitability of Apparatus 3
(Reciprocating Cylinder) using USP Theophylline Extended-
Release Beads RS (Drug Release Calibrator, Multiple Unit). This
revision is based on information obtained indicating that this Ref-
erence Standard provides insufficient additional control on the op-
eration of Apparatus 3 over what is given by USP Chlorphenir-
amine Extended-Release Tablets RS to support continued use.
USP will continue to explore new methods and products that can
improve the demonstration of suitability of drug release test appa-
ratuses. It is also proposed to correct the product reference given in
Footnote 3 under Procedure for Apparatus 5 (Paddle Over Disk)
and Apparatus 6 (Cylinder). In the absence of any significant ad-
verse comment, it is proposed to implement these revisions via the
Fifth Interim Revision Announcement pertaining to USP 26–NF
21, with an official date of October 1, 2003.

(BPC: W. Brown) RTS—39642-1; 39747-1

Change to read:

EXTENDED-RELEASE ARTICLES—
GENERAL DRUG RELEASE STANDARD

Apparatus 1 and Apparatus 2

Apparatus—Proceed as directed under Dissolution h711i.
Apparatus Suitability Test, Dissolution Medium, and Proce-

dure—Proceed as directed under Dissolution h711i.
Time—The test-time points, generally three, are expressed in

hours. Specimens are to be withdrawn within a tolerance of
+2% of the stated time.
Interpretation—Unless otherwise specified in the individual

monograph, the requirements are met if the quantities of active in-
gredient dissolved from the units tested conform to Acceptance Ta-
ble 1. Continue testing through the three levels unless the results
conform at either L1 or L2. Limits on the amounts of active ingre-
dient dissolved are expressed in terms of the percentage of labeled
content. The limits embrace each value ofQi, the amount dissolved
at each specified fractional dosing interval. Where more than one
range is specified in the individual monograph, the acceptance cri-
teria apply individually to each range.

Acceptance Table 1

Level
Number
Tested Criteria

L1 6 No individual value lies outside each
of the stated ranges and no individual
value is less than the stated amount at
the final test time.

L2 6 The average value of the 12 units (L1 +
L2) lies within each of the stated ranges
and is not less than the stated amount
at the final test time; none is more than
10% of labeled content outside each of
the stated ranges; and none is more
than 10% of labeled content below
the stated amount at the final test time.

L3 12 The average value of the 24 units (L1 +
L2 + L3) lies within each of the stated
ranges, and is not less than the stated
amount at the final test time; not more
than 2 of the 24 units are more than
10% of labeled content outside each
of the stated ranges; not more than 2
of the 24 units are more than 10% of
labeled content below the stated
amount at the final test time; and none
of the units is more than 20% of la-
beled content outside each of the sta-
ted ranges or more than 20% of
labeled content below the stated
amount at the final test time.

Apparatus 3 (Reciprocating Cylinder)

Apparatus—The assembly consists of a set of cylindrical, flat-
bottomed glass vessels; a set of glass reciprocating cylinders; stain-
less steel fittings (type 316 or equivalent) and screens that are made
of suitable nonsorbing and nonreactive material and that are de-
signed to fit the tops and bottoms of the reciprocating cylinders;
and a motor and drive assembly to reciprocate the cylinders verti-
cally inside the vessels and, if desired, index the reciprocating cy-
linders horizontally to a different row of vessels. The vessels are
partially immersed in a suitable water bath of any convenient size
that permits holding the temperature at 37 + 0.58 during the test.
No part of the assembly, including the environment in which the
assembly is placed, contributes significant motion, agitation, or vi-
bration beyond that due to the smooth, vertically reciprocating cy-
linder. A device is used that allows the reciprocation rate to be
selected and maintained at the dip rate specified in the individual
monograph, within + 5%. An apparatus that permits observation
of the specimens and reciprocating cylinders is preferable. The
components conform to the dimensions shown in Figure 1 unless
otherwise specified in the individual monograph.
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Fig. 1. Apparatus 3.
(All measurements are expressed in mm unless noted otherwise.)

USP Reference Standards h11i—USP Chlorpheniramine Ex-
tended-Release Tablets RS (Drug Release Calibrator, Single Unit).
USP Theophylline Extended-Release Beads RS (Drug Release Ca-
librator, Multiple Unit).

.
.5
Apparatus Suitability Test—Individually test 1 tablet of the

USP Drug Release Calibrator Tablets (Single Unit) and a specified
amount of beads of the USP Drug Release Calibrator Beads (Multi-
ple Unit)

.
.5
according to the operation conditions specified. The apparatus is
suitable if the results obtained are within the acceptable range sta-
ted in the certificate for that calibrator in the apparatus tested.
Dissolution Medium—Proceed as directed under Dissolution
h711i.

Procedure—Place the stated volume of theDissolution Medium
in each vessel of the apparatus, assemble the apparatus, equilibrate
the Dissolution Medium to 37 + 0.58, and remove the thermo-
meter. Place 1 dosage-form unit in each of the six reciprocating
cylinders, taking care to exclude air bubbles from the surface of
each dosage-form unit, and immediately operate the apparatus as
specified in the individual monograph. During the upward and
downward stroke, the reciprocating cylinder moves through a total
distance of 9.9 to 10.1 cm. Within the time interval specified, or at
each of the times stated, raise the reciprocating cylinders and with-
draw a portion of the solution under test from a zone midway be-
tween the surface of the Dissolution Medium and the bottom of
each vessel. Perform the analysis as directed in the individual
monograph. If necessary, repeat the test with additional dosage-
form units.
Where capsule shells interfere with the analysis, remove the con-

tents of not fewer than 6 capsules as completely as possible, and
dissolve the empty capsule shells in the specified volume of Dis-
solution Medium. Perform the analysis as directed in the individual
monograph. Make any necessary correction. Correction factors
greater than 25% of the labeled content are unacceptable.
Time and Interpretation—Proceed as directed under Appara-

tus 1 and 2.

Apparatus 4 (Flow-Through Cell)

Apparatus—The assembly consists of a reservoir and a pump
for the Dissolution Medium; a flow-through cell; a water bath that
maintains the Dissolution Medium at 37+ 0.58 (see Figures 2 and
3). The cell size is specified in the individual monograph.

Fig. 2. Large cell for tablets and capsules.
(All measurements are expressed in mm unless noted otherwise.)
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Fig. 2a. Tablet holder for the large cell.
(All measurements are expressed in mm unless noted otherwise.)

Fig. 3. Small cell for tablets and capsules.
(All measurements are expressed in mm unless noted otherwise.)

The pump forces the Dissolution Medium upwards through the
flow-through cell. The pump has a delivery range between 240 and
960 mL per hour, with standard flow rates of 4, 8, and 16 mL per
minute. It must be volumetric to deliver constant flow independent
of flow resistance in the filter device; the flow profile is sinusoidal
with a pulsation of 120 + 10 pulses per minute.
The flow-through cell (see Figures 2 and 3), of transparent and

inert material, is mounted vertically with a filter system (specified
in the individual monograph) that prevents escape of undissolved
particles from the top of the cell; standard cell diameters are 12 and
22.6 mm; the bottom cone is usually filled with small glass beads
of about 1-mm diameter with one bead of about 5 mm positioned at
the apex to protect the fluid entry tube; a tablet holder (see Figures
2a and 3a) is available for positioning of special dosage forms, for
example, inlay tablets. The cell is immersed in a water bath, and the
temperature is maintained at 37 + 0.58.

Fig. 3a. Tablet holder for the small cell.
(All measurements are expressed in mm unless noted otherwise.)

The apparatus uses a clamp mechanism and two O-rings for the
fixation of the cell assembly. The pump is separated from the dis-
solution unit in order to shield the latter against any vibrations ori-
ginating from the pump. The position of the pump should not be on
a level higher than the reservoir flasks. Tube connections are as
short as possible. Use polytef tubing with a 1.6-mm inner diameter
and chemically inert flanged-end connections.
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Apparatus Suitability Test and Dissolution Medium—Pro-
ceed as directed under Dissolution h711i.
Procedure—Place the glass beads into the cell specified in the

monograph. Place 1 dosage-form unit on top of the beads or, if spe-
cified in the monograph, on a wire carrier. Assemble the filter head
and fix the parts together by means of a suitable clamping device.
Introduce by the pump the Dissolution Medium warmed to 37 +
0.58 through the bottom of the cell to obtain the flow rate specified
in the individual monograph and measured with an accuracy of
5%. Collect the eluate by fractions at each of the times stated. Per-
form the analysis as directed in the individual monograph. Repeat
the test with additional dosage-form units.
Where capsule shells interfere with the analysis, remove the con-

tents of not fewer than 6 capsules as completely as possible, and
dissolve the empty capsule shells in the specified volume of Dis-
solution Medium. Perform the analysis as directed in the individual
monograph. Make any necessary correction. Correction factors
greater than 25% of the labeled content are unacceptable.
Time and Interpretation—Proceed as directed under Appara-

tus 1 and 2.

Change to read:

TRANSDERMAL DELIVERY SYSTEMS—
GENERAL DRUG RELEASE STANDARDS

Apparatus 5 (Paddle over Disk)

Apparatus—Use the paddle and vessel assembly from Appara-
tus 2 as described under Dissolution h711i, with the addition of a
stainless steel disk assembly1 designed for holding the transdermal
system at the bottom of the vessel. Other appropriate devices may
be used, provided they do not sorb, react with, or interfere with the
specimen being tested2. The temperature is maintained at 32 +
0.58. A distance of 25 + 2 mm between the paddle blade and
the surface of the disk assembly is maintained during the test.
The vessel may be covered during the test to minimize evaporation.
The disk assembly for holding the transdermal system is designed
to minimize any ‘‘dead’’ volume between the disk assembly and
the bottom of the vessel. The disk assembly holds the system flat
and is positioned such that the release surface is parallel with the
bottom of the paddle blade (see Figure 4).

Fig. 4. Paddle Over Disk.
(All measurements are expressed in mm unless noted otherwise.)

Apparatus Suitability Test and Dissolution Medium—Pro-
ceed as directed for Apparatus 2 under Dissolution h711i.

Procedure—Place the stated volume of theDissolution Medium
in the vessel, assemble the apparatus without the disk assembly,
and equilibrate the medium to 32 + 0.58. Apply the transdermal
system to the disk assembly, assuring that the release surface of the
system is as flat as possible. The system may be attached to the disk
by applying a suitable adhesive3 to the disk assembly. Dry for 1
minute. Press the system, release surface side up, onto the adhe-
sive-coated side of the disk assembly. If a membrane4 is used to

1 Disk assembly (stainless support disk) may be obtained from Millipore
Corp., Ashley Rd., Bedford, MA 01730.
2 A suitable device is the watchglass-patch-polytef mesh sandwich assem-
bly available as the Transdermal SandwichTM from Hanson Research Corp.,
9810 Variel Ave., Chatsworth, CA 91311.

Change to read:
3 Use Dow Corning, 355 Medical Adhesive 18.5% in Freon 113,

.MD7-4502 Silicone Adhesive 65% in ethyl acetate,.5
or the equivalent.
4 Use Cuprophan, Type 150 pm, 11 + 0.5-mm thick, an inert, porous cel-
lulosic material, which is available from Medicell International Ltd., 239
Liverpool Road, London NI ILX, England.
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support the system, it is applied so that no air bubbles occur be-
tween the membrane and the release surface. Place the disk assem-
bly flat at the bottom of the vessel with the release surface facing up
and parallel to the edge of the paddle blade and surface of the Dis-
solution Medium. The bottom edge of the paddle is 25 + 2 mm
from the surface of the disk assembly. Immediately operate the ap-
paratus at the rate specified in the monograph. At each sampling
time interval, withdraw a specimen from a zone midway between
the surface of the Dissolution Medium and the top of the blade, not
less than 1 cm from the vessel wall. Perform the analysis on each
sampled aliquot as directed in the individual monograph, correct-
ing for any volume losses, as necessary. Repeat the test with addi-
tional transdermal systems.
Time—The test time points, generally three, are expressed in

hours. Specimens are to be withdrawn within a tolerance of +15
minutes or+2% of the stated time, the tolerance that results in the
narrowest time interval being selected.
Interpretation—Unless otherwise specified in the individual

monograph, the requirements are met if the quantities of active in-
gredient released from the system conform to Acceptance Table 4
for transdermal drug delivery systems. Continue testing through
the three levels unless the results conform at either L1 or L2.

Acceptance Table 4

Level
Number
Tested Criteria

L1 6 No individual value lies outside the
stated range.

L2 6 The average value of the 12 units (L1 +
L2) lies within the stated range. No in-
dividual value is outside the stated
range by more than 10% of the aver-
age of the stated range.

L3 12 The average value of the 24 units (L1 +
L2 + L3) lies within the stated range.
Not more than 2 of the 24 units are
outside the stated range by more than
10% of the average of the stated range;
and none of the units is outside the sta-
ted range by more than 20% of the
average of the stated range.

Apparatus 6 (Cylinder)

Apparatus—Use the vessel assembly from Apparatus 1 as de-
scribed under Dissolution h711i, except to replace the basket and
shaft with a stainless steel cylinder stirring element and to maintain
the temperature at 32+ 0.58 during the test. The shaft and cylinder
components of the stirring element are fabricated of stainless steel
to the specifications shown in Figure 5. The dosage unit is placed
on the cylinder at the beginning of each test. The distance between
the inside bottom of the vessel and the cylinder is maintained at 25
+ 2 mm during the test.

Fig. 5. Cylinder Stirring Element.5

(All measurements are expressed in cm unless noted otherwise.)

Dissolution Medium—Use the medium specified in the indivi-
dual monograph (see Dissolution h711i).
Procedure—Place the stated volume of the Dissolution Medium

in the vessel of the apparatus specified in the individual mono-
graph, assemble the apparatus, and equilibrate the Dissolution Me-
dium to 32 + 0.58. Unless otherwise directed in the individual
monograph, prepare the test system prior to test as follows. Re-
move the protective liner from the system, and place the adhesive
side on a piece of Cuprophan4 that is not less than 1 cm larger on all
sides than the system. Place the system, Cuprophan covered side
down, on a clean surface, and apply a suitable adhesive

3

to the ex-
posed Cuprophan borders. If necessary, apply additional adhesive
to the back of the system. Dry for 1 minute. Carefully apply the
adhesive-coated side of the system to the exterior of the cylinder
such that the long axis of the system fits around the circumference
of the cylinder. Press the Cuprophan covering to remove trapped
air bubbles. Place the cylinder in the apparatus, and immediately
rotate at the rate specified in the individual monograph. Within the
time interval specified, or at each of the times stated, withdraw a
quantity of Dissolution Medium for analysis from a zone midway
between the surface of the Dissolution Medium and the top of the
rotating cylinder, not less than 1 cm from the vessel wall. Perform
the analysis as directed in the individual monograph, correcting for
any volume losses as necessary. Repeat the test with additional
transdermal drug delivery systems.
Time—Proceed as directed under Apparatus 5.

5 The cylinder stirring element is available from Accurate Tool, Inc., 25
Diaz St., Stamford, CT 06907, or from VanKel Technology Group,
13000 Weston Parkway, Cary, NC 27513.
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Interpretation—Unless otherwise specified in the individual
monograph, the requirements are met if the quantities of active in-
gredient released from the system conform to Acceptance Table 4
for transdermal drug delivery systems. Continue testing through
the three levels unless the results conform at either L1 or L2.

Apparatus 7 (Reciprocating Holder)

NOTE—This apparatus may also be specified for use with a vari-
ety of dosage forms.
Apparatus—The assembly consists of a set of volumetrically

calibrated or tared solution containers made of glass or other suit-
able inert material6, a motor and drive assembly to reciprocate the

system vertically and to index the system horizontally to a different
row of vessels automatically if desired, and a set of suitable sample
holders (see Figure 6 and Figures 7a–7d). The solution containers
are partially immersed in a suitable water bath of any convenient
size that permits maintaining the temperature, T, inside the con-
tainers at 32 + 0.58 or within the allowable range, as specified
in the individual monograph, during the test. No part of the assem-
bly, including the environment in which the assembly is placed,
contributes significant motion, agitation, or vibration beyond that
due to the smooth, vertically reciprocating sample holder. Appara-
tus that permits observation of the system and holder during the test
is preferable. Use the size container and sample holder as specified
in the individual monograph.

Fig. 6. Reciprocating Disk Sample Holder.7

6 The materials should not sorb, react with, or interfere with the specimen
being tested.
7 The reciprocating disk sample holder may be purchased from ALZA
Corp., 1900 Charleston Road, P.O. Box 7210, Mt. View, CA 94039–
7210 or VanKel Technology Group.
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Fig. 7a. Transdermal system holder—angled disk.

Fig. 7b. Transdermal system holder—cylinder.

Fig. 7c. Oral extended-release tablet holder—rod, pointed for gluing.
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Fig. 7d. Oral extended-release tablet holder—spring holder.

Dissolution Medium—Use the Dissolution Medium specified
in the individual monograph (see Dissolution h711i).
Sample Preparation A (Coated tablet drug delivery system)—

Attach each system to be tested to a suitable sample holder (e.g., by
gluing system edge with 2-cyano acrylate glue onto the end of a
plastic rod or by placing the system into a small nylon net bag at
the end of a plastic rod or within a metal coil attached to a metal
rod).
Sample Preparation B (Transdermal drug delivery system)—

Press the system onto a dry, unused piece of Cuprophan4, nylon
netting, or equivalent with the adhesive side against the selected
substrate, taking care to eliminate air bubbles between the substrate
and the release surface. Attach the system to a suitable sized sam-
ple holder with a suitable O-ring such that the back of the system is
adjacent to and centered on the bottom of the disk-shaped sample
holder or centered around the circumference of the cylindrical-
shaped sample holder. Trim the excess substrate with a sharp blade.
Sample Preparation C (Other drug delivery systems)—Attach

each system to be tested to a suitable holder as described in the
individual monograph.
Procedure—Suspend each sample holder from a vertically re-

ciprocating shaker such that each system is continuously immersed
in an accurately measured volume of Dissolution Medium within a
calibrated container pre-equilibrated to temperature, T. Reciprocate
at a frequency of about 30 cycles per minute with an amplitude of
about 2 cm, or as specified in the individual monograph, for the
specified time in the medium specified for each time point. Remove
the solution containers from the bath, cool to room temperature,
and add sufficient solution (i.e., water in most cases) to correct
for evaporative losses. Perform the analysis as directed in the in-
dividual monograph. Repeat the test with additional drug delivery
systems as required in the individual monograph.
Interpretation—Unless otherwise specified in the individual

monograph, the requirements are met if the quantities of the active
ingredients released from the system conform to Acceptance Table
1 for coated tablet drug delivery systems, to Acceptance Table 4 for
transdermal drug delivery systems, or as specified in the individual
monograph. Continue testing through the three levels unless the
results conform at either L1 or L2.

BRIEFING

h851i Spectrophotometry and Light-Scattering, USP 26 page
2219. On the basis of comments received, it is proposed to revise
the wording under Test Preparation in the section Absorption
Spectrophotometry of the Procedure to incorporate the use of in-
frared microscopy analysis. Editorial style changes, including a re-
organization of the Procedure section, have also been made.

(PA4:H. Pappa) RTS—32600-3

Change to read:

PROCEDURE

Absorption Spectrophotometry

Detailed instructions for operating spectrophotometers are sup-
plied by the manufacturers. To achieve significant and valid results,
the operator of a spectrophotometer should be aware of its limita-
tions and of potential sources of error and variation. The instruction
manual should be followed closely on such matters as care, clean-
ing, and calibration of the instrument, and techniques of handling
absorption cells, as well as instructions for operation. The follow-
ing points require special emphasis.
Check the instrument for accuracy of calibration. Where a con-

tinuous source of radiant energy is used, attention should be paid to
both the wavelength and photometric scales; where a spectral line
source is used, only the photometric scale need be checked. A
number of sources of radiant energy have spectral lines of suitable
intensity, adequately spaced throughout the spectral range selected.
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The best single source of UV and visible calibration spectra is the
quartz-mercury arc, of which the lines at 253.7, 302.25, 313.16,
334.15, 365.48, 404.66, and 435.83 nm may be used. The glass-
mercury arc is equally useful above 300 nm. The 486.13-nm and
656.28-nm lines of a hydrogen discharge lamp may be used also.
The wavelength scale may be calibrated also by means of suitable
glass filters, which have useful absorption bands through the visi-
ble and UV regions. Standard glasses containing didymium (a mix-
ture of praseodymium and neodymium) have been used widely,
although glasses containing holmium were found to be superior.
More recently, standard holmium oxide solution has superseded
the use of holmium glass.1 The wavelength scales of near-IR and
IR spectrophotometers are readily checked by the use of absorption
bands provided by polystyrene films, carbon dioxide, water vapor,
or ammonia gas.
For checking the photometric scale, a number of standard inor-

ganic glass filters as well as standard solutions of known transmit-
tances such as potassium chromate or potassium dichromate are
available.2

Quantitative absorbance measurements usually are made on so-
lutions of the substance in liquid-holding cells. Since both the sol-
vent and the cell window absorb light, compensation must be made
for their contribution to the measured absorbance. Matched cells
are available commercially for UV and visible spectrophotometry
for which no cell correction is necessary. In IR spectrophotometry,
however, corrections for cell differences usually must be made. In
such cases, pairs of cells are filled with the selected solvent and the
difference in their absorbances at the chosen wavelength is deter-
mined. The cell exhibiting the greater absorbance is used for the
solution of the test specimen and the measured absorbance is cor-
rected by subtraction of the cell difference.
With the use of a computerized Fourier transform IR system, this

correction need not be made, since the same cell can be used for
both the solvent blank and the test solution. However, it must be
ascertained that the transmission properties of the cell are constant.
Comparisons of a test specimen with a Reference Standard are

best made at a peak of spectral absorption for the compound con-
cerned. Assays prescribing spectrophotometry give the commonly
accepted wavelength for peak spectral absorption of the substance
in question. It is known that different spectrophotometers may
show minor variation in the apparent wavelength of this peak.
Good practice demands that comparisons be made at the wave-
length at which peak absorption occurs. Should this differ by more
than+1 nm from the wavelength specified in the individual mono-
graph, recalibration of the instrument may be indicated.

TEST PREPARATION

For determinations utilizing UV or visible spectrophotometry,
the specimen generally is dissolved in a solvent. Unless otherwise
directed in the monograph, determinations are made at room tem-

perature using a path length of 1 cm. Many solvents are suitable for
these ranges, including water, alcohols, chloroform, lower hydro-
carbons, ethers, and dilute solutions of strong acids and alkalies.
Precautions should be taken to utilize solvents free from contami-
nants absorbing in the spectral region being used. It is usually ad-
visable to use water-free methanol or alcohol, or alcohol denatured
by the addition of methanol but not containing benzene or other
interfering impurities, as the solvent. Solvents of special spectro-
photometric quality, guaranteed to be free from contaminants, are
available commercially from several sources. Some other analyti-
cal reagent-grade organic solvents may contain traces of impurities
that absorb strongly in the UV region. New lots of these solvents
should be checked for their transparency, and care should be taken
to use the same lot of solvent for preparation of the test solution
and the standard solution and for the blank.
No solvent in appreciable thickness is completely transparent

throughout the near-IR and IR spectrum. Carbon tetrachloride
(up to 5 mm in thickness) is practically transparent to 6 mm
(1666 cm–1). Carbon disulfide (1 mm in thickness) is suitable as
a solvent to 40 mm (250 cm–1) with the exception of the 4.2-mm
to 5.0-mm (2381-cm–1 to 2000-cm–1) and the 5.5-mm to 7.5-mm
(1819-cm–1 to 1333-cm–1) regions, where it has strong absorption.
Other solvents have relatively narrow regions of transparency. For
IR spectrophotometry, an additional qualification for a suitable sol-
vent is that it must not affect the material, usually sodium chloride,
of which the cell is made. The test specimen may also be prepared
by dispersing the finely ground solid specimen in mineral oil or by
mixing it intimately with previously dried alkali halide salt (usually
potassium bromide). Mixtures with alkali halide salts may be ex-
amined directly or as transparent disks or pellets obtained by press-
ing the mixture in a die. Typical drying conditions for potassium
bromide are 1058 in vacuum for 12 hours, although grades are
commercially available that require no drying. A

&Infrared microscopy or a&1S (USP27)

mineral oil dispersion is preferable where disproportionation be-
tween the alkali halide and the test specimen is encountered. For
suitable materials the test specimen may be

&prepared neat as a thin sample for infrared microscopy

or&1S (USP27)

suspended neat as a thin film

&for mineral oil dispersion.&1S (USP27)

For Raman spectrometry, most common solvents are suitable, and
ordinary (nonfluorescing) glass specimen cells can be used. The IR
region of the electromagnetic spectrum extends from 0.8 to 400
mm. From 800 to 2500 nm (0.8 to 2.5 mm) is generally considered
to be the near-IR (NIR) region; from 2.5 to 25 mm (4000 to 400
cm–1) is generally considered to be the mid-range (mid-IR) region;
and from 25 to 400 mm is generally considered to be the far-IR
(FIR) region. Unless otherwise specified in the individual mono-
graph, the region from 3800 to 650 cm–1 (2.6 to 15 mm) should
be used to ascertain compliance with monograph specifications
for IR absorption.
Where values for IR line spectra are given in an individual

monograph, the letters s, m, and w signify strong, medium, and
weak absorption, respectively; sh signifies a shoulder, bd signifies
a band, and v means very. The values may vary as much as 0.1 mm
or 10 cm–1, depending upon the particular instrument used. Poly-
morphism gives rise to variations in the IR spectra of many com-
pounds in the solid state. Therefore, when conducting IR
absorption tests, if a difference appears in the IR spectra of the ana-
lyte and the standard, dissolve equal portions of the test substance
and the standard in equal volumes of a suitable solvent, evaporate
the solutions to dryness in similar containers under identical con-
ditions, and repeat the test on the residues.

1 Certified holmium oxide solution, SRM #2034, (wavelength standard
from 240 to 650 nm) may be obtained from the National Institute of Stan-
dards and Technology (NIST), Gaithersburg, MD 20899: ‘‘Spectral Trans-
mittance Characteristics of Holmium Oxide in Perchloric Acid,’’ J. Res.
Natl. Bur. Stds. 90, No. 2, 115 (1985). Certified holmium oxide glasses
are no longer available. Holmium oxide filters, without certification, are
available from Kopp Glass Inc., Pittsburgh, PA 15218. The performance
of an uncertified filter should be checked against a certified standard.
2 For further detail regarding checks on both the wavelength and photo-
metric scales of a spectrophotometer, reference may be made to the follow-
ing NIST publications: SRM #93le ‘‘Liquid Absorbance Standard for UV
and Vis Spectrophotometry,’’ J. Res. Natl. Bur. Stds. 76A, 405 and 469
(1972); SRM #930e ‘‘Glass Filters for Spectrophotometry—for verification
of the transmittance and absorbance scales of spectrophotometry in the visi-
ble spectral domain (10%T, 20%T, 30%T),’’ NIST Spec. Publ. 260-116
(1994).
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In NIR spectroscopy much of the current interest centers around
the ease of analysis. Samples can be analyzed in powder form or by
means of reflectance techniques, with little or no preparation. Com-
pliance with in-house specifications can be determined by compu-
terized comparison of spectra with spectra previously obtained
from reference materials. Many pharmaceutical materials exhibit
low absorptivity in this spectral region, which allows incident
near-IR radiation to penetrate samples more deeply than UV, visi-
ble, or IR radiation. NIR spectrophotometry may be used to ob-
serve matrix modifications and, with proper calibration, may be
used in quantitative analysis.
In atomic absorption spectrophotometry, the nature of the sol-

vent and the concentration of solids must be given special consid-
eration. An ideal solvent is one that interferes to a minimal extent
in the absorption or emission processes and one that produces neu-
tral atoms in the flame. If there is a significant difference between
the surface tension or viscosity of the test solution and standard
solution, the solutions are aspirated or atomized at a different rate,
causing significant differences in the signals generated. The acid
concentration of the solutions also affects the absorption processes.
Thus, the solvents used in preparing the test specimen and the stan-
dard should be the same or as much alike in these respects as pos-
sible, and should yield solutions that are easily aspirated via the
specimen tube of the burner-aspirator. Since undissolved solids
present in the solutions may give rise to matrix or bulk interfer-
ences, the total undissolved solids content in all solutions should
be kept below 2% wherever possible.

CALCULATIONS

The application of absorption spectrophotometry in an assay or a
test generally requires the use of a Reference Standard. Where such
a measurement is specified in an assay, a formula is provided in
order to permit calculation of the desired result. A numerical con-
stant is frequently included in the formula. The following deriva-
tion is provided to introduce a logical approach to the deduction of
the constants appearing in formulas in the assays in many mono-
graphs.
The Beer’s law relationship is valid for the solutions of both the

Reference Standard (S) and the test specimen (U):

(1) AS = abCS

(2) AU = abCU

in which AS is the absorbance of the Standard solution of concen-
tration CS, and AU is the absorbance of the test specimen solution of
concentration CU. If CS and CU are expressed in the same units and
the absorbances of both solutions are measured in matching cells
having the same dimensions, the absorptivity, a, and the cell thick-
ness, b, are the same; consequently, the two equations may be com-
bined and rewritten to solve for CU:

(3) CU = CS(AU / AS).

Quantities of solid test specimens to be taken for analysis are
generally specified in mg. Instructions for dilution are given in
the assay and, since dilute solutions are used for absorbance mea-
surements, concentrations are usually expressed for convenience in
units of mg per mL. Taking a quantity, in mg, of a test specimen of a
drug substance or solid dosage form for analysis, it therefore fol-
lows that a volume (VU), in liters, of solution of concentration CU

may be prepared from the amount of test specimen that contains a
quantity WU, in mg, of the drug substance [NOTE—CU is numeri-
cally the same whether expressed as mg per mL or mg per liter],
such that:

(4) WU = VUCU.

The form in which the formula appears in the assay in a monograph
for a solid article may be derived by substituting CU of equation (3)
into equation (4). In summary, the use of equation (4), with due
consideration for any unit conversions necessary to achieve equal-
ity in equation (5), permits the calculation of the constant factor
(VU) occurring in the final formula.

(5) WU = VUCS(AU / AS).

The same derivation is applicable to formulas that appear in
monographs for liquid articles that are assayed by absorption spec-
trophotometry. For liquid dosage forms, results of calculations are
generally expressed in terms of the quantity, in mg, of drug sub-
stance in each mL of the article. Thus it is necessary to include
in the denominator an additional term, the volume (V), in mL, of
the test preparation taken.
Assays in the visible region usually call for comparing concom-

itantly the absorbance produced by the Assay preparation with that
produced by a Standard preparation containing approximately an
equal quantity of a USP Reference Standard. In some situations, it
is permissible to omit the use of a Reference Standard. This is true
where spectrophotometric assays are made with routine frequency,
and where a suitable standard curve is available, prepared with the
respective USP Reference Standard, and where the substance as-
sayed conforms to Beer’s law within the range of about 75% to
125% of the final concentration used in the assay. Under these cir-
cumstances, the absorbance found in the assay may be interpolated
on the standard curve, and the assay result calculated therefrom.
Such standard curves should be confirmed frequently, and al-

ways when a new spectrophotometer or new lots of reagents are
put into use.
In spectrophotometric assays that direct the preparation and use

of a standard curve, it is permissible and preferable, when the assay
is employed infrequently, not to use the standard curve but to make
the comparison directly against a quantity of the Reference Stan-
dard approximately equal to that taken of the specimen, and simi-
larly treated.

Fluorescence Spectrophotometry

The measurement of fluorescence is a useful analytical techni-
que. Fluorescence is light emitted from a substance in an excited
state that has been reached by the absorption of radiant energy. A
substance is said to be fluorescent if it can be made to fluoresce.
Many compounds can be assayed by procedures utilizing either
their inherent fluorescence or the fluorescence of suitable deriva-
tives.
Test specimens prepared for fluorescence spectrophotometry are

usually one-tenth to one-hundredth as concentrated as those used
in absorption spectrophotometry, for the following reason. In ana-
lytical applications, it is preferable that the fluorescence signal be
linearly related to the concentration; but if a test specimen is too
concentrated, a significant part of the incoming light is absorbed
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by the specimen near the cell surface, and the light reaching the
center is reduced. That is, the specimen itself acts as an ‘‘inner fil-
ter.’’ However, fluorescence spectrophotometry is inherently a
highly sensitive technique, and concentrations of 10–5 M to 10–7

M frequently are used. It is necessary in any analytical procedure
to make a working curve of fluorescence intensity versus concen-
tration in order to establish a linear relationship. All readings
should be corrected for a solvent blank.
Fluorescence measurements are sensitive to the presence of dust

and other solid particles in the test specimen. Such impurities may
reduce the intensity of the exciting beam or give misleading high
readings because of multiple reflections in the specimen cell. It is,
therefore, wise to eliminate solid particles by centrifugation; filtra-
tion also may be used, but some filter papers contain fluorescent
impurities.
Temperature regulation is often important in fluorescence spec-

trophotometry. For some substances, fluorescence efficiency may
be reduced by as much as 1% to 2% per degree of temperature rise.
In such cases, if maximum precision is desired, temperature-con-
trolled specimen cells are useful. For routine analysis, it may be
sufficient to make measurements rapidly enough so that the speci-
men does not heat up appreciably from exposure to the intense
light source. Many fluorescent compounds are light-sensitive. Ex-
posed in a fluorometer, they may be photo-degraded into more or
less fluorescent products. Such effects may be detected by obser-
ving the detector response in relationship to time, and may be re-
duced by attenuating the light source with filters or screens.
Change of solvent may markedly affect the intensity and spectral

distribution of fluorescence. It is inadvisable, therefore, to alter the
solvent specified in established methods without careful prelimi-
nary investigation. Many compounds are fluorescent in organic
solvents but virtually nonfluorescent in water; thus, a number of
solvents should be tried before it is decided whether or not a com-
pound is fluorescent. In many organic solvents, the intensity of
fluorescence is increased by elimination of dissolved oxygen,
which has a strong quenching effect. Oxygen may be removed
by bubbling an inert gas such as nitrogen or helium through the
test specimen.
A semiquantitative measure of the strength of fluorescence is gi-

ven by the ratio of the fluorescence intensity of a test specimen and
that of a standard obtained with the same instrumental settings.
Frequently, a solution of stated concentration of quinine in 0.1 N
sulfuric acid or fluorescein in 0.1 N sodium hydroxide is used as a
reference standard.

Light-Scattering

Turbidity can be measured with a standard photoelectric filter
photometer or spectrophotometer, preferably with illumination in
the blue portion of the spectrum. Nephelometric measurements re-
quire an instrument with a photocell placed so as to receive scat-
tered rather than transmitted light; this geometry applies also to

fluorometers, so that, in general, fluorometers can be used as ne-
phelometers, by proper selection of filters. A ratio turbidimeter
combines the technology of 908 nephelometry and turbidimetry:
it contains photocells that receive and measure scattered light at
a 908 angle from the sample as well as receiving and measuring
the forward scatter in front of the sample; it also measures light
transmitted directly through the sample. Linearity is attained by
calculating the ratio of the 908 angle scattered light measurement
to the sum of the forward scattered light measurement and the
transmitted light measurement. The benefit of using a ratio turbidi-
metry system is that the measurement of stray light becomes neg-
ligible.
In practice, it is advisable to ensure that settling of the particles

being measured is negligible. This is usually accomplished by in-
cluding a protective colloid in the liquid suspending medium. It is
important that results be interpreted by comparison of readings
with those representing known concentrations of suspended matter,
produced under precisely the same conditions.
Turbidimetry or nephelometry may be useful for the measure-

ment of precipitates formed by the interaction of highly dilute so-
lutions of reagents, or other particulate matter, such as suspensions
of bacterial cells. In order that consistent results may be achieved,
all variables must be carefully controlled. Where such control is
possible, extremely dilute suspensions may be measured.
The specimen solute is dissolved in the solvent at several differ-

ent accurately known concentrations, the choice of concentrations
being dependent on the molecular weight of the solute and ranging
from 1% forMw = 10,000 to 0.01% forMw = 1,000,000. Each solu-
tion must be very carefully cleaned before measurement by re-
peated filtration through fine filters. A dust particle in the
solution vitiates the intensity of the scattered light measured. A cri-
terion for a clear solution is that the dissymmetry, 458/1358 scat-
tered intensity ratio, has attained a minimum.
The turbidity and refractive index of the solutions are measured.

From the general 908 light-scattering equation, a plot of HC/� ver-
sus C is made and extrapolated to infinite dilution, and the weight-
average molecular weight,M, is calculated from the intercept, 1/M.

Visual Comparison

Where a color or a turbidity comparison is directed, color-com-
parison tubes that are matched as closely as possible in internal dia-
meter and in all other respects should be used. For color
comparison, the tubes should be viewed downward, against a white
background, with the aid of a light source directed from beneath
the bottoms of the tubes, while for turbidity comparison the tubes
should be viewed horizontally, against a dark background, with the
aid of a light source directed from the sides of the tubes.
In conducting limit tests that involve a comparison of colors in

two like containers (e.g., matched color-comparison tubes), a suit-
able instrument, rather than the unaided eye, may be used.
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GENERAL CHAPTERS

General Information

BRIEFING

h1072i Disinfectants and Antiseptics, page 143 of PF 28(1)
[Jan.–Feb. 2001]. This proposed new chapter, which previously
appeared in Pharmacopeial Previews, is now forwarded to In-Pro-
cess Revision with the following changes based on comments re-
ceived:
1. The introductory section has been clarified as to the scope of

the chapter.
2. A number of the definitions have been expanded and clarified.
3. Sodium Hypochlorite was added to Table 4.
4. The sectionsMicrobial Resistance to Disinfectants and Disin-

fectant Challenge Testing have been expanded and clarified.
5. The section Disinfectants in a Cleaning and Sanitization Pro-

gram has undergone substantial revision to clarify the concept
of disinfectant rotation.

6. Numerous editorial changes have been made to simplify the
text and improve comprehensibility.

(AMB: D. Porter) RTS—39332-1

Add the following:

&h1072i DISINFECTANTS AND
ANTISEPTICS

INTRODUCTION

A sound cleaning and sanitization program is needed to

prevent the microbial contamination of Pharmacopeial arti-

cles in controlled environments used for manufacture. Ster-

i le drug products may be contaminated via their

pharmaceutical ingredients, process water, packaging com-

ponents, manufacturing environment, processing equip-

ment, and manufacturing operators. Current Good

Manufacturing Practices (cGMPs) emphasize the size, de-

sign, construction, and location of buildings and construc-

tion materials, and the appropriate material flow to

facilitate cleaning, maintenance, and proper operations for

the manufacture of drug products. When disinfectants are

used in a manufacturing environment, care must should be

taken to prevent the drug product from becoming contami-

nated with chemical disinfectants as a result of the inherent

toxicity of the disinfectants. The requirements for aseptic

processing include readily cleanable floors, walls, and ceil-

ings that have smooth and nonporous surfaces; particulate,

temperature, and humidity controls; and cleaning and disin-

fecting procedures to produce and maintain aseptic condi-

tions. The cleaning and sanitization program must should

achieve specified cleanliness standards, control microbial

contamination of products, and be designed to prevent the

chemical contamination of pharmaceutical ingredients, pro-

duct-contact surfaces and/or equipment, packaging materi-

als, and ultimately the drug products. These principles

also apply to nonsterile dosage forms where the microbial

contamination is controlled by the selection of appropriate

pharmaceutical ingredients, utilities, manufacturing envir-

onments, sound equipment cleaning procedures, products

especially formulated to control water activity, inclusion

of suitable preservatives, and product packaging design.

In addition to disinfectants, antiseptics are used to decon-

taminate human skin and exposed tissue and may be used by

personnel prior to entering the manufacturing area. Chemi-

cal sterilants may be used to decontaminate surfaces in man-

ufacturing and sterility testing areas. Furthermore, sterilants

may be used for the sterilization of Pharmacopeial articles,

and UV irradiation may be used as a surface sanitizer.
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This general information chapter will discuss the selection

of suitable chemical disinfectants and antiseptics; the de-

monstration of their bactericidal, fungicidal, and sporicidal

efficacy; the application of disinfectants in the sterile phar-

maceutical manufacturing area; and regulation and safety

considerations. Biofilm formation and its relationship to dis-

infectants are outside the scope of this chapter. Additional

information not covered in the chapter may be obtained

from standard texts on disinfectants and antiseptics.1

DEFINITIONS

Antiseptic—An agent that inhibits or destroys microor-

ganisms on living tissue including skin, oral cavities, and

open wounds.

Chemical disinfectant—A chemical agent used on inan-

imate surfaces and objects to destroy infectious fungi,

viruses, and bacteria, but not necessarily their spores. Spor-

icidal and antiviral agents are may be considered a special

classes class of disinfectants.

Cleaning agent—An agent for the removal from facility

and equipment surfaces of product residues that may inacti-

vate sanitizing agents or harbor microorganisms.

Decontamination—The removal of microorganisms by

disinfection or sterilization.

Disinfectant—A chemical or physical agent that destroys

or removes vegetative forms of harmful microorganisms

when applied to a surface.

Sanitizing agent—An agent for reducing, on inanimate

surfaces, the number of all forms of microbial life including

fungi, viruses, and all forms of bacteria and their spores.

Sporicidal agent—An agent that destroys bacterial and

fungal spores when used in sufficient concentration for a

specified contact time. It is expected to kill all other vegeta-

tive microorganisms.

Sterilant—An agent that destroys all forms of microbial

life including fungi, viruses, and all forms of bacteria and

their spores. Sterilants are liquid or vapor-phase agents.

Microorganisms differ greatly in their resistance to disin-

fection agents. The order of resistance of clinically signifi-

cant microorganisms to chemical disinfectants from most to

least resistant is listed in Table 1.

Table 1. The Resistance of Some Clinically Important

Microorganisms to Chemical Disinfectants (Listed in

Order of Decreasing Resistance)

Type of

Microorganisms

Examples

Bacterial spores Bacillus subtilis and Clostridium

sporogenes

Mycobacteria Mycobacteria tuberculosis

Nonlipid-

coated viruses

Poliovirus and rhinovirus

Fungi Trichophyton, Cryptococcus, and

Candida spp.

Vegetative bacteria Pseudomonas aeruginosa, Staphy-

lococcus aureus, and

Salmonella spp.

Lipid-coated viruses Herpes simplex virus, hepatitis B

virus, and human immunodefi-

ciency virus

1 Ascenzi, J.M., Ed. Handbook of Disinfectants and Anti-
septics, 5th ed.; Marcel Dekker: New York, 1995; Block,
S.S., Ed. Disinfection, Sterilization, and Preservation, 5th

ed.; Lippincott Williams & Wilkins Publishers: Philadel-
phia, 2000. Russell, A.D.; Hugo, W.B.; Ayliffe, G.A.J.,
Eds. Principles and Practices of Disinfection, Preservation
and Sterilization, 3rd ed.; Blackwell Science Inc.: London,
1999.
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CLASSIFICATION OF DISINFECTANTS

Chemical disinfectants are classified by their chemical

type. This includes aldehydes, alcohols, halogens, perox-

ides, quaternary ammonium compounds, and phenolic com-

pounds (see Table 2).

Table 2. General Classification of Antiseptics,

Disinfectants, and Sporicidal Agents

Chemical Type

Entity

Classification Example

Aldehydes Sporicidal agent 2% Glutaldehyde

Alcohols General purpose

disinfectant,

antiseptic,

antiviral agent

70% Isopropyl

alcohol, 70%

alcohol

Chlorine and

sodium

hypochlorite

Sporicidal agent 0.5% Sodium

hypochlorite

Phenolics General purpose

disinfectant

500 mg per g

Chlorocresol,

500 mg per g

chloroxylenol

Ozone Sporicidal agent 8% Gas by weight

Hydrogen

peroxide

Vapor phase

sterilant, liquid

sporicidal

agent, antiseptic

4 mg per g H2O2

vapor, 10–25%

solution, 3%

solution

Substituted

diguanides

Antiseptic agent 0.5% Chlorhexidine

gluconate

Chemical Type

Entity

Classification Example

Peracetic acid Liquid sterilant,

vapor phase

sterilant

0.2% peracetic

acid, 1 mg per g

peracetic acid

Ethylene oxide Vapor-phase

sterilant

600 mg per g ethyl-

ene oxide

Quaternary

ammonium

compounds

General purpose

disinfectant,

antiseptic

200 mg per g

benzalkonium

chloride

b-Propiolactone Sporicidal agent 100 mg per g

b-propiolactone

The effectiveness of a disinfectant depends on its intrinsic

biocidal activity, the concentration of the disinfectant, the

contact time, the nature of the surface disinfected, the hard-

ness of water used to dilute the disinfectant, the amount of

organic materials present on the surface, and the type and

the number of microorganisms present. Under the Federal

Insecticide, Fungicide, and Rodenticide Act (FIFRA), the

EPA registers chemical disinfectants marketed in the United

States and requires manufacturers to supply product infor-

mation on the use dilution, type of microorganisms killed,

and the necessary contact time (see Table 3). Certain liquid

chemical sterilizers intended for use on critical or semicriti-

cal medical devices are defined and regulated by FDA.
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Table 3. Biocidal Activity, Organic Inactivation, Residual Activity, and Applications of Some Common Disinfectants

Chemical

Class Entity

Bactericidal Fungicidal Sporicidal Inactivated

by

Organics

Residual

Activity

Application

Alcohols yes yes no no no antiseptic, removing disinfectant

residues

Aldehydes yes yes yes no yes disinfecting instruments

Chlorines

(hypochlorites)

yes yes yes yes no disinfecting surfaces

Hydrogen peroxide yes yes yes yes no antiseptic, vapor-phase sterilant

Phenolics yes yes no weakly yes disinfecting surfaces

Peracetic acid yes yes yes no yes vapor-phase sterilant

Quaternary ammonium

compounds

yes weak no yes yes antiseptic, disinfecting surfaces

Substituted diguanides

(chlorhexidine)

yes yes no no yes antiseptic; disinfecting instruments

Iodophors (providone-

iodine)

yes yes no no yes antiseptic

Ethylene dioxide oxide yes yes yes no no vapor-phase sterilant

SELECTION OFAN ANTISEPTIC FOR HAND AND

SURGICAL SITE DISINFECTION

Hands and surgical sites are disinfected in a hospital set-

ting to reduce the resident flora and to remove transient flora

(e.g., Streptococcus pyogenes) and methicillin-resistant S.

aureus and P. aeruginosa that have been implicated in hos-

pital-associated infection. Use of antiseptics to disinfect

hands has been shown to be more effective than soap and

water in reducing the counts of bacteria on the skin; repeated

antiseptic use further reduces these counts. These principles

may be applied to clean-room operators in the pharmaceu-

tical industry.

Common antiseptics include 4% chlorhexidine, 10% pro-

vidine–iodine, 3% hexachlorophene, 70% isopropyl alco-

hol, and 0.5% chlorhexidine in 95% ethanol alcohol.

SELECTION OF A DISINFECTANT FOR USE IN A

PHARMACEUTICAL MANUFACTURING

ENVIRONMENT

When selecting a disinfectant for use in a pharmaceutical

manufacturing area, the following points must should be

considered: the number and types of microorganisms to be

controlled; the spectrum of activity of commercially avail-

able disinfectants; the claims as a sterilant; the disinfectant
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or sanitizer supported by the EPA registrations; the concen-

tration, application method, and contact time of the disinfec-

tant; the nature of the surface material being disinfected and

its compatibility with the disinfectant; the amount of organic

compounds on the surface that may inactivate a disinfectant;

the possible need to maintain a residual bactericidal activity

of the disinfectant on the surface; the corrosiveness of the

disinfectant to equipment with repeated application; the

safety considerations for operators applying the disinfec-

tant; the compatibility of the disinfectant with cleaning

agents and other disinfectants; the planned disinfectant rota-

tion; and the steps that need to be taken to avoid the contam-

ination of pharmaceutical products by a disinfectant.2

THEORETICAL DISCUSSION OF DISINFECTANT

ACTIVITY

Plots of the log of the number of microorganisms per mL

surviving in a disinfectant solution indicate that first-order

kinetics can be applied as a reasonable approximation to

the reduction in microbial count with respect to time. In

practice, the plots show a more sigmoid curve with a slower

initial reduction in numbers followed by an increasing rate

with respect to time.

The rate constant, K, for the disinfection process can be

calculated by the formula:

(1 / t)( log No /N),

in which t is the time, in minutes, for the microbial count to

be reduced from No to N; No is the initial number of organ-

isms, in cfu per mL; and N is the final number, in cfu per

mL, of organisms.

As with a first-order chemical reaction, the same concen-

tration of disinfectant reduces the number of organisms

more rapidly at elevated temperatures. This can be ex-

pressed as a temperature, T, coefficient per 108 rise in tem-

perature, Q10, calculated by the formula:

Time to decontamination at T8 / Time to decontamination at

T,

in which T is T8–10.

Further evidence that a first-order reaction is an inade-

quate description of disinfection is that the Q10 values for

chemical and enzyme reactions are 2 to 3, while the com-

mon disinfectants phenol and ethanol alcohol have a Q10

of 4 and 45, respectively.

Critical to the successful employment of disinfectants is

an understanding of the effect of disinfectant concentration

on microbial reduction. A plot of the log of the time to re-

duce the microbial population in a standard inoculum to

zero against the log of the disinfectant concentration is a

straight line with the slope of the line termed the concentra-

tion exponent, n. The relationship can be expressed as fol-

lows:

n = (log of the kill time at concentration C2) – (log of the kill

time at concentration C1) / (log C1 – log C2),

in which C1 and C2, are the higher and lower disinfectant

concentrations, respectively.

The wide differences in concentration exponents, n, have

practical consequences in picking the use dilution of differ-

ent disinfectants and in using dilution to neutralize a disin-

fectant in disinfectant-effectiveness testing and routine

microbial monitoring of the manufacturing environment.

2 Denny, V.F.; Marsik, F.J. Current Practices in the Use of
Disinfectants within the Pharmaceutical Industry. PDA J. of
Pharmaceutical Sci. and Tech., 1997, 51, (6), 227–228.
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For example, mercuric chloride has a concentration expo-

nent of 1, so a 3-fold dilution will reduce the disinfectant

activity by 31 (or by one-third), while phenol with a concen-

tration exponent of 6 will have a 36 (or a 729-fold) reduction

in disinfectant activity. Disinfectants with a larger concen-

tration exponent or dilution coefficient rapidly lose activity

when diluted. The concentration exponents for some disin-

fectants are listed in Table 4.

Table 4. Concentration Exponents of Common

Antiseptics, Disinfectants, and Sterilants

Disinfectant Concentration Exponents

Hydrogen peroxide 0.5

Sodium hypochlorite 0.5

Mercuric chloride 1

Chlorhexidine 2

Formaldehyde 1

Ethanol Alcohol 9

Phenol 6

Quaternary ammonium

compounds

0.8 to 2.5

Aliphatic alcohols 6.0 to 12.7

Phenolic compounds 4 to 9.9

Another important consideration may be the pH of the

disinfectant. Many disinfectants are more active in the io-

nized form, while others are more active in the nonionized

form. The degree of ionization will depend on the pKa of the

agent and the pH of the disinfection environment. For exam-

ple, phenol, with a pKa of 10, will be more effective at a pH

below 7 where it is nonionized, while acetic acid will be

more effective at a pH below 4 where it is ionized.

MECHANISM OF DISINFECTANT ACTIVITY

Table 5 lists the sites and modes of action of some repre-

sentative disinfectants.

Table 5. Mechanism of Disinfectant Activity Against

Microbial Cells

Target Disinfectant

Cell wall Formaldehyde, hypochlorite,

and mercurials

Cytoplasmic membrane,

action on membrane

potential

Anilides and

hexachlorophene

Membrane enzymes,

action on electron-

transport chain

Hexachlorophene

Action on ATP Chlorhexidine and ethylene

oxide

Action on enzymes with

–SH groups

Ethylene oxide, glutaralde-

hyde, hydrogen

peroxide, hypochlorite,

iodine, and mercurials

Action on general

membrane permeability

Alcohols, chlorhexidine,

and quaternary ammo-

nium compounds

Cell contents, general

coagulation

Chlorhexidine, aldehydes,

hexachlorophene, and

quaternary ammonium

compounds

Ribosomes Hydrogen peroxide and

mercurials

Nucleic acids Hypochlorites
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Target Disinfectant

Thiol groups Ethylene oxide,

glutaraldehyde, hydrogen

peroxide, hypochlorite,

mercurials

Amino groups Ethylene oxide, glutaralde-

hyde and hypochlorite

General oxidation Ethylene oxide, glutaralde-

hyde, and hypochlorite

MICROBIAL RESISTANCE TO DISINFECTANTS

The development of microbial resistance to antibiotics is a

well-described phenomenon. The development of microbial

resistance to disinfectants is less likely, as disinfectants are

more powerful biocidal agents than antibiotics and are ap-

plied in high concentrations against low populations of mi-

croorganisms usually not growing actively, so the selective

pressure for the development of resistance is less profound.

However, the most frequently isolated microorganisms from

an environmental monitoring program may be periodically

subjected to use dilution testing with the agents used in the

disinfection program.

DISINFECTANT CHALLENGE TESTING

Under FIFRA, the EPA requires companies that register

public health antimicrobial pesticide products including dis-

infectants, sanitization agents, sporicidal agents, and steri-

lants to ensure the safety and effectiveness of their

products before they are sold or distributed. Companies re-

gistering these products must address the chemical compo-

sition of their product, include toxicology data to document

that their product is safe if used as directed on the label, in-

clude efficacy data to document their claims of effectiveness

against specific organisms and to support the directions for

use provided in the labeling, and provide labeling that re-

flects the required elements for safe and effective use. While

these directions provide valuable information, they may not

be helpful in terms of the products’ use as disinfectants in a

manufacturing environment.

In the United States, the official disinfectant testing meth-

ods are published by AOAC International3 and include the

Phenol-Coefficient Test, Use-Dilution Method Test, Hand

Surface Carrier Method and Sporicidal Carrier Test. A

scientific study submitted for EPA review in support of dis-

infectant registration must be conducted at a laboratory fa-

cility that follows the Good Laboratory Practices (GLP)

regulations (21 CFR 58). To demonstrate the efficacy of a

disinfectant within a pharmaceutical manufacturing envir-

onment, it may be deemed necessary to conduct the follow-

ing tests: (1) use-dilution tests (screening disinfectants for

their efficacy at various concentrations and contact times

against a wide range of standard test organisms and environ-

mental isolates); (2) surface challenge tests (using standard

test microorganisms and microorganisms that are typical en-

vironmental isolates, applying disinfectants to surfaces at

the selected use concentration with a specified contact time,

and determining the log reduction of the challenge microor-

ganisms); and (3) a statistical comparison of the frequency

of isolation and numbers of microorganisms isolated prior to

and after the implementation of a new disinfectant. This is

considered necessary because critical process steps like dis-

infection of aseptic processing areas, as required by GMP

regulations, need to be validated, and the EPA registration

requirements do not address how disinfectants are used in

the pharmaceutical, biotechnology, and medical device in-

3 Cuniff, P.A., Ed. Official Methods of Analysis of AOAC
International, 15th ed.,; Association of Official Analytical
Chemists: Arlington, VA, 1990 AOAC International Offi-
cial Methods of Analysis, 15, 16 and 17th editions. Arling-
ton, VA.
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dustries. For the surface challenge tests, the test organisms

are enumerated using swabs, surface rinse, or contact plate

methods. Neutralizers that inactivate the disinfectants must

should be included in either the diluent or microbiological

media used for microbial enumeration or both (see Table 6).

Table 6. Neutralizing Agents for Common Disinfectants

Disinfectant Neutralizing Agent

Alcohols Dilution or polysorbate 80

Glutaraldehyde Glycine and sodium bisulfite

Sodium hypochlorite Sodium thiosulfate

Chlorhexidine Polysorbate 80 and lecithin

Mercuric chloride and

other mercurials

Thioglycolic acid

Quaternary ammonium

compounds

Polysorbate 80 and lecithin

Phenolic compounds Dilution or polysorbate 80

and lecithin

Universal neutralizer broths may be formulated to contain

a range of neutralizing agents. For example, Day Dey/Eng-

ley (D/E) broth contains 0.5% polysorbate 80, 0.7% le-

cithin, 0.1% sodium thioglycolate, 0.6% sodium

thiosulfate, 0.25% sodium bisulfite, 0.5% tryptone, 0.25%

yeast extract, and 1.0% dextrose; letheen broth contains

0.5% polysorbate 80, 0.07% lecithin, 1.0% peptamin,

0.5% beef extract, and 0.5% sodium chloride; and Tryp-

tone–Azolectin–Tween (TAT) broth base + tween 20 con-

tains 4.0% (v/v) polysorbate 20, 0.5% lecithin, and 2.0%

tryptone.

In practice, sufficient organisms need to be inoculated on

a 2-inch 6 2-inch square of the surface being decontami-

nated, i.e., a coupon, to demonstrate at least a 2 ( for bacte-

rial spores) to 3 (for vegetative bacteria) log reduction

during a predetermined contact time (i.e., 10 minutes over

and above the recovery observed with a control upon disin-

fectant application). The efficacy of the neutralizers and

their ability to recover inoculated microorganisms from

the material must should be demonstrated during the use-di-

lution or surface-challenge studies. Points to remember are

that disinfectants are less effective against the higher num-

bers of microorganisms used in laboratory challenge tests

than they are against the numbers that are found in clean

rooms (see Microbiological Evaluation of Clean Rooms

and Other Controlled Environments h1116i); that inocula

from the log growth phase that are typically employed in

laboratory tests are more resistant, with the exception of

spores formed during the static phase, than those from a sta-

tic or dying culture or stressed organisms in the environ-

ment; and that microorganisms may be physically

removed during actual disinfectant application in the manu-

facturing area.

Typical Although not all inclusive, typical challenge or-

ganisms that may be employed are listed in Table 7.

Table 7. Typical Challenge Organisms

AOAC Challenge

Organisms

Typical Environmental

Isolates

Bactericide: Escherichia coli,

ATCC 11229;

S. aureus, ATCC 6538;

P. aeruginosa, ATCC

15442

Bactericide: Micrococcus

luteus, S. epidermdis,

Coynebacterium

jeikeium, P. vesiclaris

Fungicide: C. albicans,

ATCC 10231 or 2091;

Penicillium chrysogenum,

ATCC 11709; Aspergillus

niger, ATCC 16404

Fungicide: P. chryso-

genum, A. niger

Sporicide: B. subtilis,

ATCC 19659

Sporicide: B. sphaericus,

B. thurengensis
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Because a wide range of different materials of construc-

tion are used in clean rooms and other controlled areas, each

material needs to be evaluated separately to validate the ef-

ficacy of a given disinfectant. Table 8 contains a list of com-

mon materials used in clean room construction.

Table 8. Typical Surfaces to be Decontaminated by Dis-

infectants in a Pharmaceutical Manufacturing Area

Material Application

Stainless steel 305L

and 316L grades

Work surfaces, filling

equipment, tanks, etc.

Glass Windows and vessels

Plastic, vinyl Curtains

Plastic, polycarbonate Insulation coating

Lexan1 (plexiglass) Shields

Epoxyl coated gypsum Walls and ceilings

Fiberglass reinforced

plastic

Wall paneling

Tyvek1 Equipment wraps

Terrazzo tiles Floors

DISINFECTANTS IN A CLEANING AND

SANITIZATION PROGRAM

The selection of suitable disinfectants and the verification

of their effectiveness in surface challenge testing is critical

in the development of a cleaning and sanitization program.

Issues associated with the successful implementation of

such a program are the development of written procedures,

staff training, selection of the decisions on disinfectant rota-

tion, institution of application methods and contact times,

environmental monitoring to demonstrate efficacy, and per-

sonnel safety.

The cGMP 21 CFR 211.67, Equipment Cleaning and

Maintenance, details the requirements for written proce-

dures for cleaning, maintenance, and sanitization of pharma-

ceutical manufacturing equipment. These procedures must

should address the assignment of responsibility, establish-

ment of schedules, details of cleaning operations, protection

of clean equipment prior to use, inspection for cleanliness

immediately prior to use, and maintenance of cleaning and

sanitization records.

Involved staff require training in microbiology, industry

practices for cleaning and sanitization, safe handling of con-

centrated disinfectants, the preparation and disposal of dis-

infectants, and the appropriate application methods. It must

be emphasized that the preparation of the correct dilutions is

critical since many disinfectant failures are attributable to

use of excessively diluted disinfectant solutions. Typically,

disinfectants used in aseptic filling areas are diluted with

Water for Injection and are prepared aseptically. Since it is

theoretically possible for the selective pressure of the con-

tinuous use of a single disinfectant to result in the presence

of disinfectant-resistant microorganisms in a manufacturing

area, regulatory agencies advocate the rotation of disinfec-

tants. Common practices include the daily use of a phenolic

compound and weekly use of a sporicidal agent or the rota-

tion of daily use of phenolic and quaternary ammonium

compounds and weekly use of a sporicidal agent. Other op-

tions may also be supported. Disinfectants applied on poten-

tial product contact surfaces are typically removed with

70% alcohol wipes. The use of a sporicidal agent is fre-

quently limited to weekly application, since they are com-

monly oxidizing agents and may corrode stainless steel

equipment and degrade other materials used in facility con-

struction. Facilities must be periodically cleaned to remove

any disinfectant residues.
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Staff involved in disinfection require training in micro-

biology, industry practices for cleaning and sanitization,

safe handling of concentrated disinfectants, the preparation

and disposal of disinfectants, and appropriate application

methods. It should be emphasized that the preparation of

the correct dilutions is critical because many disinfectant

failures can be attributed to use of disinfectant solutions that

are too dilute. Typically disinfectants used in aseptic proces-

sing and filling areas are diluted with Sterile Purified Water,

and are prepared aseptically. Alternately, the disinfectant

may be diluted with Purified Water, and then sterile filtered

to eliminate microorganisms that may potentially persist in a

disinfectant.

Because it is theoretically possible that the selective pres-

sure of the continuous use of a single disinfectant could re-

sult in the presence of disinfectant-resistant microorganisms

in a manufacturing area, in some quarters the rotation of dis-

infectants has been advocated. However, the literature sup-

ports the belief that the exposure of low numbers of

microorganisms on facility and equipment surfaces within

a clean room where they are not actively proliferating will

not result in the selective pressure that may be seen with the

antibiotics. It is prudent to augment the daily use of a bac-

tericidal disinfectant with weekly (or monthly) use of a spor-

icidal agent. The daily application of sporicidal agents is not

generally favored because of their tendency to corrode

equipment and because of the potential safety issues with

chronic operator exposure. Other disinfection rotation

schemes may be supported on the basis of a review of the

historic environmental monitoring data. Disinfectants ap-

plied on potential product contact surfaces are typically re-

moved with 70% alcohol wipes. The removal of residual

disinfectants should be monitored for effectiveness as a pre-

caution against the possibility of product contamination.

The greatest safety concerns are in the handling of con-

centrated disinfectants and the mixing of incompatible dis-

infectants. For example, concentrated sodium hypochlorite

solutions (at a concentration of more than 5%) are strong

oxidants and will decompose on heating, on contact with

acids, and under the influence of light, producing toxic

and corrosive gases including chlorine. In contrast, dilute

solutions (at a concentration of less than 0.5%) are not con-

sidered as hazardous. Under no circumstances should disin-

fectants of different concentrations be mixed. Material

Safety Data Sheets for all the disinfectants used in a manu-

facturing area must should be available to personnel hand-

ling these agents. Appropriate safety equipment such as face

shields, safety glasses, gloves, and uniforms must be issued

to personnel handling the disinfectant preparation, and per-

sonnel must be trained in the proper use of this equipment.

Safety showers and eye wash stations must be situated in the

work area where dis infectant solut ions are pre-

pared.&1S (USP27)

BRIEFING

h1119i Near Infrared Spectrophotometry, USP 26 page 2388
and page 1938 of PF 28(6) [Nov.–Dec. 2002]. The revision to this
general information chapter proposed in PF 28(6) inadvertently
omitted Table 1, which is included herein. This table provides im-
portant information on NIR instrument specifications. Several edi-
torial changes are also made.

(PA6: K. Zaidi) RTS—39666-1

Change to read:

INTRODUCTION

Near-IR (NIR) spectroscopy is a specialized branch of spectro-
scopy and shares many of the attributes of other spectroscopic
measurements discussed in Spectrophotometry and Light-Scatter-
ing h851i. The NIR spectral region includes two subranges, each
requiring a specific detector. For the short-wavelength IR, or
Herschel range, that extends from 700 to 1100 nm, silicon-based
photodetectors are suitable for measurements. Lower energies and
longer wavelengths between 1100 and 2500 nm comprise the NIR
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subregion in which lead sulfide (PbS) or indium gallium arsenide
(InGaAs) detectors are used. [NOTE—See the final section of this
chapter, Definition of Terms and Symbols, for the terms and sym-
bols referred to in this chapter and commonly employed in NIR
spectroscopy.]
NIR spectroscopy is advantageous because quick and accurate

measurements can often be made without destroying the sample.
Molecular spectra in this region are dominated by overtones and
combinations of fundamental vibrational modes, which are much
weaker than the fundamental vibrations encountered in the mid-IR
region. Because there is much less light absorption in the NIR
range, radiation typically penetrates several millimeters into mate-
rials, including solids. Furthermore, many materials such as glass
are relatively transparent in this region, so the optics in NIR spec-
trometers are comparatively robust and inexpensive. Fiber-optic
technology is readily implemented in the NIR range, which allows
remote monitoring of processes in challenging environments.

Transmittance and Reflectance

Two different measurements commonly performed in the NIR
spectral range are transmittance and reflectance.
TRANSMITTANCE, or direct sample absorption, measures the de-

crease in radiation intensity as a function of wavelength when ra-
diation is passed through the sample. The sample, which must be
relatively transparent to the radiation, is placed in the optical beam
path between the source and the detector. This arrangement is ana-
logous to that in many conventional spectrophotometers, and the
results can be presented directly in terms of absorbance (see Defi-
nition of Terms and Symbols). Because tungsten filament lamp
sources can be highly stabilized, many NIR instruments have the
single-beam design. The intensity of the source radiation, I0, is
scanned and stored. Samples are then scanned, and their absor-
bances are calculated with the aid of the stored data. A variation
of this technique called transflectance places a reflector behind
the sample to double the path length. This configuration can be
adapted to share the same instrument geometry with reflectance
or fiber-optic probe systems where the source and the detector
are on the same side of the sample.
REFLECTANCE, or diffuse reflectance,r, measures the ratio of the

intensity of light reflected from the sample, I, to that reflected from
a background or reference reflective surface, I0 (seeDefinition of
Terms and Symbols). For these measurements,I0, determined from
a standard reflector, is an approximation of the energy incident on
the sample surface. NIR radiation penetrates a substantial distance
(1 to 3 mm) into the sample, where it can be absorbed by the vi-
brational combinations and overtones from the analyte species pre-
sent in the sample. Unabsorbed radiation is reflected back from the
sample. A plot of reflectance, as a function of wavelength in the
NIR region, exhibits bands of low reflectance where light absorp-
tion has occurred. In many instances, these spectral bands adhere to
Beer’s law with respect to concentration of components in the mix-
ture. [NOTE—Beer’s law may not hold for all solid mixtures in NIR
reflectance. However, if calibration curves are established, quanti-
tative work can be performed.] NIR reflectance spectra are typi-
cally treated in the same way as conventional absorption spectra,
by calculating and plotting log(1/r) versus wavelength. In analogy
to conventional transmittance spectrophotometry, this logarithmic
form is commonly called ‘‘absorbance’’. However, the background
spectrum (seeDefinition of Terms and Symbols) may differ substan-
tially from the sample spectrum. Thus, artifacts, such as nonlinear
bands, negative absorbances, or areas where the absorbance ex-
ceeds the dynamic range of the instrument, may appear.
Most NIR reflectance spectra are collected from samples such as

powders or compressed heterogeneous solids such as whole tab-
lets. Solids typically exhibit a broad upward slope in absorbance
toward longer wavelengths. Variations in particle size, shape, com-
paction, and other physical differences between samples can cause

shifts in spectral baselines and hence interfere with quantitation.
Mathematical techniques are available to reduce or eliminate par-
ticle size dependence, if deemed necessary. The most common
procedure is to take the first or second derivative of the spectrum.
Derivatives are practical in the NIR region because of the low noise
and high photometric precision. Where data are available on large
numbers of nearly identical samples, multiplicative scatter correc-
tion (MSC) is an alternative to taking derivatives. The corrected
absorbance spectra may then be used directly for quantitation. In
pharmaceutical analysis, particle size information may be pertinent
to the safety and effectiveness of the product. Thus, techniques
aimed at eliminating particle size effects in NIR reflectance are ap-
plied on a case-by-case basis.

Other Factors Affecting Quantitation

Sample Temperature—This parameter is most important for
solutions, especially aqueous solutions, where a difference of a
few degrees can result in substantial changes. It appears to be less
critical for solids in NIR reflectance but may need to be considered
for accurate work. If sample temperature cannot be controlled, then
it should be measured and recorded. These data can then be used to
determine whether sample temperature affects the results, and if it
does, then sample temperature data provide a basis upon which a
suitable correction for temperature effects can be formulated. Var-
ious methods exist to calculate the appropriate temperature correc-
tion.
Moisture and Residual Solvents—Adsorbed moisture, which

is nonchemically bound, and water of hydration contribute to
bands in the NIR region. NIR methods for moisture determination
have been developed. It is important to maintain consistent room
humidity for samples affected by humidity variations. This pro-
blem may be avoided if samples are kept in, and measured directly
through, sealed containers. Other residual solvents may also con-
tribute to the spectrum.
Sample Thickness—Because NIR radiation is absorbed much

less than mid-IR radiation, the light can penetrate several milli-
meters into the sample. It is important to use methods that ensure
a consistent light path. To achieve this, the sample must be ‘‘infi-
nitely’’ thick, or thinner samples of constant thickness must have a
stable, diffusely reflecting backing material of constant, and pre-
ferably high, reflectivity. In measurements of reflectance, it is de-
sirable to use samples that are optically infinitely thick at all
wavelengths. That is, measurements of samples of various depths
should demonstrate that their spectra do not change for sample
depths greater than the chosen measurement depth. Where trans-
mittance or transflectance of intact samples is possible, steps are
taken to ensure that all method calibration standards and analytical
samples are of the same optical thickness or reflected path length.
For liquid samples, the same or a matching cell is used for back-
grounds, references, and samples.
Sample Optical Properties—In solids, both surface and bulk

scattering properties of calibration standards and analytical sam-
ples must be taken into account. Spectra of physically, chemically,
or optically heterogeneous samples may require sample averaging
by increasing the beam size or examining multiple samples. Cer-
tain factors, such as the differing degrees of sample compaction in
powdered materials, can cause significant spectral differences.
Glossiness of the surface finish of samples (e.g., coated tablets)
may add a specular reflectance component to the observed NIR re-
flectance. Specular reflectance can distort the diffuse reflectance
absorption peaks and may thereby interfere with quantitation.
Polymorphism—Because NIR reflectance can be measured di-

rectly for solid crystalline substances, variations in crystalline
structure (polymorphism) influence the spectra. Hence, poly-
morphs as well as the amorphous solids may be distinguished from
one another on the basis of their NIR spectra. Where multiple poly-
morphs can coexist in an otherwise chemically pure bulk drug sub-
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stance, care must be taken to ensure that the calibration standards
have a distribution of polymorphs matching that of the test speci-
men.
Age of Samples—Some samples may change their chemical,

physical, or optical properties over time. Care must be taken to en-
sure that samples for NIR analysis are representative of those used
for calibration. If samples of different age are to be analyzed, po-
tential differences in properties must be accounted for in the cali-
bration sample set.

&Near-IR (NIR) spectroscopy is a branch of spectroscopy

that shares many of the principles that apply to other spec-

troscopic measurements discussed in Spectrophotometry

and Light-Scattering h851i. The NIR spectral region in-

cludes two subranges. The short-wavelength or Herschel

range extends from 780 to 1100 nm, (~12,800–9000 cm–

1), while longer wavelengths between 1100 and 2500 nm

(~9,000–4000 cm–1) comprise the traditional NIR region.

In common with other spectrophotometric measurements,

NIR is used for both qualitative and quantitative assessment

of the chemical composition of samples. It may also be sen-

sitive to physical properties of the sample. Measurements

can be made directly on in-situ samples, in addition to stan-

dard sampling and testing procedures. Typical applications

of NIR spectra utilize both wavelength and wavenumber

units.

Vibrational spectroscopy in the NIR region is dominated

by overtones and combinations that are much weaker than

the fundamental mid-IR vibrations from which they origi-

nate. Because molar absorptivities in the NIR range are

low, radiation typically penetrates several millimeters into

materials, including solids. Furthermore, many materials

such as glass are relatively transparent in this region. Fi-

ber-optic technology is readily implemented in the NIR

range, which allows monitoring of processes in inaccessi-

ble, remote, and challenging environments.

Transmittance and Reflectance

Two different measurements commonly performed in the

NIR spectral range are transmittance and reflectance.

TRANSMITTANCE, T, measures the decrease in radiation

intensity as a function of wavelength when radiation is

passed through the sample. The sample is placed in the op-

tical beam between the source and the detector. This ar-

rangement is analogous to that in many conventional

spectrophotometers, and the results can be presented di-

rectly in terms of absorbance. A variation of this technique,

transflectance, places a reflector behind the sample so as to

double the path length. This configuration can be adapted to

share the same instrument geometry with reflectance or fi-

ber-optic probe systems where the source and the detector

are on the same side of the sample.

REFLECTANCE, R, measures the ratio of the intensity of

light reflected from the sample I, to that reflected from a

background or reference reflective surface, Ir . NIR radiation

can penetrate a substantial distance into the sample, where it

can be absorbed by the vibrational combinations and over-

tones of the analyte species present in the sample. Nonab-

sorbed radiation is reflected back from the sample to the

detector. NIR reflectance spectra are accessed by calculating

and plotting log(1/R) versus wavelength. This logarithmic

form is commonly called absorbance.

Factors Affecting Quantitation

The following list, although not exhaustive, includes

many of the major factors affecting spectral response.

Sample Temperature—This parameter is most impor-

tant for aqueous solutions, where a difference of a few de-

grees can result in substantial spectral changes. Temperature

is also an important parameter for solids and powders con-

taining water. Various methods exist to calculate the appro-

priate temperature correction.
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Moisture and Residual Solvents—Moisture present in

the sample and analytical system will contribute to bands

in the NIR region. Other residual solvents may also contri-

bute to the spectrum.

Sample Thickness—Sample thickness is a known source

of spectral variability and must be understood and/or con-

trolled. For example, in reflectance, the sample must be ‘‘in-

finitely’’ thick, or thinner samples of constant thickness

must have a stable, diffusely reflecting backing material of

constant, and preferably high, reflectivity.

Sample Optical Properties—In solids, both surface and

bulk scattering properties of calibration standards and ana-

lytical samples must be taken into account. Spectra of phy-

sically, chemically, or optically heterogeneous samples may

require sample averaging by increasing the beam size or ex-

amining multiple samples. Certain factors, such as differing

degree of compaction or particle size in powdered materials

and surface finish of samples, can cause significant spectral

differences.

Polymorphism—Because NIR reflectance can be mea-

sured directly for solid crystalline substances, variations in

crystalline structure (polymorphism) influence the spectra.

Hence, polymorphs, as well as the amorphous form of a so-

lid, may be distinguished from one another on the basis of

their NIR spectra. Where multiple polymorphs can coexist

in an otherwise chemically pure bulk drug substance, care

must be taken to ensure that the calibration standards have

a distribution of polymorphs relevant to the intended appli-

cation.

Age of Samples—Samples may exhibit changes in their

chemical, physical, or optical properties over time. Care

must be taken to ensure that samples for NIR analysis are

representative of those used for calibration. If samples of

different age are to be analyzed, potential differences in

properties must be accounted for in the calibration sample

set.&1S (USP27)

Delete the following:

&NEAR-INFRARED REFLECTANCE
REFERENCES

NIR reflectance relies on a background spectrum for the calcula-
tion of absorbance. The references (for instance, powders such as
barium sulfate or polytetrafluoroethylene and solids such as cera-
mic or sintered polytef plate) perform essentially the same function
in the reflectance measurements as do the solvent blanks in the
transmittance measurements. Most NIR measurements are per-
formed in single-beam instruments: the reflectance of a back-
ground reference is scanned to obtain a baseline, and then the
reflectance of one or more analytical samples is measured. An im-
portant property of a reflectance background reference is its uni-
form reflectance response as a function of wavelength across the
spectral range of the instrument. If the background reflectance is
not uniform with wavelength, a correction must be calculated. An-
other important property of the reference is its stability over time.
Only spectra measured against the same background reference can
be compared with one another. In order to minimize positioning
effects, the diameter of the reference sample is at least 125% that
of the beam. From measurements in which the background is used
as a reference and a sample, a spectrum of the inherent instrument
noise as a function of wavelength can be obtained. [NOTE—Instru-
ments based on an integrating sphere geometry can use a sample of
the sphere material for the noise measurement.]&1S (USP27)

Delete the following:

&APPARATUS

All NIR measurements are based on passing light radiation
through, or into, a sample and measuring the attenuation of the
emerging (transmitted or reflected) beam. There is a variety of
spectrophotometers and spectrometers based on different operating
principles. Dispersive devices include double-beam extended-
range UV-visible spectrophotometers, single-beam grating-based
rapid-scanning spectrometers, and diode-array spectrometers. Fil-
ter technology is employed in fixed- or multiple-wavelength instru-
ments as well as acousto-optical tunable filter (AOTF)
spectrometers. Extended-range Fourier-transform IR (FTIR) spec-
trometers are also available. Silicon, lead sulfide, or indium gal-
lium arsenide are the most commonly used detector materials.
Conventional cuvette sample holders, fiber-optic probes, transmis-
sion dip cells, and spinning or traversing sample holders are some
of the more common sampling arrangements.
Many NIR instruments are designed with easy-to-use or auto-

matic, built-in calibration procedures. Therefore, theoretically, it
is only necessary to require that such calibrations be done and to
specify how often they are to be performed to maintain quality con-
trol. In most cases, the autocalibration setup utilizes special internal
parts incorporated into the instrument design for this purpose. Be-
cause the optical configuration used in the built-in calibration may
differ physically from that used in the specific analytical measure-
ment, this configuration is not necessarily applicable to analytical
measurements. Also, the commonly employed internal polystyr-
ene-film reference calibrator may be subject to aging and attack
by solvents and vapors in the laboratory environment. Methods
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for internal instrument calibration may vary depending on instru-
ment manufacturer, instrument model, or software version. There-
fore, detailed functional validation employing external reference
standards is required to demonstrate instrument suitability. The
use of external reference standards does not imply the omission
of the usual internal quality control procedures; rather, it provides
independent documentation of the ability of the instrument to per-
form the specific analysis.&1S (USP27)

Add the following:

&INSTRUMENTATION

Apparatus

All NIR measurements are based on passing light radia-

tion through or into a sample and measuring the attenuation

of the emerging (transmitted, scattered, or reflected) beam.

There are a variety of spectrophotometers available based

on different operating principles.

Some examples of currently available spectrophotometers

are the following: filter and grating-based dispersive, acous-

to-optical tunable filter (AOTF), and Fourier-transform (FT-

NIR) systems. Silicon, lead sulfide, indium gallium arsenide

and deuterated triglycine sulphate are commonly used de-

tector materials. Conventional cuvette sample holders, fi-

ber-optic probes, transmission dip cells, and spinning or

traversing sample holders are some of the more common

sampling arrangements.

The selection of the equipment should be based on the in-

tended application, with particular attention being paid to

the suitability of the sampling device for the type of sample

to be analyzed.

Near-Infrared Reflectance References

NIR references, by providing a known stable measure-

ment against which other measurements can be compared,

are used to eliminate instrumental variations that would af-

fect the measurements.

Transmittance Mode—The measurement of transmit-

tance is dependent on a background transmittance spectrum

for its calculation. A transmittance reference can be air, an

empty cell, a solvent blank, or in special cases, a reference

sample.

Reflectance Mode—The measurement of reflectance is

dependent on a background reflectance spectrum for its cal-

culation. Most measurements are performed in single-beam

instruments; the reflectance of a background reference is

scanned to obtain a baseline, and then the reflectance of

one or more analytical samples is measured. Common re-

flectance references are ceramic, perfluorinated polymers

and gold; other suitable materials may be used. Only spectra

measured against a background possessing the same optical

properties can be directly compared with one another.

Qualification of NIR Instruments

Elements of Qualification—The qualification of an NIR

instrument can be divided into three elements:

� Installation Qualification (IQ)

� Operational Qualification (OQ)

� Performance Qualification (PQ)

Installation Qualification—The IQ requirements help en-

sure that the hardware and software are installed according

to vendor and safety specifications at the desired location.
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Operational Qualification—In operational qualification,

the instrument’s performance is controlled with respect to

external certified standards to verify that the system operates

within target specifications. The purpose of operational qua-

lification is to ensure that an instrument is suitable for its

intended application. Because there are so many different

approaches to measuring NIR spectra, operational qualifica-

tion employs traceable external standards that can be used

on any instrument. The most important property of a refer-

ence material is its stability. For example, the commonly

employed internal polystyrene-film reference may be sub-

ject to aging and attack by solvents and vapors in the labora-

tory environment. The use of external traceable reference

standards does not imply the omission of the instrument’s

internal quality control procedures. Similiar to any spectro-

photometric device, NIR instruments need to be qualified

for both wavelength and photometric scale. Maximum and

reduced light-flux noise tests are also included.

Peformance Qualification—In performance qualification,

a quality of fit to an initial scan or group of scans included in

the operational qualification is employed. In such an analy-

sis, it is assumed that reference standard spectra collected on

a new or a newly repaired, properly operating instrument

represent the best ones available. Comparisons of spectra ta-

ken over time on the identical reference standards form the

basis for evaluating the long-term stability of an NIR mea-

surement system. The objective is to ensure that no wave-

length calibration shift or change in sensitivity occurs

during ongoing analysis.

Previous operational qualification has shown that the

equipment is acceptable for use; therefore, a single perfor-

mance verification standard can be used to reverify perfor-

mance on a continiung basis. The user may have a method-

specific reference sample to perform this kind of control,

providing the sample is stable.

Test Details—The specific tests and how frequently they

are performed for each level of qualification is dependent on

the instrument and intended application.

Wavelength Uncertainty—Potential problems with inter-

nal calibration schemes are avoided by specifying appropri-

ate independent external wavelength standards. For the

reflectance mode, NIST SRM 1920a1 and NIST SRM

20352 used in the transflectance mode are available. The

nature and type of background reference standard must be

specified. In transmittance measurements, NIST SRM

2035 rare earth oxide in glass standard, or Holmium oxide

solution NIST SRM 20343 are available. These standards

can be substituted by other traceable wavelength standards.

Take one spectrum (with the same spectral resolution used

to obtain the certified value) and measure the position of at

least three peaks to cover the entire available range. The ac-

ceptance limits for SRM 1920a are reported in Table 1.

1 A mixture of dysprosium, holmium, and erbium, NIST
SRM 1920a may be obtained from NIST, Gaithersburg,
MD 20899: ‘‘A Wavelength Standard for the Near-Infrared
Based on the Reflectance of Rare Earth Oxides,’’ J. Res.
Natl. Bur. Stds. 1986, 91(5), 243–253. This reference ma-
terial exhibits useful calibration peaks in the 700- to 2500-
nm range. Because there is no available calibration peak
above 2000 nm in SRM 1920a, an instrument cannot be
considered wavelength-qualified in the 2000- to 2500-nm
range.
2 A rare earth oxide in glass transmission wavelength stan-
dard, SRM 2035, has been certified recently by NIST. ‘‘Pro-
duction and Verification of SRM 2035. Near Infrared
Transmission Wavelength Standard’’, NIST Special Publi-
cation 1999, 260-102 (in preparation). This standard may
be used in transflectance mode, but it is not currently certi-
fied for such use.
3 Holmium oxide solution, NIST SRM 2034, (wavelength
standard from 240 to 650 nm) may be used currently in
the 650- to 1100-nm region although bands are not certified
in this region. "Holmium Oxide Solution wavelength Stan-
dard from 240 to 640 nm-SRM 2034", NBS Special Publi-
cat ion 1986 , 260-102; ‘‘Spect ra l Transmit tance
Characteristics of Holmium Oxide in Perchloric Acid’’, J.
Res. Natl. Bur. Stds., 1985. 90(2), 115–125.
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Table 1. Recommended Near-IR Instrument Specificationsa

Wavelength Uncertainty SRM 1920a peaksb occur at 1261, 1681, and 1935 nm

Tolerances +1 nm at 1200 nm or +8 cm–1 at 8300 cm–1

+1 nm at 1600 nm or +4 cm–1 at 6250 cm–1

+1.5 nm at 2000 nm or +4 cm–1 at 5000 cm–1

Photometric Linearity AOBS vs AREF at 1200, 1600, and 2000 nm;c

slope = 1.0 + 0.05; intercept = 0.0 + 0.05

Spectrophotometric Noise measured for 100-nm (300 cm–1) segments between 1200 and 2200 nm (8300

and 4500 cm–1)

Average RMS for measurements

at high-light flux

less than 0.3 6 10–3; no RMS noise greater than 0.8 6 10–3

Average RMS for measurements

at low-light flux

less than 1 6 10–3; no RMS noise greater than 2.0 6 10–3

a A maximum nominal instrument bandwidth of 10 nm at 2500 nm or 16 cm–1 at 4000 cm–1 is appropriate for most applica-
tions.

b The nominal 1935-nm peak is sensitive to instrument bandwidth. Use the wavelength value supplied with SRM 1920a at
the appropriate instrument bandwidth to determine wavelength uncertainty.

c AOBS is the observed absorbance, and AREF is the tabulated absorbance of the reference reflectors at each of the three spe-
cified wavelengths.

Photometric Linearity—Verification of photometric line-

arity is demonstrated with a set of transmission standards of

known relative transmittance or reflectance standards of

known relative reflectance, usually expressed as percent

transmittance or reflectance. For reflectance measurements,

traceable carbon-doped polymer standards are available.

Spectra obtained from reflectance standards are subject to

variability as a result of the difference between the experi-

mental conditions under which they were factory-calibrated

and those under which they are subsequently put to use.

Hence, the percent reflectance values supplied with a set

of calibration standards may not be useful in the attempt

to establish an ‘‘absolute’’ calibration for a given instru-

ment. Provided that (1) the standards do not change chemi-

cally or physically, (2) the same reference background is

used as was used to obtain the certified values, and (3) the

instrument measures each standard under identical condi-

tions (including precise sample positioning), the reproduci-

bility of the photometric scale will be established over the

range of standards used. Subsequent measurements on the

identical set of standards give information on long-term sta-

bility. Use at least four reference standards in the range 10%

to 90%. [NOTE—A typical set of four reflectance references

might be 10%, 20%, 40%, and 80% with 1.0, 0.7, 0.4, and

0.1 as their respective absorbances.] If the system is used for

analytes with absorbances higher than 1.0, add a 2% or a 5%

standard, or both, to the set. The specifications are reported

in Table 1.
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Spectrophotometric Noise—NIR instrument software

may include built-in procedures to automatically determine

system noise and to provide a statistical report of noise or

signal-to-noise ratio over its operating range. As previously

discussed, it is desirable to supplement such checks with

measurements that do not rely directly on manufacturer-sup-

plied procedures. The method involves measuring spectra of

high- and low-reflectance traceable reference materials. For

transmittance modules there are no standards for the low-

flux noise test at this time, so it is only possible to perform

the high-flux noise test.

HIGH-FLUX NOISE—The instrument noise is evaluated at

high-light flux by measuring reflectance or transmittance

of the reference standard, the reference material (e.g.,

99%, reflectance standard) acting as the sample and the

background reference. The analysis is performed by tabulat-

ing RMS noise levels in successive nominal 100-nm (300

cm-1) spectral segments across the instruments range. The

limits are reported in Table 1.

LOW-FLUXNOISE—The same procedure may be used with

a lower-reflectivity reference material (e.g., 10% reflectance

standard) to determine system noise at reduced light flux.

The source, optics, detector, and electronics make signifi-

cant contributions to the noise under these conditions. The

limits are reported in Table 1.&1S (USP27)

Delete the following:

&QUALIFICATION AND VERIFICATION OF
NEAR INFRARED INSTRUMENTS

The suitability of a specific instrument for use in a given method
is ensured by both the routine, periodic instrument operational qua-
lifications and the more frequent performance verifications (see
Definition of Terms and Symbols). The purpose of instrument qua-

lification is to ensure that an instrument is suitable for its intended
application and, when requalified periodically, continues to func-
tion properly over extended time periods. When the device is used
for a specific qualitative or quantitative analysis, regular perfor-
mance verifications are made. Because there are many different ap-
proaches to measuring NIR spectra, instrument operational
qualification and performance verification employ external stan-
dards that can be used on any instrument. As with any spectropho-
tometric device, an NIR instrument needs to be qualified for both
wavelength accuracy and absorbance- or reflectance-scale photo-
metric precision. Maximum and reduced light-flux noise tests are
also included.
In performance verification, a quality of fit to an initial scan or

group of scans included in the instrument qualification is em-
ployed. In such analysis, it is assumed that reference standard spec-
tra collected on a new or a newly repaired, properly operating
instrument represent the best available. Comparisons of spectra ta-
ken over time on the identical reference standards form the basis
for evaluating the long-term stability of an NIR measurement sys-
tem.
NOTE—Some instrument software may impose smoothing (see

Definition of Terms and Symbols and Spectrophotometric Noise) to
remove noise effects. Smoothing is to be set at a minimum or made
to match the required operating conditions for the analysis. The
number of scans averaged matches that used in regular operation.

Frequency of Testing

Instrument qualification is performed at designated intervals or
following a repair or optical reconfiguration, such as lamp replace-
ment or substitution of a tablet analyzer accessory by a fiber-optic
probe. Tests include wavelength uncertainty, absorbance-scale lin-
earity, and high- and low-light-flux noise tests. Instrument qualifi-
cation tests require that specific tolerances be met. If the normal
reference standards cannot be used with the operating instrument
configuration, then a suitable alternate standard is run in that con-
figuration for use in the performance verification.
Performance verification is carried out on the instrument config-

ured for measurements and is done more frequently than instru-
ment qualification. Performance verification includes wavelength
uncertainty, absorbance-scale linearity, and high-light-level noise
tests. Wavelength uncertainty and absorbance-scale linearity tests
may be needed prior to any data collection on a given day. Perfor-
mance is verified by matching the current spectra to those collected
during the previous instrument qualification.

Instrument Operational Qualification

Wavelength uncertainty, photometric linearity, and spectropho-
tometric noise level specifications recommended for many phar-
maceutical analysis applications are shown in Table 1. Validation
of an analytical method requires establishment of the suitability
through testing of each of these specifications. [NOTE—Specifica-
tions in Table 1 are based on the results of a collaborative study.
The same principles apply outside of the range covered in this dis-
cussion.]
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Table 1. Recommended Near-IR Instrument Specificationsa

Wavelength Uncertainty SRM 1920a peaksb occur at 1261, 1681, and 1935 nm
Tolerances +1 nm at 1200 nm or +8 cm–1 at 8300 cm–1

+1 nm at 1600 nm or +4 cm–1 at 6250 cm–1

+1.5 nm at 2000 nm or +4 cm–1 at 5000 cm–1

Photometric Linearity AOBS vs AREF at 1200, 1600, and 2000 nm;c

slope = 1.0 + 0.05; intercept = 0.0 + 0.05
Spectrophotometric Noise measured for 100-nm (300 cm–1) segments between 1200 and 2200 nm (8300 and 4500

cm–1)
Average RMS for measurements
at high-light flux

less than 0.3 6 10–3; no RMS noise greater than 0.8 6 10–3

Average RMS for measurements
at low-light flux

less than 1 6 10–3; no RMS noise greater than 2.0 6 10–3

a A maximum nominal instrument bandwidth of 10 nm at 2500 nm or 16 cm–1 at 4000 cm–1 is appropriate for most applications.
b The nominal 1935-nm peak is sensitive to instrument bandwidth. Use the wavelength value supplied with SRM 1920a at the appropriate instrument bandwidth to determine

wavelength uncertainty.
c AOBS is the observed absorbance, and AREF is the tabulated absorbance of the reference reflectors at each of the three specified wavelengths.

Wavelength Uncertainty—[NOTE—The method used in devel-
oping wavelength uncertainty values is based on the NIST Center
of Gravity algorithm.] Potential problems with internal calibration
schemes are avoided by specifying appropriate independent exter-
nal wavelength standards. For the reflectance mode, the NIST
SRM 1920a reflectance standard is preferred.1 Standards contain-
ing dysprosium or holmium oxide are available. The nature and
type of background reference standard must also be specified. In
transmittance measurements, the corresponding rare earth solu-
tion2 or glass standards can be used. Solid or sealed standards
can be maintained similarly to a set of calibration weights to pro-
vide information on long-term stability.3

Photometric Linearity—Photometric qualification is based on
a set of transmission or reflectance standards of known relative
transmittance, or reflectance, usually expressed as percent trans-
mittance or reflectance. Spectra obtained from reflectance stan-
dards are subject to variability due to the difference between the
experimental conditions under which they are factory-calibrated
and those under which they are subsequently used. Hence, the per-
cent reflectance values supplied with a set of calibration standards
may not be useful to establish an ‘‘absolute’’ calibration for a given
instrument. However, as long as the standards have the same phy-
sical description, the same reference background is used, and the
target instrument measures each under identical settings, the repro-
ducibility of the photometric scale will be established over the
range of standards used. Subsequent measurements on the identical
set of standards give information on long-term stability. For ana-
lytes with absorbances below 1.0, use at least four reference stan-
dards in the range 10% to 90%. [NOTE—Lead sulfide or indium
gallium arsenide detectors have nearly linear response to absor-
bances below 2.0, but the instrument design can affect the overall

response linearity; hence, a need for multipoint calibrations arises.]
For analytes with absorbances that exceed 1.0, add a 2% or a 5%
standard, or both, to the regular set.
Spectrophotometric Noise—NIR instrument software may in-

clude built-in procedures to automatically determine system noise
and to provide a statistical report of noise or signal-to-noise ratio
over its operating range. Significant changes in the tabulated noise
level could signal the need for service. As previously discussed, it
is desirable to supplement such checks with measurements that do
not rely directly on manufacturer-supplied procedures. The method
involves measuring spectra of high- and low-reflectance reference
materials. The root-mean-square or peak-to-peak noise values (see
Definition of Terms and Symbols) in the resulting spectra can then
be compared to baseline values established for the instrument on
the same reference standard used during the last instrument quali-
fication cycle. Peak-to-peak noise comparison can be carried out
by visual inspection of overlaid plots. Preferably, a more thorough
analysis is performed by tabulating the root-mean-square (RMS)
noise level in successive 100-nm (300-cm–1) spectral segments
across the instrument’s range (see Definition of Terms and Sym-
bols). Calculate the RMS noise in the range from 1200 to 2200
nm by selecting a nominal wavelength every 100 nm and by com-
bining all data points in the range+50 nm from the nominal wave-
length; for example, at 1200 nm use all the points collected from
1150 to 1250 nm (see Table 1). Find the mean signal strength over
the range, and then calculate the root-mean-square deviations from
this mean. Use of deviations from the mean value in a range re-
duces the effect imparted by differences between the two scans.
The instrument noise is evaluated at high-light flux by measur-

ing reflectance of the reference standard, the reference standard act-
ing as the sample and the background reference. This gives the
inherent noise as a function of wavelength at high-light flux. Be-
cause this measurement can be done whenever a new reference
background is collected, very frequent noise checks can be made
easily.
In a similar procedure, noise measurements using a lower-reflec-

tivity reference material, a 10% or less reflectance standard being
recommended, are obtained to determine system output at reduced
light flux. This occurs when a highly absorbing or very low reflec-
tance sample is measured. The source, optics, detector, and electro-
nics make significant contributions to the noise under these
conditions.

1 A mixture of dysprosium, holmium, and erbium, NIST SRM 1920 may
be obtained from NIST, Gaithersburg, MD 20899: ‘‘AWavelength Standard
for the Near-IR Based on the Reflectance of Rare Earth Oxides,’’ J Res Natl
Bur Stand1986, 91(5):243–253. This reference material exhibits useful ca-
libration peaks in both the 700- to 1100-nm and 1100- to 2500-nm ranges.
Because there is no available calibration peak above 2000 nm in SRM
1920, an instrument cannot be considered wavelength-qualified in the
2000- to 2500-nm range.
2 Holmium oxide solution, NIST SRM 2034, (wavelength standard from
240 to 650 nm) may be used currently in the 650- to 1100-nm region
although bands are not certified in this region.
3 A rare earth oxide in glass transmission wavelength standard, SRM 2035,
has been certified recently by NIST. This standard may be used in transflec-
tance mode, but it is not currently certified for such use.
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Performance Verification

The objective is to ensure that no sudden wavelength calibration
shift or change in sensitivity occurs during the analysis. Once an
instrument has been set up for a specific analytical measurement, it
may no longer be possible or desirable to measure the wavelength
and photometric qualification reference standards as described
above. Provided instrument operational qualification has shown
that the equipment is acceptable for use, a single external perfor-
mance verification standard can be used to reverify function on a
continuing basis. The performance verification standard matches
the format of the samples in the current analysis as closely as pos-
sible and uses the same background spectrum. For example, for
tablet samples use a performance verification tablet of approxi-
mately the same size and shape and allow scanning conditions to
remain identical.4Quantitative measurement of this external perfor-
mance verification standard spectrum checks both the wavelength
calibration and the photometric accuracy. Favorable comparison of
a series of performance verification spectra demonstrates proper
continued operation of the instrument.&1S (USP27)

Add the following:

&METHOD VALIDATION

Introduction

The objective of the validation of an NIR method, as in

the case with the validation of any analytical procedure, is

to demonstrate that it is suitable for its intended purpose.

Quantitation by NIR is performed by reference to data ob-

tained from a primary method or a calibration set of samples

having known composition.

Although NIR is somewhat different from conventional

analytical techniques such that validation is generally

achieved through the assessment of specialized chemo-

metric parameters, these parameters can still be related to

the fundamental validation characteristics required for any

analytical method.

Data pretreatment is often a vital step in the chemometric

analysis of NIR spectral data. It can be defined as the math-

ematical transformation of the NIR spectral data to enhance

spectral features and/or remove or reduce unwanted sources

of variation prior to the development of the calibration mod-

el. Calibration is the process of constructing a mathematical

model to relate the response from an analytical instrument to

the properties of samples. Many suitable chemometric algo-

rithms for data pretreatment and calibration exist; the selec-

tion should be based on suitability for the intended use. Any

available data transform or algorithm that can be clearly de-

fined in an exact mathematical expression and gives suitable

results can be used.

Validation Parameters

Analytical performance characteristics that should be

considered for demonstrating the validation of NIR methods

are similar to those required for any analytical procedure. A

discussion of the general principles that apply is found in

Validation of Compendial Methods h1225i. These principles

should be considered typical for NIR procedures, but excep-

tions should be dealt with on a case-by-case basis. For qua-

litative NIR methods, refer to Analytical Performance

Characteristcs for Category IV assays under Validation of

Compendial Methods h1225i; quantitative NIR methods

will correspond to the Analytical Performance Characteris-

tics for Category I and Category II assays in the chapter.

Specific acceptance criteria for each validation parameter

must be consistent with the intended use of the method.

Specificity—The extent of specificity testing is dependent

on the intended application. Lack of specificity of the NIR

method can be compensated by other supporting analytical

procedures.

Demonstration of specificity in NIR methods may be ac-

complished by using the following approaches:

Qualitative

� Potential challenges should be presented to the spectral

reference library. These can be materials received on

site that are similar to library members in visual appear-

ance, chemical structure, or by name. These challenges

must fail identification. Independent samples of materi-

als represented in the library, but not used to create it
4 USP has two materials suitable for performance verification. For powder
work, Calcium Ascorbate is available as a reference calibrator. For most
tablets, Acetaminophen Tablets can be supplied as a reference material.
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(i.e., different batches, blends), must give positive iden-

tifications when analyzed.

Quantitative

� Wavelengths used in the calibration model can be com-

pared to the known bands of the analyte of interest and

those of the matrix to verify that the bands of the ana-

lyte of interest are being used in the calibration.

� Wavelengths used for the calibration (e.g., for multiple

linear regression models (MLR) or the loadings for the

factors used (e.g., for partial least squares [PLS] or prin-

cipal component regression [PCR] models) can be ex-

amined to check if they are using the actual

spectroscopic information from the analyte of interest.

� For PLS and PCR calibrations, the coefficients can be

plotted and the regions of large coefficients compared

with the spectrum of the analyte.

� Quantitative measurements may be demonstrated in the

presence of variations in the matrix, within the specified

method range.

Linearity—The validation of NIR linearity involves the

demonstration of correlated NIR response to samples dis-

tributed throughout the defined range of the calibration

model.

Demonstration of linearity in NIR methods may be ac-

complished using the following approaches:

� The slope and y-intercept (bias) for the predicted vali-

dation set can be used together with a plot of the data.

Many statistical methods are available for evaluation of

the significance of the slope and bias. Other applicable

statistics may be used as appropriate.

� Statistical tests such as Durbin–Watson are available for

the determination of linearity. Other applicable statis-

tics may be used as appropriate.

The correlation coefficient, r2, r, is not a true measure of

linearity, but is rather a measure of the fraction of variation

in the data that is adequately modeled by the equation. It is

dependent on the standard error of the calibration equation

(and hence the reference method) and on the range of the

calibration data.

Range—The range of analyte reference values in the va-

lidation set defines the range of the NIR method. The range

of analyte reference values also effectively defines the quan-

titation limits for an NIR method. Controls must be in place

to ensure that results outside the validated range are not ac-

cepted. In certain circumstances, it may not be possible or

desirable to extend the validated range to cover the specifi-

cations or expected process variability for the entire life cy-

cle of the process. Examples of situations in which only a

limited sample range may be available are samples from a

controlled manufacturing process and in-process samples. A

limited sample set does not preclude the use of an NIR

method.

The validation procedure for a quantitative NIR method

should generate an outlier result when a sample containing

analyte outside of the calibration range is measured. This

outlier result does not indicate an out-of-specification result.

An outlier result from the NIR measurement indicates that

further testing of the sample is required. If subsequent test-

ing of the sample by an appropriate method indicates that

the analyte content is within specifications, then the sample

should be considered to have met those specifications. Thus,

measurement of a sample by NIR may generate an outlier

result and the sample may still meet specifications for the

analyte of interest.

Accuracy—Accuracy for NIR methods is demonstrated

by correlation of NIR results with analytical reference data.

Demonstration of accuracy in NIR methods may be ac-

complished using the following approaches:

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
Vol. 29(3) [May–June 2003] IN-PROCESS REVISION 745



� Accuracy can be indicated by how close the standard

error of prediction (SEP) is to the standard error of

the reference method used for validation. The error of

the reference method may be known on the basis of his-

torical data or a determination of standard error of the

laboratory (SEL) may be carried out.

� Several statistical comparison methods can be applied

to the predicted validation set and reference values to

determine if there is any statistical difference between

the results of each method at a specified confidence lim-

it (e.g., paired t-test, bias evaluation).

Precision—Precision of an NIR method expresses the

closeness of agreement between a series of measurements

under the prescribed conditions. There are two levels of pre-

cision that may be considered: repeatability and intermedi-

ate precision. The precision of an NIR method is typically

expressed as the relative standard deviation of a series of

predictions and should be equivalent or better than the pre-

cision of the reference method used for validation.

Demonstration of precision in NIR methods may be ac-

complished using the following approaches:

Repeatability

� Statistical evaluation of a number of replicate measure-

ments of the same sample without variation in sample

position.

� Statistical evaluation of multiple sample positionings or

aliquots, as appropriate.

Intermediate Precision

� Statistical evaluation of a number of replicate measure-

ments by different analysts on different days.

Robustness—The challenges performed in this category

will vary depending on the application and sampling tech-

nique. Some of the challenges may be covered as part of the

development of the method.

Typical challenges are the following:

� Effect of environmental conditions (e.g., temperature,

humidity)

� Effect of sample temperature

� Sample handling (e.g., probe depth, compression of

material, sample depth/thickness, sample position)

� Influence of instrument changes (e.g., lamp change,

warm up time)

Ongoing Model Evaluation

NIR models validated for use should be the subject of on-

going performance evaluation, which may include the

monitoring of accuracy, precision, or other suitable para-

meters. If unacceptable performance is indicated, corrective

action will be necessary. This will involve initial investiga-

tions into the cause of the discrepancy and may indicate that

the calibration model is not performing satisfactorily. Main-

tenance of the model will then be required and may involve

revalidation of the model. The degree of revalidation re-

quired depends on the nature of the changes. Appropriate

change controls should be established to cover these proce-

dures.

Revalidation of a qualitative model may be necessary as a

result of the folowing:

� Addition of a new material to the spectral reference li-

brary

� Changes in the physical properties of the material

� Changes in the source of supply

� Coverage of a wider range of characteristics of a ma-

terial

Revalidation of a quantitative model may be necessary as

a result of the following:

� Changes in the composition of the finished product

� Changes in the manufacturing process
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� Changes in the sources or grades of raw materials

� Changes in the reference analytical method

Model Transfer

The model for an NIR method is developed, stored and

applied in electronic form as part of an appropriate instru-

ment/software package. When a model is transferred to an-

other instrument, procedures and criteria must be applied to

demonstrate that the model remains valid on the second in-

strument. In general, electronic model transfer is only re-

commended for another instrument of the same type and

configuration. A number of model transfer procedures exist

and can be applied as appropriate. Procedures involve the

use of various chemometric (mathematical and statistical)

approaches with appropriate validation.&1S (USP27)

Delete the following:

&DEFINITION OF TERMS AND SYMBOLS

ABSORBANCE, A, is represented by the equation:

A = –log(I/I0) or A = –log T = log(1/r),

in which, in transmittance measurements, I0 is the intensity of the
radiant energy from the source, and includes losses due to solvent
absorption, refraction, and scattering when the sample is not pre-
sent; or in reflectance measurements, I0 is the intensity of radiation
indirectly reflected from the background reference material, and
also incorporates any losses independent of the sample; I is the in-
tensity of the radiation, at the same wavelength, passing through or
reflected from the sample; and T and r are the transmittance and the
reflectance, respectively.
ABSORBANCE SPECTRUM is a display or plot of absorbance as a

function of wavelength, in nm, or energy, in cm–1.
BACKGROUND SPECTRUM is also referred to as a reference spec-

trum, background reference, or, for reflectance, a white standard.
This is a spectrum of transmitted or reflected light intensity as a
function of wavelength that does not contain any spectral features
due to the analyte. In reflectance measurements, a highly reflective
standard reference material is used. A ratio of this spectrum to that
of the sample radiation intensities produces a transmittance or re-
flectance spectrum.
DATA RESOLUTION is the spacing, in nm or cm–1, between the

data points collected in a spectrum.
DIFFUSE REFLECTANCE is that portion of radiated light penetrat-

ing the sample surface, interacting with the analyte material, and
being reflected back to the detector. This is the component of the
overall reflectance that produces the absorbance spectrum of the
sample.
FIBER-OPTICPROBES generally used in NIR reflectance comprise

two components: an optic fiber, which may vary in length and in
the number of fibers, and a terminus, which contains specially de-
signed optics for examination of the sample matrix.

FIBER-OPTICPROBE CONFIGURATION is an instrument setup that
incorporates the use of a fiber-optic probe. Small lengths of fiber
used as components of sampling interfaces are not included in this
configuration.
INSTRUMENT BANDWIDTH—See Spectral Resolution.
INSTRUMENT OPERATIONAL QUALIFICATION, also referred to as

instrument qualification, is the process of providing documented
evidence that the instrument performs according to its specifica-
tions, and that it can perform the intended task. This process is re-
quired following any significant change such as instrument
installation, relocation, major repair, and so forth.
INSTRUMENT VERIFICATION—See Performance Verification.
METHOD VALIDATION is the process of establishing and docu-

menting that a developed method of analysis is suitable for its in-
tended application.
MULTIPLICATIVE SCATTER CORRECTION (MSC) is the spectral

preprocessing technique for samples with similar profiles used to
minimize spectral differences arising from the discrepancies in
characteristics such as particle size, shape, and packing. Other al-
gorithms are also available.
NOISE SPECTRUM—See Spectrophotometric Noise.
PEAK-TO-PEAKNOISE is the difference between the maximum

and the minimum values of absorbance defined within a restricted
wavelength or energy range of a noise spectrum.
PERFORMANCE VERIFICATION, also known as instrument verifi-

cation, is the process of using one or more well-characterized
and stable reference materials to verify that instrument response
is equivalent to that previously characterized. Verification may em-
ploy the same or different standards for different performance char-
acteristics.
PERFORMANCE VERIFICATION STANDARD is a reference material

used to establish consistent instrument performance with respect to
wavelength and absorbance-scale precision.
PHOTOMETRIC PERFORMANCE VERIFICATION, also referred to as

the absorbance-scale performance verification, is the process of
verifying the response of the photometric scale of an instrument.
This requires a minimum of four transmittance or reflectance stan-
dards spanning the range from 10% to 90%. [NOTE—A typical set
of four reflectance references might be 10%, 20%, 40%, and 80%
with 1.0, 0.7, 0.4, and 0.1 as their respective absorbances.] Trans-
mittance standards are not currently available.
POLYMORPHISM is the property of crystallizing in two or more

crystalline forms. Such solids, called polymorphs, have the same
chemical composition (empirical formula) and molecular structure
but differ in the arrangement or conformation of the molecules in
the crystal lattice.
REFERENCE SPECTRUM—See Background Spectrum.
REFLECTANCE is described by the equation:

r = I/I0,

in which I is the intensity of radiation reflected from the surface of
the sample; and I0 is the intensity of radiation reflected from a back-
ground reference material and incorporates losses due to solvent
absorption, refraction, and scattering.
ROOT-MEAN-SQUARE (RMS) NOISE is reported for the mid-point

of the selected spectral range, and it is calculated by the equation:

in whichAi is the absorbance for each data point; and A is the mean
absorbance over the spectral segment, typically 100-nm segment,
of N data points.
SMOOTHING is the process of averaging or otherwise fitting

neighboring data points in a spectrum to achieve noise suppression.
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SPECTRAL RESOLUTION, also called instrument bandwidth, is a
measure of the ability of a spectrometer to separate adjacent narrow
spectral lines. Spectral resolution of an instrument is affected by all
optical elements in the system, namely, the source geometry, aper-
tures, lenses, mirrors, detector elements, diffraction grating, etc.
The line width at half-intensity of a narrow-band laser source or
a very sharp absorption peak can be used to measure resolution.
SPECTROPHOTOMETRIC NOISE is also referred to as noise spec-

trum. High-flux and low-flux determinations exist. In high-flux
transmittance measurements, the baseline absorbance spectrum is
obtained in the absence of the sample. For high-flux reflectance
measurements, the absorbance spectrum of the 100%r standard ref-
erence material is obtained using the same 100%r standard as the
reference and the sample. Low-flux transmittance spectrum em-
ploys a 10%T neutral density reference filter. [NOTE—In single-
beam transmittance, the 10%T filter may be used as the reference
spectrum.] For low-flux reflectance measurement, the absorbance
spectrum of a 10%r standard material is obtained by using the same
10%r standard as the reference spectrum.
SPECULARREFLECTANCE, also known as mirror reflection, is that

portion of the radiation not interacting with the sample but simply
reflecting back from the sample surface layer (sample-air inter-
face).
TRANSFLECTANCE is a transmittance measurement technique

where the radiation traverses the sample twice, the second time
after being reflected from a surface behind the sample.
TRANSMITTANCE is represented by the equation:

T = I/I0 or T = 10–A,

in which I is the intensity of the radiation transmitted through the
sample;I0 is the intensity of the radiant energy incident on the sam-
ple and includes losses due to solvent absorption, refraction, and
scattering; and A is the absorbance.
WAVELENGTH CALIBRATION is the process by which an internal

standard material, such as polystyrene, is used to correct the wave-
length scale applied to the sensor responses. This process is typi-
cally predefined in the software and hardware configuration of the
instrument.
WAVELENGTHVERIFICATION is the process of using a wavelength

verification standard (e.g., SRM 1920a) to verify the wavelength
uncertainty of an instrument.&1S (USP27)

Add the following:

&GLOSSARY

ABSORBANCE, A, is represented by the equation:

A = –log T = log (1/T) or A = log (I/R)

in which T and R are the transmittance and the reflectance,

respectively.

BACKGROUNDSPECTRUM is also referred to as a reference

spectrum or background reference. A ratio of this spectrum

to that of the sample radiation intensities produces a trans-

mittance or reflectance spectrum. For example, in reflec-

tance measurements, a highly reflective standard reference

material is used.

CALIBRATION MODEL is a mathematical expression to re-

late the response from an analytical instrument to the prop-

erties of samples.

DIFFUSEREFLECTANCE is that portion of radiated light pe-

netrating the sample surface, interacting with the analyte

material, and being reflected back to the detector. This is

the component of the overall reflectance that produces the

absorbance spectrum of the sample.

DURBIN–WATSON is a method of testing the linearity of a

calibration by comparing the sum of squares of successive

calibration residuals to the sum of squares of the calibration

residuals around their mean. The expected value of the Dur-

bin–Watson statistic for random, independent, normally dis-

tributed residuals is two.

FIBER-OPTIC PROBES consist of two components: optical

fibers, which may vary in length and in the number of fibers,

and a terminus, which contains specially designed optics for

examination of the sample matrix.

INSTRUMENT BANDWIDTH—is a measure of the ability of

a spectrometer to separate radiation of similar wavelengths.

MULTIPLE LINEAR REGRESSION is a calibration algorithm

used to relate the response from an analytical instrument to

the properties of samples. The distinguishing feature of this

algorithm is the use of a limited number of independent vari-

ables. Linear-least-squares calculations are performed to es-

tablish a relationship between these independent variables

and the properties of the samples.

OPERATIONAL QUALIFICATION is the process by which it

is demonstrated and documented that the instrument per-

forms according to specifications, and that it can perform

the intended task. This process is required following any

significant change such as instrument installation, reloca-

tion, major repair, etc.

PARTIAL LEAST SQUARES (PLS) is a calibration algorithm

used to relate instrument responses to the properties of sam-

ples. The distinguishing feature of this algorithm is that,
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while similar to PCR, this algorithm includes data concern-

ing the properties of the samples used for calibration in the

calculation of the factors used to describe the instrument re-

sponses.

PHOTOMETRIC LINEARITY, also referred to as photometric

verification, is the process of verifying the response of the

photometric scale of an instrument.

PRINCIPAL COMPONENT REGRESSION (PCR) is a calibra-

tion algorithm used to relate the response from an analytical

instrument to the properties of samples. This algorithm,

which expresses a set of independent variables as a linear

combination of factors, is a method of relating those factors

to the properties of the samples for which the independent

variables were obtained.

PERFORMANCE QUALIFICATION, also known as perfor-

mance verification, is the process of using one or more

well-characterized and stable reference materials to verify

consistent instrument performance. Qualification may em-

ploy the same or different standards for different perfor-

mance characteristics.

REFERENCE SPECTRUM—See Background Spectrum.

REFLECTANCE is described by the equation:

R = I/Ir ,

in which I is the intensity of radiation reflected from the sur-

face of the sample; and Ir is the intensity of radiation re-

flected from a background reference material and its

incorporated losses due to solvent absorption, refraction,

and scattering.

ROOT-MEAN-SQUARE (RMS) NOISE is calculated by the

equation:

in which Aki (with k = 1,2) is the value for each data point;

and N is the number of points per segment.

SPECTRAL REFERENCE LIBRARY is a collection of spectra

of known materials used for the purpose of comparison with

unknown materials. The term is commonly used in connec-

tion with qualitative methods of spectral analysis (e.g., iden-

tification of materials).

STANDARD ERROR OF THE LABORATORY (SEL) is a calcu-

lation based on repeated readings of one or more samples to

estimate the precision and/or accuracy of the reference la-

boratory method, depending on how the data was collected.

STANDARD ERROR OF PREDICTION (SEP) is a measure of

accuracy of an analytical method based on applying a given

calibration model to the spectral data from a set of samples

different from but similar to those used to calculate the cali-

bration model. The SEP is the standard deviation of the re-

siduals obtained from comparing the values from the

reference laboratory to those from the method under test,

for the specified samples. The SEP provides a measure of

the accuracy expected when measuring future samples.

SURFACE REFLECTANCE, also known as specular reflec-

tion, is that portion of the radiation not interacting with

the sample but simply reflecting back from the sample sur-

face layer (sample-air interface).

TRANSFLECTANCE is a transmittance measurement techni-

que in which the radiation traverses the sample twice, the

second time after being reflected from a surface behind

the sample.

TRANSMITTANCE is represented by the equation:

T = I/I0 or T = 10–A,

in which I is the intensity of the radiation transmitted

through the sample; I0 is the intensity of the radiant energy

incident on the sample and includes losses due to solvent

absorption, refraction, and scattering; and A is the absor-

bance.&1S (USP27)
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BRIEFING

h1206i Sterile Drug Products for Home Use, USP 26 page
2417 and page 498 of PF 28(2) [Mar.–Apr. 2002]. During the
months of May through July of 2002, after the revision of the chap-
ter name to Pharmaceutical Compounding—Sterile Preparations
h797i, approximately 150 comments were reviewed from 10 phar-
macy businesses, organizations, and practitioners. In July 2002,
specific members of the Parenteral Products—Compounding and
Preparations Committee (PCEC) of the USP Council of Experts
were assigned to analyze comments from specific sources and pro-
pose revision action before holding meetings of the full Expert
Committee. The PCEC, known informally as the ‘‘USP sterile
compounding committee,’’ is comprised of eight volunteer phar-
macists whose employers include academic institutions, hospitals,
corporate and private pharmacies, and the FDA. In addition, an-
other pharmacist from the FDA contributed as the FDA-USP liai-
son.
During the two-day meetings in October and in November, the

Expert Committee met in Rockville, MD to deliberate and adopt,
by consensus, revised content and organization of Pharmaceutical
Compounding—Sterile Preparations h797i. The revision of h797i
in this Pharmacopeial Forum issue resulted from exemplary deter-
mination and effort by the Expert Committee and the USP support
staff to describe practices and standards for sterile compounding
that will prevent patient death and injury without imposing manu-
facturing-level rigor and expense. The Expert Committee is grate-
ful to those parties whose thorough critiques of the draft in PF
28(2) offered helpful guidance.
The contents of the previous draft were revised and re-evaluated

to reflect the comments received from the various parties. A few
new insertions were made, including two new figures to show ex-
amples of clean room floor plans, an ISO classification table of par-
ticulate matter, and an Appendix to summarize the different risk
levels.

A discussion of the comments received and the Expert Commit-
tee’s response to these comments may be published as a stimuli
article in a future number of PF. Please address any public com-
ment to Dr. Claudia Okeke.

(PPC: C. Okeke) RTS—38382-4

Change to read:

h1206 iSTERILE DRUG
PRODUCTS FOR HOME USE
PREPARATIONS—PHARMACY
PRACTICES

.h797i PHARMACEUTICAL
COMPOUNDING—STERILE
PREPARATIONS.4

Change to read:

A home-use sterile drug product (SP) is a drug product requiring
sterility, such as injectables and ophthalmics, that is prepared in
and dispensed from a licensed pharmacy for intended administra-
tion by the patient or by a family member or other caregiver in a
setting other than an organized, professionally staffed health care

facility. The residence or other location to which an SP is delivered
typically is not equipped to ensure injectable drug quality as de-
scribed in this chapter and is not under the direct supervision of
the dispensing pharmacist.
This chapter explains in detail various procedures necessary to

prepare and dispense sterile drug products intended for home use:
the validation of sterilization and aseptic processes, the quality and
control of environmental conditions for aseptic operations, person-
nel training, aseptic techniques, finished product release testing,
storage, expiration dating and beyond-use dating, the control of
product quality beyond the pharmacy, patient or caregiver training,
patient monitoring and complaints, and finally, a quality assurance
program. This information is not prescriptive, nor does it exclude
alternate practices. However, alternatives when used should be
shown, on the basis of valid evidence, to be at least as suitable,
effective, and reliable as the practices provided herein.
A sterile preparation (SP) is a drug product requiring sterility,

such as injectables and ophthalmics, that is prepared in and dis-
pensed from a licensed pharmacy for intended administration to
or by the patient in an organized, professionally staffed health care
facility or home care setting.
This chapter explains in detail various procedures necessary to

prepare, dispense, and control the post-dispensing quality of sterile
preparations. The following contents apply equally to sterile pro-
ducts for use in an organized health care setting and to those in a
home care setting: the validation of sterilization and aseptic pro-
cesses, the quality and control of environmental conditions for
aseptic operations, personnel training, aseptic techniques, finished
product release testing, storage and expiration dating, and a quality
assurance program. In addition, procedures necessary to maintain
product quality and control are explained for both an organized
health care setting and for a home care setting.

.INTRODUCTION

This chapter provides procedures and requirements for

compounding sterile preparations. Sterile compounding

must be performed or supervised by a qualified licensed

healthcare professional, usually a pharmacist or a physician,

using the appropriate components and ingredients, effective

procedures, and accurate measurements in high air-quality

environments. Sterile compounding is different from non-

sterile compounding, which is described under Pharmaceu-

tical Compounding—Nonsterile Preparations h795i and

Good Compounding Practices h1075i.

In this chapter, emphasis is on the quality control of the

components and processes utilized, the responsibilities and

performance of compounding personnel, and the environ-

mental conditions under which sterile preparations are com-

pounded and the associated processes performed.

Compounded sterile preparations (CSPs) are intended to
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be sterile when administered. For the purposes of this chap-

ter, CSPs include the following: Sterile compounding differs

from nonsterile compounding (see Pharmaceutical Com-

pounding —Nonsterile Preparations h795i and Good Com-

pounding Practices h1075i) primarily by requiring a test for

sterility. Sterile compounding also requires cleaner facil-

ities; specific training and testing of personnel in principles

and practices of aseptic manipulations; air quality evalua-

tion and maintenance; and sound knowledge of sterilization

and solution stability principles and practices. Greater care

is required for aqueous injections that are compounded ster-

ile preparations (CSPs)—the most common CSPs used in

therapy. Aqueous injections for administration into the vas-

cular and central nervous systems pose the greatest risk of

harm to patients if there are issues of nonsterility and large

errors in ingredients.

The intent of this chapter is to prevent harm and fatality to

patients that could result from microbial contamination

(nonsterility), excessive bacterial endotoxins, large content

errors in the strength of correct ingredients, and incorrect in-

gredients in CSPs. The quality control and testing for CSPs

in this chapter are appropriate and necessary. The content of

this chapter applies to health care institutions, pharmacies,

physician practice facilities, and other facilities in which

CSPs are prepared, stored, and dispensed. For the purposes

of this chapter, CSPs include any of the following:

a. Preparations obtained from any manipulation of a man-

ufactured sterile product that is not included in the la-

beling of the product. Preparations prepared according

to the maufacturer’s labeled instructions and other ma-

nipulations when manufacturing sterile products that

expose the original contents to potential contamination.

b. Preparations containing nonsterile ingredients or em-

ploying nonsterile components and devices that must

be sterilized before administration.

c. Biologics, diagnostics, drugs, nutrients, and radiophar-

maceuticals that possess either of the above two char-

acteristics, and which include, but are not limited to,

baths and soaks for live organs and tissues, implants,

inhalations, injections, powders for injection, irriga-

tions, metered sprays, and ophthalmic and otic prepara-

tions.

The sections in this chapter are organized to facilitate

practitioners’ understanding of the fundamental accuracy

and quality practices of CSPs. They provide a foundation

for the development and implementation of essential proce-

dures for the safe preparation of CSP’s in the three risk le-

vels, which are classified according to the potential for

microbial, chemical, and physical contamination. The chap-

ter is divided into the following main sections:

� Responsibilities of all compounding personnel

� The basis for the classification of a CSP into a low-, me-

dium-, and high-risk level, with examples of CSPs and

their quality assurance practices in each of these risk

levels

� Verification of compounding accuracy and sterilization

� Personnel training and evaluation in aseptic manipula-

tion skills, including representative sterile microbial

culture medium transfer and fill challenges

� Environmental quality and control during the proces-

sing of CSPs

� Equipment used in the preparation of CSPs

� Verification of automated compounding devices for

parenteral nutrition compounding

� Finished preparation release checks and tests

� Storage and beyond-use dating

� Maintaining product quality and control after CSPs

leave the compounding facility, including education

and training of personnel

� Packing, handling, storage, and transport of CSPs
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� Patient or caregiver training

� Patient monitoring and adverse events reporting

� A quality assurance program for CSPs

It is the ultimate responsibility of all personnel who prepare

CSPs to understand these fundamental practices and precau-

tions, to develop and implement appropriate procedures,

and to continually evaluate these procedures and the quality

of final CSPs to prevent harm and fatality to patients who

are treated with CSPs..4

Delete the following:

.RESPONSIBILITY OF THE DISPENSING
PHARMACIST

A pharmacist dispensing any SP is responsible for ensuring that
the product has been prepared, labeled, controlled, stored, dis-
pensed, and distributed properly. This includes the responsibility
for ensuring that the SP is kept under appropriate controlled con-
ditions at the location of use and that it is administered properly
through adequate labeling and verbal or written instructions. The
dispensing pharmacist is also responsible for ensuring that the SP
retains its quality attributes within acceptable limits through a writ-
ten quality assurance program. This program should ensure that for
the entire labeled life of the product, or until manipulated by the
clinician, patient, or caregiver, the potency, pH, sterility, freedom
from pyrogens, particulate limits, container integrity, appearance,
and other qualities or characteristics that the SP is expected to have
do exist. The quality assurance program should encompass every
SP under the pharmacy’s control and includes all phases of its prep-
aration, distribution, storage, administration, and use. The dispen-
sing pharmacy should employ proper analytical testing, where
appropriate, to ensure the microbiological, chemical, and physical
quality of all SPs. These responsibilities apply equally to commer-
cially available injectable drug products that are dispensed to pa-
tients without compounding or other manipulation and to SPs that
have been repackaged, reconstituted, diluted, admixed, blended, or
otherwise manipulated (collectively referred to as ‘‘Com-
pounded’’) in any way prior to dispensing. The pharmacist is re-
sponsible for ensuring that quality is built into the preparation of
products, with key factors including at least the following general
principles:
(1) Personnel are capable and qualified to perform their assigned

duties.
(2) Ingredients used in compounding have their expected iden-

tity, quality, and purity.
(3) Critical processes are validated to ensure that procedures,

when used, will consistently result in the expected qualities
in the finished product.

(4) The production environment is suitable for its intended pur-
pose (addressing such matters as environmental cleanliness,
control, monitoring, and the setting of action limits, as appro-
priate).

(5) Appropriate release checks or testing procedures are per-
formed to ensure that finished products have their expected
potency, purity, quality, and characteristics at the time of re-
lease.

(6) Appropriate stability evaluation is performed or determined
from the literature for establishing reliable beyond-use dating

to ensure that finished products have their expected potency,
purity, quality, and characteristics at least until the labeled be-
yond-use date.

(7) There is assurance that processes are always carried out as
intended or specified and are under control.

(8) Preparation conditions and procedures are adequate for pre-
venting mixups.

(9) There are adequate procedures and records for investigating
and correcting failures or problems in preparation, testing, or
in the product itself.

(10) There is adequate separation of quality control functions and
decisions from those of production.

Emphasis in this chapter is placed upon the quality and the con-
trol of the processes utilized, personnel performance, and the en-
vironmental conditions under which the processes are performed.
Other factors, such as testing and stability, are addressed to the ex-
tent necessary for the limited quantities of products with relatively
short beyond-use dating periods normally associated with home
care pharmacy practice. This chapter is not intended to address is-
sues concerning the manufacture of sterile drug products..4

Add the following:

.RESPONSIBILITY OF COMPOUNDING
PERSONNEL

Compounding personnel is are responsible for ensuring

that CSPs are accurately identified, measured, diluted, and

mixed; and are correctly purified, sterilized, packaged,

sealed, labeled, stored, dispensed, and distributed. These

performance responsibilities include maintaining appropri-

ate cleanliness conditions and providing labeling and sup-

p lementa ry ins t ruc t ions for the proper c l in ica l

administration of CSPs.

All CSPs for administration by injection shall meet the

purity and labeling requirements under Injections h1i and

Particulate Matter in Injections h788i. The dispenser shall

ensure CSPs maintain their correct strength within 10% of

their labeled values, unless a narrower limit is specified in

the official monograph, until either the beyond-use date is

reached or the CSP is manipulated for clinical administra-

tion before the beyond-use date. Compounding supervisors

shall ensure through either direct measurement or appropri-

ate information sources that specific CSPs maintain their la-

beled strength within monograph limits for USP articles, or
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within 10% if not specified, until their beyond-use dates. All

CSPs are prepared in a manner that maintains sterility and

minimizes the introduction of particulate matter.

Awritten quality assurance protocol shall include specific

in-process checks for procedure includes the following in-

process checks that are applied, as is appropriate, to specific

CSPs: accuracy and precision of measuring and weighing;

the requirement for sterility; methods of sterilization and

purification; safe limits and ranges for strength of ingredi-

ents, bacterial endotoxins, particulate matter, and pH; label-

ing accuracy and completeness; beyond-use date

assignment; and packaging and storage requirements. The

dispenser shall, when appropriate and practicable, obtain

and evaluate results of testing for identity, strength, purity,

and sterility before a CSP is dispensed. Qualified licensed

health care professionals who supervise compounding and

dispensing of CSPs shall ensure that the following objec-

tives are achieved.

1. Compounding personnel is adequately skilled, edu-

cated, and instructed. Personnel is trained to properly

perform antiseptic hand washing; disinfection of non-

sterile compounding surfaces; selection and wearing

of protective gowns, gloves, and masks; accurate and

aseptic physical manipulations; sterilization of high-

risk CSPs; and evaluation of the quality of components

and ingredients. Compounding personnel are ade-

quately skilled, educated, instructed, and trained to cor-

rectly perform and document the following activities in

their sterile compounding duties:

a. Perform antiseptic hand cleansing and disinfection

of nonsterile compounding surfaces;

b. Select and appropriately don protective gloves,

goggles, gowns, masks, and hair and shoe covers;

c. Use laminar flow clean-air hoods, barrier isolators,

and other contamination control devices that are

appropriate for the risk level;

d. Identify, weigh, and measure ingredients; and

e. Manipulate sterile products aseptically, sterilize

high-risk level CSPs, and label and quality inspect

CSPs.

2. Ingredients have their correct identity, quality, and pur-

ity.

3. Opened, partially used packages of nonsterile bulk in-

gredients for CSPs are stored under tamper-evident

conditions in the compounding facility, and evaluated

to ensure they retain their correct qualities before each

use. Opened or partially used packages of ingredients

for subsequent use in CSPs are properly stored under

restricted access conditions in the compounding facil-

ity. Such packages cannot be used when visual inspec-

tion detects unauthorized breaks in the container,

closure, and seal; when the contents do not possess

the expected appearance, aroma, and texture; when

the contents do not pass identification tests specified

by the compounding facility; and when either the be-

yond-use or expiration date has been exceeded.

4. To minimize the generation of bacterial endotoxins,

water-containing preparations that are nonsterile during

any phase of the compounding process are sterilized

within 4 hours of the initiation of the compounding pro-

cess. CSPs that are nonsterile during any phase of the

compounding procedure are sterilized within 6 hours

after completing the preparation.

5. Sterilization methods achieve sterility of CSPs , and

maintain while maintaining the labeled strength of ac-

tive ingredients, and do not result in production of toxic

substances or damage to packaging. and the physical

integrity of packaging.
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6. Measuring, mixing, sterilizing, and purifying devices

are properly cleaned and validated to be accurate and

effective. clean, appropriately accurate, and effective

for their intended uses.

7. Potential harm from added substances and differences

in rate and extent of bioavailability of active ingredients

for other than oral route of administration are carefully

evaluated before such CSPs are dispensed and adminis-

tered.

8. Packaging is proven to be compatible and effective.

Packaging selected for CSPs is appropriate to preserve

the sterility and strength until the beyond-use date.

9. While being used, the compounding environment

maintains the sterility or the presterilization purity,

whichever is appropriate, of the CSP.

10. Appropriate tests and inspections are performed prior to

dispensing to ensure that the CSPs have their labeled

identity, strength, purity, and sterility. Labels on CSPs

list the names and amounts or concentrations of all in-

gredients. Before being dispensed, and or administered,

the clarity of solutions are visually confirmed; also the

identity and amounts of ingredients, procedures to pre-

pare and sterilize CSPs, and specific release criteria are

reviewed to assure their accuracy and completeness.

11. Beyond-use dates are assigned based on direct testing

or extrapolation from reliable literature sources and

other documentation (see Stability Criteria and Be-

yond-Use Dating under Pharmaceutical Compound-

ing—Nonsterile Preparations h795i).

12. Procedures for measuring, mixing, dilution, purifica-

tion, sterilization, packaging, and labeling conform to

the correct sequence and quality established for the spe-

cified CSP.

13. Deficiencies in compounding, labeling, packaging, and

quality testing and inspection can be rapidly identified

and corrected.

14. Compounding procedures and manipulations are

clearly separated from quality testing and inspection.

When time and personnel availability so permit, com-

pounding manipulations and procedures are separated

from postcompounding quality inspection and review

before CSPs are dispensed and administered.

This chapter emphasizes the need to maintain high stan-

dards for the quality and control of processes, components,

and environments; and for the skill and knowledge of per-

sonnel who prepare CSPs. The rigor of in-process quality-

control checks and of postcompounding quality inspection

and testing increases corresponding to the potential hazard

of the route of administration. For example, nonsterility, and

large strength-of-ingredient errors are more dangerous with

intravenous injections than with subcutaneous injections.

Unlike the case for nonsterile compounding (see Pharma-

ceutical Compounding—Nonsterile Preparations h795i),

CSPs such as total parenteral nutrition and palliative hospice

care preparations may be necessary in larger quantities for

longer duration. excessive bacterial endotoxin contamina-

tion, large errors in strength of correct ingredients, and in-

correct ingredients in CSPs are potentially more dangerous

to patients when the CSPs are administered into the vascular

and central nervous systems than when administered by

most other routes..4

Delete the following:

.RISK LEVELS

With reference to the microbiological quality (i.e., sterility) of
the finished drug product, an SP, in general, is compounded under
either relatively low-risk or high-risk conditions, as determined by
the potential for the introduction of microbial contamination. This
contamination may result from the use of nonsterile components;
novel, complex, or prolonged aseptic processes; or open exposure
of the drug product or product containment devices to the atmos-
phere. In addition, long storage time between compounding and
initiation of administration may affect the microbiological quality
of the finished drug product.
The characteristics itemized below to distinguish between the

high-risk and low-risk levels are intended to provide conceptual
guidance and are not intended to be prescriptive. The pharmacist
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is expected to exercise professional judgment on a case-by-case
basis when determining the risk level that would be appropriate
for a particular process.

Low-Risk

An SP is considered to be aseptically processed under low-risk
conditions when all of the following conditions prevail:
(1) The finished product is compounded with commercially

available, sterile drug products.
(2) Compounding involves only basic, and relatively few, aseptic

manipulations that are promptly executed.
(3) ‘‘Closed system’’ transfers are used: the container-closure

system remains essentially intact throughout the aseptic pro-
cess, compromised only by the penetration of a sterile, pyro-
gen-free needle or cannula through the designated stopper or
port to affect transfer, withdrawal, or delivery in accordance
with the labeled instructions for the pertinent, commercially
available devices. Opened ampuls should be regarded as if
they are closed systems for purposes of this chapter.

Examples of low-risk processes include the following:
(1) Transferring sterile drug products from vials or ampuls into

sterile final containers using a sterile needle and syringe.
(2) Transferring sterile drug products into sterile elastomeric in-

fusion containers with the aid of a mechanical pump and an
appropriate sterile transfer tubing device, with or without the
subsequent addition of sterile drug products to the infusion
container with a sterile needle and syringe.

(3) Compounding sterile nutritional solutions by combiningDex-
trose Injection and Amino Acids Injection via gravity transfer
into sterile empty containers, with or without the subsequent
addition of sterile drug products to the final container with a
sterile needle and syringe.

High-Risk

Category I—A high-risk SP may fall into either of two subclassi-
fications. High-risk SPs in Category I are those prepared from
commercially available, sterile components where one or more
of the following conditions prevail:
(1) Compounding involves the intermediate closed system pool-

ing of sterile drug products. Pooling of additives is defined as
a higher risk process than performing multiple single addi-
tives because contamination of the pool could result in con-
tamination of units filled from the pool, thus potentially
causing epidemic infection.

(2) Compounding includes complex and/or numerous aseptic
manipulations executed over a prolonged period.

(3) An individual finished product is administered as a multi-day
infusion via a portable pump or reservoir.

Examples of high-risk category I processes include the follow-
ing:
(1) Compounding sterile nutritional solutions using an auto-

mated compounding device involving repeated attachment
of fluid containers to proximal openings of the compounder
tubing set and of empty final containers to the distal opening.
The process concludes with the transfer of additives into the
filled final container from individual drug product containers
or from a pooled additive solution.

(2) Preparing ambulatory pump reservoirs by adding more than
one drug product with the evacuation of air from the reservoir
prior to dispensing.

(3) Preparing ambulatory pump reservoirs for multi-day (i.e.,
ambient temperature) administration.

Category II—High-risk SPs in Category II are those involving
either of the following:

(1) A nonsterile drug substance or an injectable drug product pre-
pared in-house from a nonsterile substance is used to com-
pound the SP.

(2) ‘‘Open systems’’ are used, for example, when combining in-
gredients in a nonsealed reservoir before filling or when fluid
passes through the atmosphere during a fill-seal operation.

Examples of high-risk category II processes include the follow-
ing:
(1) Compounding injectable morphine solutions from nonsterile

morphine substance and suitable vehicles.
(2) Compounding sterile nutritional solutions from nonsterile in-

gredients with initial mixing in a nonsealed or nonsterile re-
servoir..4

Add the following:

.CSP MICROBIAL CONTAMINATION RISK
LEVELS

The appropriate risk level—low, medium, or high—is as-

signed according to the corresponding probability of con-

taminating a CSP with (1) microbial contamination

(microbial organisms, spores, and endotoxins) and (2)

chemical and physical contamination (foreign chemicals

and physical matter). Potential sources of contamination in-

clude, but are not limited to, solid and liquid matter from

compounding personnel and objects; nonsterile components

employed and incorporated before terminal sterilization; in-

appropriate conditions within the restricted compounding

environment; prolonged presterilization procedures with

aqueous preparations; and nonsterile dosage forms used to

compound CSPs.

The characteristics described below for low-risk, me-

dium-risk, and high-risk CSPs are intended as a guide to

the breadth and depth of care necessary in compounding,

but they are neither exhaustive nor prescriptive. The li-

censed health care professionals who supervise compound-

ing are responsible for determining the procedural and

environmental quality practices and attributes that are

necessary for the risk level they assign to specific CSPs.

These risk levels apply to the quality of CSPs immedi-

ately after the final aseptic mixing or filling or immediately

after the final sterilization, unless precluded by the specific

characteristics of the preparation, such as lipid-based emul-
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sions where administration must be completed within 12

hours of preparation. Upon subsequent storage and shipping

of freshly finished CSPs, an increase in the risks of chemical

degradation of ingredients, contamination from physical da-

mage to packaging, and permeability of plastic and elasto-

meric packaging is expected. In such cases, additional

evidence must be obtained to ensure that the intended qual-

ity limits and attributes of the CSP are maintained for the

particular storage or shipping duration and conditions

throughout the assigned beyond-use date. compounding

personnel consider the potential additional risks to the integ-

rity of CSPs when assigning beyond-use dates. The pre-ad-

ministration exposure duration and temperature limits

specified in the following low-risk, medium-risk, and

high-risk level sections apply in the absence of direct testing

results or appropriate information sources that justify differ-

ent limits for specific CSPs. For a summary of the criteria

according to risk levels, please see the Appendix.

Low-Risk Level CSPs

CSPs compounded under all of the following conditions

are at a low risk of contamination.

Low-Risk Conditions—

1. The CSPs are compounded entirely under Class 100 air

conditions, only from manufactured sterile products

and components, and in a manner other than that in

the approved labeling of the products. with aseptic ma-

nipulations entirely within ISO Class 5 (see Table 1) or

better air quality using only sterile ingredients, pro-

ducts, components, and devices.

2. The compounding involves only transfer, measuring,

and mixing manipulations with closed or sealed pack-

aging systems that are performed promptly and atten-

tively.

3. Manipulations are limited to aseptically opening am-

puls, penetrating sterile stoppers on vials with sterile

needles and syringes, and transferring sterile liquids

in sterile syringes to sterile administration devices and

packages of other sterile products.

4. The CSPs are stored for less than 48 hours at less than

308 in locations where they are protected from damage

before being administered. For a low-risk preparation,

in the absence of passing a sterility test, the storage per-

iods cannot exceed the following time periods: before

administration, the CSPs are properly stored and are ex-

posed for not more than 48 hours at controlled room

temperature (see General Notices and Requirements),

for not more than 14 days at a cold temperature (see

General Notices and Requirements), and for 45 days

in solid frozen state at –208 or colder.

Examples of Low-Risk Compounding—

1. Single transfers of sterile dosage forms from ampuls,

bottles, bags, and vials using sterile syringes with ster-

ile needles, other administration devices, and other ster-

ile containers. The contents of ampuls require sterile

filtration to remove any glass particles.

2. Manually measuring and mixing no more than three

manufactured products to compound drug admixtures

and nutritional solutions.

Quality Assurance—

Quality assurance practices include, but are not limited to,

the following:

1. Routine disinfection and air quality testing of the direct

compounding environment to minimize microbial sur-

face contamination and maintain ISO Class 5 air quality

(see Table 1).

2. Visual confirmation that compounding personnel are

properly donning and wearing appropriate items and

types of protective garments and goggles.
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3. Review of all orders and packages of ingredients to as-

sure the correct identity and amounts of ingredients

were compounded.

4. Visual inspection of CSPs to ensure the absence of par-

ticulate matter in solutions, the absence of leakage from

vials and bags, and the accuracy and thoroughness of

labeling.

Example of a Media-Fill Test Procedure—This, or an

equivalent test, is performed at least annually by each per-

son authorized to compound in a low-risk level under con-

ditions that closely simulate the most challenging or

stressful conditions encountered during compounding of

low-risk level CSPs. Once begun, this test is completed

without interruption. Within an ISO Class 5 air quality en-

vironment, (see Table 1) three sets of four 5-mL aliquots of

sterile Soybean–Casein Digest Medium are transferred with

the same sterile 10-mL syringe and vented needle combina-

tion into separate sealed empty sterile 30-mL clear vials

(i.e., four 5-mL aliquots into each of three 30-mL vials).

Sterile adhesive seals are aseptically affixed to the rubber

closures on the three filled vials, then the vials are incubated

as described in the Personnel Training and Evaluation in

Aseptic Manipulation Skills section.

Medium-Risk Level CSPs

When CSPs are compounded aseptically under Low-Risk

Conditions, and one or more of the following conditions ex-

ists, such CSPs are at a medium risk of contamination.

Medium-Risk Conditions—

1. Multiple individual or small doses of sterile products

are combined or pooled to prepare a CSP that will be

administered either to multiple patients or to one patient

on multiple occasions.

2. The compounding process includes complex aseptic

manipulations other than the single-volume transfer.

3. The compounding process requires unusually long

duration, such as that required to complete dissolution

or homogeneous mixing.

4. The sterile CSPs do not contain broad-spectrum bacter-

iostatic substances, and they are administered over sev-

eral days (e.g., an externally worn or implanted infusion

device).

5. The CSPs are stored or shipped for periods longer than

48 hours, at less than 308, and in locations where they

are protected from damage before being administered.

For a medium-risk preparation, in the absence of pas-

sing a sterility test, the storage periods cannot exceed

the following time periods: before administration, the

CSPs are properly stored and are exposed for not more

than 30 hours at controlled room temperature (see Gen-

eral Notices and Requirements), for not more than 7

days at a cold temperature (seeGeneral Notices and Re-

quirements), and for 45 days in solid frozen state at

–208 or colder.

Examples of Medium-Risk Compounding—

1. Compounding of total parenteral nutrition fluids using

manual or automated devices during which there are

multiple injections, detachments, and attachments of

nutrient source products to the device or machine to de-

liver all nutritional components to a final sterile con-

tainer.

2. Filling of reservoirs of injection and infusion devices

with multiple sterile drug products and evacuation of

air from those reservoirs before the filled device is dis-

pensed.

3. Filling of reservoirs of injection and infusion devices

with volumes of sterile drug solutions that will be ad-

ministered over several days at ambient temperatures

between 258 and 408.

4. Transfer of volumes from multiple ampuls or vials into

a single, final sterile container or product.
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Quality Assurance—Quality assurance procedures for

medium-risk level CSPs include all those for low-risk level

CSPs, as well as a more challenging media-fill test passed

annually, or more frequently.

Example of a Media-Fill Test Procedure—This, or an

equivalent test, is performed under conditions that closely

simulate the most challenging or stressful conditions en-

countered during compounding. This test is completed with-

out interruption within an ISO Class 5 air quality

environment (see Table 1). Six 100-mL aliquots of sterile

Soybean–Casein Digest Medium are aseptically transferred

by gravity through separate tubing sets into separate evacu-

ated sterile containers. The six containers are then arranged

as three pairs, and a sterile 10-mL syringe and 18-gauge

needle combination is used to exchange two 5-mL aliquots

of medium from one container to the other container in the

pair. For example, after a 5-mL aliquot from the first con-

tainer is added to the second container in the pair, the second

container is agitated for 10 seconds, then a 5-mL aliquot is

removed and returned to the first container in the pair. The

first container is then agitated for 10 seconds, and the next 5-

mL aliquot is transferred from it back to the second con-

tainer in the pair. Following the two 5-mL aliquot exchanges

in each pair of containers, a 5-mL aliquot of medium from

each container is aseptically injected into a sealed empty

sterile 10-mL clear vial using a sterile 10-mL syringe and

vented needle. Sterile adhesive seals are aseptically affixed

to the rubber closures on the three filled vials, then the vials

are incubated as described in the Personnel Training and

Evaluation in Aseptic Manipulation Skills section.

High-Risk Level CSPs

CSPs compounded under all of the following conditions

are at a high risk of contamination. any of the following con-

ditions are either contaminated or at a high risk to become

contaminated with infectious microorganisms.

High-Risk Conditions—

1. Nonsterile ingredients, including manufactured pro-

ducts for routes of administration—other than those

listed under c. in the Introduction—are incorporated

or a nonsterile device is employed before terminal ster-

ilization.

2. Sterile ingredients, components, devices, and mixtures

are exposed to air quality inferior to Class 100. ISO

Class 5 (see Table 1). This includes storage in environ-

ments inferior to ISO Class 5 of opened or partially

used packages of manufactured sterile products that

lack antimicrobial preservatives.

3. Initially nonsterile preparations are terminally steri-

lized, but are not tested for sterility (see Sterility Tests

h71i). Nonsterile preparations are exposed for at least 6

hours before being sterilized.

4. Intravenous solutions prepared using nonsterile ingredi-

ents and devices are terminally sterilized, but are not

tested for bacterial endotoxins (see Bacterial Endotox-

ins Test h85i). It is assumed, and not verified by exam-

ination of labeling and documentation from suppliers or

by direct determination, that the chemical purity and

content strength of ingredients meet their original or

compendial specifications in unopened or in opened

packages of bulk ingredients (see Ingredient Selection

under Pharmaceutical Compounding—Nonsterile Pre-

parations h795i).

5. For a high-risk preparation, in the absence of passing a

sterility test, the storage periods cannot exceed the fol-

lowing time periods: before administration, the CSPs
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are properly stored and are exposed for not more than

24 hours at controlled room temperature (see General

Notices and Requirements), for not more than 3 days

at a cold temperature (see General Notices and Re-

quirements), and for 45 days in solid frozen state at

–208 or colder.

6. The CSPs are stored or shipped for periods longer than

48 hours, at less than 308, and in locations where they

are protected from damage before being administered.

All nonsterile measuring, mixing, and purifying devices

are rinsed thoroughly with sterile, pyrogen-free water, and

then thoroughly drained or dried immediately before use

for high-risk compounding. All high-risk CSP solutions

are passed through a filter having a 0.45-mm nominal por-

osity before use when terminal steam sterilization will be

employed. All high-risk CSP solutions subjected to terminal

steam sterilization are passed through a filter with a nominal

porosity not larger than 1.2 mm preceding or during filling

into their final containers. Sterilization of high-risk level

CSPs by filtration is conducted entirely with an ISO Class

5 or superior air quality environment (see Table 1).

Examples of High-Risk Compounding—

1. Dissolving nonsterile bulk drug and nutrient powders to

make solutions, which will be terminally sterilized.

2. Exposing sterile ingredients, components, devices, and

preparations to ambient environments in which air

quality is significantly inferior to Class 100. Sterile in-

gredients, components, devices, and mixtures are ex-

posed to air quality inferior to ISO Class 5 (see Table

1). This includes storage in environments inferior to

ISO Class 5 of opened or partially used packages of

manufactured sterile products that lack antimicrobial

preservatives.

3. Measuring and mixing sterile ingredients in nonsterile

devices before sterilization is performed.

4. Assuming, without appropriate evidence or direct deter-

mination, that packages of bulk ingredients contain at

least 95% by weight of their active chemical moiety

and have not been contaminated or adulterated between

uses.

5. Using manufactured oral dosage forms as the source of

active ingredients in CSPs.

Quality Assurance—Quality assurance procedures for

high-risk level CSPs include all those for low-risk level

CSPs. In addition, a media-fill test that represents high-risk

level compounding is performed semi-annually by each per-

son authorized to compound high-risk level CSPs.

Example of a Media-Fill Test Procedure—This, or an

equivalent test, is performed under conditions that closely

simulate the most challenging or stressful conditions en-

countered when compounding high-risk level CSPs. This

test is completed without interruption in the following se-

quence:

1. Dissolve 3 g of nonsterile commercially available Soy-

bean–Casein Digest Medium in 100 mL of nonbacter-

iostatic water to make a 3% solution.

2. Draw 25 mL of the medium into each of three 30-mL

sterile syringes. Transfer 5 mL from each syringe into

separate sterile 10-mL vials. These vials are the con-

trols, and they generate exponential microbial growth,

indicated by visible turbidity upon incubation.

3. Under aseptic conditions and using aseptic techniques,

affix a sterile 0.2-mm porosity filter unit and a 20-gauge

needle to each syringe. Inject the next 10 mL from each

syringe into three separate 10-mL sterile vials. Repeat

the process into three more vials. Label all vials, affix

sterile adhesive seals to the closure of the nine vials,

and incubate them at 258 to 358. Inspect for microbial

growth over 14 days as described in the Personnel

Training and Evaluation in Aseptic Manipulation Skills

section..4
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Delete the following:

.VALIDATION

The sterilization or aseptic processing of an SP should be in ac-
cordance with properly designed and validated written procedures.
The act of validation of a sterilization or aseptic process involves
planned testing designed to demonstrate that microorganisms will
be effectively destroyed, removed, or prevented from inadvertently
being introduced by personnel or by process-related activities.

Sterilization Processes

A high-risk SP prepared from nonsterile ingredients or compo-
nents should be sterilized using an appropriate sterilization pro-
cess, such as filtration or heat sterilization. In general, each
sterilization process should be validated to demonstrate suitability
for its intended purpose and specific manner of intended uses.

STERILIZATION BY FILTRATION

A sterilizing filtration process should be capable of removing
microorganisms from the liquid SP. Commercially available pre-
sterilized filtration devices should be certified to be appropriate
for human use in sterile pharmaceutical applications, have a pore
size of 0.2 mm or smaller (generally recognized as a sterilizing fil-
ter), and have been lot tested for retention of Pseudomonas dimin-
uta at a minimum concentration of 107 organisms per cm2 under
specified operating parameters. The individual devices should be
tested for membrane and housing integrity, nonpyrogenicity, and
extractables by the manufacturer. Such devices should be capable
of sterilizing an SP (see Sterilization and Sterility Assurance of
Compendial Articles h1211i). Before using such devices, the phar-
macist should thoroughly evaluate their suitability for the intended
SP and conditions of use.
The size and configuration of filtration devices should accom-

modate the volume being filtered to permit complete filtration
within a reasonable period of time and without clogging to the
point where mid-process filter changes would be required.
Filters and associated devices and apparatus (housing, gaskets,

etc.) should be physically and chemically compatible with the pro-
duct to be filtered and should be capable of withstanding the tem-
peratures, pressures, and hydrostatic stresses imposed on the
system. These capabilities are to be established through appropri-
ate product-specific testing. To establish compatibility, the phar-
macy may rely on vendor certification or on definitive evidence,
specific to product and filter, obtained from a critical review of
the literature or from reliable unpublished research.
Validation should be established experimentally for all filtration

apparatus involving assembly in the pharmacy of the membrane
(filtration medium) into its housing or holder. The pharmacy may
rely on vendor certification of validation for commercially avail-
able presterilized ready-to-use filter devices or for pharmacy-as-
sembled apparatus. (The sterilization process used for pharmacy-
assembled apparatus must be properly validated.) When initially
selecting a commercially available, sterile, pre-assembled filter de-
vice, the pharmacist should ensure that the vendor has validated the

filter for the intended conditions of use and that an adequate chal-
lenge was used (minimum concentration of 107 organisms Pseudo-
monas diminuta per cm2 of filter surface). Validation should
encompass the filtration apparatus and configuration, duration of
filtration, filtration operating conditions (filtration rate and tem-
perature), and the critical product formulation parameters (pH, vis-
cosity, ionic strength, and osmolarity) used to generate the supplied
data are representative of the pharmacy’s product, apparatus, spe-
cified operating parameters, etc., in regard to the factors that might
physically or chemically alter filter integrity, affect microbial cap-
ture mechanisms, or shrink the microorganism during filtration.
Each filter device used for product sterilization should be

checked for integrity at the time of use. Integrity testing of com-
mercially available, sterile, self-contained filter devices requiring
no preuse assembly may be performed at the conclusion of the fil-
tration process. Filter integrity test kits suitable for pharmacy use
(for example, those consisting of a small gauge and a three-way
stopcock assembly) are commercially available for testing the bub-
ble point of small disk-type filters. For pharmacy-assembled appa-
ratus, as defined above, prefiltration integrity testing is
recommended in addition to postfiltration testing. Quantitative in-
tegrity testing, such as the bubble-point or forward flow tests (see
Sterilization and Sterility Assurance of Compendial Articles
h1211i) should be used, as appropriate for larger filtration devices
or when Category II high-risk SPs are sterilized.
Filtration should be performed in accordance with written pro-

cedures that list those filters determined to be acceptable for the
various SPs to be filtered in the pharmacy or in accordance with
master batch formulas that include definitive filter specifications.
Filtration procedures and master batch formulas should also de-
scribe acceptable techniques for using and for checking the integ-
rity of all listed filters. Fluid-filter compatibility must be
established prior to the filtration of any SP not included in the
procedure.

HEAT STERILIZATION

Terminal sterilization should be used when sterilizing Category
II high-risk SPs. Sterilization may be accomplished in the final
sealed container as a validated, controlled moist heat process
(see Sterilization and Sterility Assurance of Compendial Articles
h1211i). In the absence of heat sterilization capabilities, or where
heat labile drug products or container-closure systems preclude
heat sterilization, an SP may be sterilized by filtration and asepti-
cally processed and controlled in accordance with the standards set
forth in this chapter.
Heat sterilization processes should be validated to ensure that

the likelihood of survival of the most resistant microorganisms
likely to constitute product bioburden is no greater than 10–6 under
the specified operating conditions and parameters, such as sterili-
zation time and temperature, size and nature of load, and chamber
loading configuration. The validation and monitoring of heat ster-
ilization processes should be in writing with all critical parameters
specified, should be followed each time of use, and should be su-
pervised by a pharmacist knowledgeable of the technology in-
volved in the sterilization of drug products. Monitoring data
should be recorded properly to ensure, retrospectively, that the pro-
cesses were carried out as specified and that all critical parameters
were within specified limits during processing.1.4

1 PDA Technical Monograph No. 1, Validation of Steam Sterilization Cy-
cles, 1978.
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Add the following:

.VALIDATION VERIFICATION OF
COMPOUNDING ACCURACYAND

STERILIZATION

The compounding procedures and sterilization methods

for CSPs correspond to correctly designed and validated

verified written documentation in the compounding facility.

Validation Verification requires planned testing designed to

demonstrate effectiveness of all procedures critical to the ac-

curacy and purity of finished CSPs. For example, sterility

testing (see Test Procedures under Sterility Tests h71i)

may be applied to specimens of low- and medium-risk

CSPs, and standard nonpathogenic bacterial cultures may

be added to nondispensable specimens of high-risk CSPs

before terminal sterilization for subsequent evaluation by

sterility testing. Packaged and labeled CSPs are visually in-

spected for physical integrity and expected appearance, in-

cluding final fill amount. To ensure that the identities and

concentrations of ingredients are accurate, and in the ab-

sence of reliable observations and data to confirm and extra-

polate those parameters, samples of CSPs are assayed.

Sterilization Methods

The licensed health care professionals who supervise

compounding are responsible for determining that the se-

lected sterilization method (see Methods of Sterilization un-

der Sterilization and Sterility Assurance of Compendial

Articles h1211i) both sterilizes and maintains the strength,

purity, quality, and packaging integrity of CSPs. The se-

lected sterilization process achieve a 0.0001% probability,

or no more than one chance in one million opportunities,

that viable bacterial vegetative forms and spores will remain

in CSPs. is expected from experience and appropriate infor-

mation sources—and, preferably, verified wherever possi-

ble—to achieve sterility in the particular CSPs. General

guidelines for matching CSPs and components to appropri-

ate sterilization methods include the following:

1. Colloidal fluid dispersions, emulsions, solutions, and

suspensions that have been proven to remain physically

and chemically stable in their containers are sterilized

by steam sterilization. CSPs have been ascertained to

remain physically and chemically stable when sub-

jected to the selected sterilization method.

2. Glass and metal devices may be covered tightly with

aluminum foil, then exposed to dry heat in an oven at

a mean temperature of 2508 for 2 hours to achieve steri-

lity and depyrogenation (see Dry-Heat Sterilization un-

der Sterilization and Sterility Assurance of Compendial

Articles h1211i). Such items are either used immedi-

ately or stored until use in an environment suitable

for compounding low- and medium-risk CSPs.

3. Solutions may be filtered through sterile membranes

having 0.2-mm nominal porosity, which includes

0.22-mm porosity. It must be demonstrated, by testing

or by documentation from appropriate sources, that

CSPs to be sterilized by microporous membrane filtra-

tion will retain their intended physical quality attri-

butes, such as emulsion droplet-size limits, and their

full strength of all ingredients. Personnel ascertain from

appropriate information sources that the sterile micro-

porous membrane filter used to sterilize CSP solutions,

either during compounding or administration, is chemi-

cally and physically compatible with the CSP.

STERILIZATION BY FILTRATION

Commercially available sterile filters must be approved

for human-use applications in sterilizing pharmaceutical

fluids. Both filters that must be sterilized before processing

CSPs and those filters that are commercially available, dis-
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posable, sterile, and pyrogen-free have a nominal porosity

of 0.2 mm, which includes 0.22-mm porosity. They should

be certified by the manufacturer to retain at least 107 micro-

organisms of a strain of Pseudomonas Brevundimonas

(Pseudomonas) diminuta on each cm2 of upstream filter sur-

face under conditions similar to those in which the CSPs

will be sterilized. In emergency situations when sterile

0.2-mm porosity membranes are not available, filters of

the same composition and 0.45-mm nominal porosity may

be used. Sterilizing filters with 0.2-mm and 0.45-mm nom-

inal porosities will not remove bacterial endotoxins and

viruses by physical retention.

The supervising health care professional must ensure, di-

rectly or from appropriate documentation, that the filters are

chemically and physically stable at the pressure and tem-

perature conditions to be used, and that the filters will

achieve sterility and maintain prefiltration pharmaceutical

quality of the specific CSP. The filter dimensions and ma-

terial must permit the sterilization process to be completed

rapidly without the replacement of the filter during the pro-

cess. When CSPs are known to contain excessive particulate

matter, a prefilter or larger porosity membrane is placed up-

stream from the sterilizing filter to remove gross particulate

contaminants in order to maximize the efficiency of the ster-

ilizing filter.

When sterilizing filter devices are assembled from sepa-

rate components by compounding personnel, such as-

sembled devices are tested to validate their sterility and

sterilizing effectiveness under relevant conditions before

they are used to process CSPs. For example, a standard non-

pathogenic bacterial culture may be combined with a sterile,

growth-promoting fluid medium, filtered under aseptic con-

ditions into an evacuated sterile vial, and incubated to ob-

serve for turbidity that indicates colonization or for clarity

that indicates sterility. On the other hand, when commer-

cially available, sterile, disposable filter devices are used,

the compounding personnel may accept the written certifi-

cation from suppliers that the units retain at least 107 micro-

organisms of the strain of Pseudomonas diminuta on each

cm2 of filter surface. In both cases, the sterile filters are

tested under conditions of duration, fluid flow rate, osmolar-

ity, pH, pressure, process sequence, solvent composition,

temperature, and viscosity that are similar to those of the

CSP to be sterilized. Large deviations from the CSP chem-

ical and physical characteristics carry risk of not disclosing

damage to filter integrity or shrinkage of microorganisms to

less than the nominal filter-porosity limit.

Except in a medical emergency, the integrity of sterilizing

filters must be ensured before CSPs subjected to sterilization

by filtration are dispensed. In cases when sterility testing of

either a single CSP or a statistical sample of multiple units of

a CSP (see Methods of Sterilization under Sterilization and

Sterility Assurance of Compendial Articles h1211i) will be

employed after sterilizing filtration, the negative result of

that testing shall be construed to mean that the filter integrity

was maintained.

When filter devices are assembled from separate nonster-

ile components by compounding personnel, such devices

shall be identified to be sterile and ascertained to be effective

under relevant conditions before they are used to sterilize

CSPs. For example, sterility can be identified using bio-

logical indicators (see Biological Indicators h1035i). Filter

units used to sterilize CSPs can also be subjected to the man-

ufacturer’s recommended integrity test, such as the bubble

point test.

When commercially available sterile disposable filter de-

vices are used, the compounding personnel may accept the

written certification from suppliers that the filters retain at

least 107 cfu, of Brevundimonas (Pseudomonas) diminuta

on each cm2 of filter surface. Compounding personnel must
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ascertain that selected filters will achieve sterilization of the

particular CSPs being sterilized. Large deviations from

usual or expected chemical and physical properties of CSPs

may cause undetectable damage to filter integrity and

shrinkage of microorganisms to sizes smaller than filter por-

osity.

Sterile, commercially available sterilizing filter devices

for use on handheld syringes may be checked by feeling

for greater resistance on the plunger when filtering air after

an aqueous fluid has been filtered. Immediately following

sterilization by filtration, a standard nonpathogenic bacterial

culture in a sterile, growth-promoting fluid medium may be

passed through the same filter under aseptic conditions into

an evacuated sterile vial, and incubated to observe for tur-

bidity and for clarity (see Test Procedures under Sterility

Tests h71i). In the absence of a standard nonpathogenic bac-

terial culture, a swab from a human mouth or palm that has

not been disinfected within the past 12 hours may be intro-

duced into the sterile, growth-promoting fluid medium (see

Test Procedures under Sterility Tests h71i); and then filtered,

incubated, and evaluated as described.

STEAM STERILIZATION

The process of thermal sterilization employing saturated

steam under pressure, or autoclaving, is the preferred meth-

od to terminally sterilize aqueous preparations that have

been proven verified to maintain their full chemical and

physical stability under the conditions employed (see Steam

Sterilization under Sterilization and Sterility Assurance of

Compendial Articles h1211i). To achieve sterility, it is

necessary that all materials be exposed to steam at 1218, un-

der a pressure of about one atmosphere or 15 psi, for the

duration proven verified by testing to achieve sterility of

the items, which is usually 20 to 60 minutes for CSPs. An

allowance must be made for the time required for the ma-

terial to reach 1218 before the sterilization exposure dura-

tion is timed.

Items that are not directly exposed to pressurized steam

may result in survival of microbial organisms and spores.

Before their sterilization, plastic, glass, and metal devices

are tightly wrapped in low particle shedding paper or fab-

rics, or sealed in envelopes that prevent poststerilization mi-

crobial penetration. Immediately before filling ampuls and

vials that will be steam sterilized, solutions are passed

through filters having 0.45-mm nominal porosities. a filter

having a porosity not larger than 1.2 mm for removal of par-

ticulate matter. Sealed containers must be able to generate

steam internally; thus, stoppered and crimped empty vials

must contain a small amount of moisture to generate steam.

For small items and vials, in the absence of an autoclave, a

household pressure cooker may be used, provided the effec-

tiveness of the sterilization duration has been previously va-

lidated.

The description of steam sterilization conditions and

duration for specific CSPs is included in written documen-

tation in the compounding facility. The effectiveness of

steam sterilization is validated by sterility testing of nondis-

pensable samples to which a standard nonpathogenic bacte-

rial culture was added.1In the absence of a standard

nonpathogenic bacterial culture, a swab from a human

mouth or palm that has not been disinfected within the past

12 hours may be introduced into the nonsterile CSP, fol-

lowed by steam sterilization and by sterility testing (see Test

Procedures under Sterility Tests h71i). verified using appro-

priate biological indicators (see Biological Indicators

h1035i) or other confirmation methods (see Sterilization

and Sterility Assurance of Compendial Articles h1211i or

Sterility Tests h71i)..4

1 PDA Technical Monograph No. 1, Validation of Steam
Sterilization Cycles, 1978.
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Delete the following:

.ASEPTIC PROCESSING

All aseptic processing operations and configurations should be
adequately established by media-fill validation.2 Media fills should
simulate as closely as possible actual aseptic operations. All ma-
nipulations, handling, environmental conditions, and other factors
likely to influence the risk of process-associated contamination
should be represented by the media-fill simulations. The intensity
of such challenges should represent the greatest risk that would be
expected during normal production. Media-fill validations should
be repeated with sufficient frequency to ensure the ongoing cap-
ability of performing properly each aseptic processing operation
used in the pharmacy

authorized facility.
The frequency and results of media-fill runs should be documen-
ted.
The culture medium selected should be capable of supporting

the growth of a broad spectrum of microorganisms likely to be pro-
duction-associated contaminants in the pharmacy.

authorized facility.
Commercially available media can be obtained that, when recon-
stituted as directed by the manufacturer, are certified to have
growth-promoting properties. Soybean–Casein Digest Medium is
acceptable (see Sterility Tests h71i). Incubation of medium-filled
units should take at least 14 days and may be at room temperature
for 14 days or may be at room temperature for the first 7 days, with
the final 1 to 7 days at 308 to 358. Alternate suitable incubation
schedules may be used as determined by the pharmacy to ensure
enough growth of any potential contaminating microorganisms to
be visually detectable. Microorganisms in all medium-filled units
showing visible evidence of microbial growth should be promptly
identified, and if this growth exceeds the action limits, an immedi-
ate investigation should be made with prompt correction of any
identifiable causes of the failure. Review of environmental moni-
toring data obtained during the media fill should be included in the
investigation, as well as a review of the cleaning, sanitizing, disin-
fection, production procedures, aseptic technique, personnel prac-
tices, and other factors as appropriate. Revalidation should occur
after all media-fill failures (see Table 1).

Table 1. Media-Fill Validation of Aseptic Processing

Validation Pur-
pose

Minimum Validation Requirements

Low Risk
Low- and Medium-Risk

CSPs

High Risk
CSPs*

General Personnel validation Process validation
Initial 3 consecutive media-

fill runs without
contamination

3 consecutive media-
fill runs without con-
tamination

Revalidation 1 media-fill run
quarterly without
contamination

annual media-fill run
without contamina-
tion

Validation Pur-
pose

Minimum Validation Requirements

Low Risk
Low- and Medium-Risk

CSPs

High Risk
CSPs*

Failure
Revalidation

3 consecutive media-
fill runs without
contamination

3 consecutive media-
fill runs without con-
tamination

* NOTE—Personnel should have first passed low-risk

low- and medium-risk
validation..4

Delete the following:

.LOW-RISK OPERATIONS

A quality assurance program should include a system that

incorporates validation and monitoring processes that en-

sure a compounded sterile preparation meets predetermined,

specific criteria of quality.
The primary objective of the validation of aseptic processing invol-
ving low-risk operations is to ensure that personnel are capable of
using effective aseptic technique to compound an SP successfully
under the most rigorous conditions encountered during normal
work assignments. In carrying out validation of the process, per-
sonnel should perform

The validation program should include a system of proofs

that show that processes and operators are appropriate for

achieving predefined product-quality conditions and per-

sonnel have skills to perform those compounding activities

reproducibly and repeatedly. The validation of the process

includes
media fills consisting of a planned repetitive sequence of com-
pounded or repackaged units. The number of manipulations of
each unit and the number of units in each media fill should reflect
the most complex and prolonged aseptic manipulations likely to be
encountered by an operator as a normal workload requirement. The
number of units per media-fill run should be enough to ensure that
the operator is capable of replicating acceptable aseptic procedures.
A sampling plan and validation requirements (see Table 1) should
be

are
defined in written procedures. Media transfers could be used to rep-
resent procedures such as syringe transfers, use of automated com-
pounding devices, multiple additive procedures, and various
aseptic assemblies and connections. An example of a validation
procedure for low-risk operations is as follows.
Scenario—A pharmacy prepares antibiotics, hydration solu-

tions, and parenteral nutrition solutions. for home use. The most
complex and prolonged aseptic manipulations are required for
the parenteral nutrition solutions. The parenteral nutrition solution
is made by combining the amino acid and dextrose by gravity

2 FDA Guideline on Sterile Drug Products Produced by Aseptic Proces-
sing, June 1987, pp. 20-27; PDA Technical Monograph No. 2, Validation
of Aseptic Filling for Solution Drug Products, 1980.
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transfer into 2-liter empty flexible bags, and then adding a maxi-
mum of 10 additives to a bag via syringe transfer. Typically, the
pharmacy prepares no more than a 2- or 3-week supply of the solu-
tions at one time.

Low-risk CSP processing would include the reconstitution

and preparation of antibiotics for administration of single

units at set intervals. Many of these products are prepared

in batches and stored in anticipation of future use. Operators

should be trained and their techniques validated using a ster-

ile culture medium to simulate the syringe transfer of diluent

to reconstitute lyophilized antibiotics, the transfer of that

product to an empty sterile bag, bottle, or syringe; and

any other manipulations that may be routine in the admix-

ture processes.
Example of a Validation Procedure—One hundred mL of ster-

ile Soybean–Casein Digest Medium is transferred via gravity into
plastic bags. Twenty units are completed in this manner, to approx-
imate the number of units typically compounded at one time. After
all twenty units have been filled, the media containers are lined up
in pairs. One mL of media is drawn from one container and trans-
ferred aseptically by syringe transfer to another media unit and re-
peated for a total of ten transfers. Then media from the other units
is syringe transferred to the first unit for a total of ten syringe trans-
fers. This process is continued until all twenty units have under-
gone ten syringe transfers. The media fill units are incubated at
room temperature for a total of fourteen days, with frequent checks
for growth.

Six 25-mL aliquots of sterile Soy–Casein Digest Medium

are aseptically transferred to separate, empty 30-mL sterile

vials. Ten milliliters of sterile Soy–Casein Digest Medium is

removed from one of the vials and added to a vial of sterile,

lyophilized Polyethylene Glycol. Four 2.5-mL aliquots of

the resulting solution are added to 30-mL vials already con-

taining 25-mL sterile Soy–Casein Digest Medium, and the

vials are labeled. The six 30-mL vials are incubated at room

temperature for a total of 14 days, with frequent checks for

growth.
Media fills should be representative of peak periods of fatigue,

stress, and pacing demands. For example, media fills could be
scheduled immediately after normal production activity has ended.
Media fills should not be performed during normal production.
Operators should pass an initial validation, performing three

media fills with no contamination, before they are allowed to make
SPs

compound CSPs
for patients. Subsequently, each operator should perform at least
one media fill involving low-risk operations quarterly. If one con-
taminated unit results from a media fill, the operator should be re-
trained and then perform three consecutive media fills with no

contaminated unit before again being allowed to compound SPse-
vidence of contamination before resuming preparation of CSPs for
patients. Operators should also be revalidated if the nature of their
aseptic compounding assignments changes to the extent that their
previous media fills are not representative of their revised assign-
ments.
Quality assurance programs for low-risk CSPs also include a

system that employs routine methods to ensure that the finished
products are reviewed for compounding accuracy and potential ha-
zards, such as particulate matter, microorganisms, pyrogens, aller-
gens, and cross-contamination from other drugs that may have
been introduced into the compounding environment. Final pro-
ducts are inspected for particulate matter and leakage before re-
lease. A predetermined percentage of compounded products
could be sequestered for routine sterility and pyrogen testing. Al-
lergens and cross-contamination are best controlled through the
strict adherence to proper procedures, which limit or eliminate
the introduction of the allergens, and to frequent cleaning to reduce
the potential of lingering drug residues in the work area. Personnel
are trained in the proper methods of eliminating allergens and
cleaning and disinfecting the workstation. That training is re-
viewed periodically..4

MEDIUM-RISK OPERATIONS

In the case of medium-risk CSPs, procedures and manip-

ulations employed in the preparation processes may be more

complex than those for low-risk operations, and because

long-term storage may be required, more stringent require-

ments for quality control and quality assurance are appropri-

ate. The more complex and prolonged aseptic manipulations

are required for parenteral nutrition solutions. Quality assur-

ance programs for medium-risk operations include all as-

pects of the low-risk CSP program and also include

validation processes that simulate medium-risk conditions.

Scenario—A pharmacy prepares hydration solutions and

parenteral nutrition solutions. The parenteral nutrition solu-

tion is prepared by combining amino acid solution and dex-

trose solution by gravity transfer into empty flexible bags,

and then several additives are introduced into the bag by sy-

ringe transfer. The pharmacy prepares no more than a 2- or

3-week supply of the solutions at one time.

Example of a Validation Procedure—One hundred

milliliters of sterile Soybean–Casein Digest Medium is

transferred via gravity into empty flexible bags. Twenty

units are completed in this manner, to approximate the num-
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ber of units typically compounded at one time. After all

twenty units have been filled, the media containers are

aligned in pairs. One milliliter of the medium is drawn from

one container and transferred aseptically by syringe transfer

to the other medium unit of the pair for a total of 10 syringe

transfers. The media-fill units are incubated at room tem-

perature for a total of 14 days, with frequent checks for

growth.

Delete the following:

.HIGH-RISK OPERATIONS

In the case of high-risk operations, the focus of validation is on
the process as well as personnel capability. Thus, the primary ob-
jective of the validation of aseptic processing for high-risk CSP
operations is to ensure that the aseptic process is capable of being
carried out consistently under control by any qualified operator, be-
fore the process is utilized for production of units intended for ad-
ministration to patients. Accordingly, each type of high-risk
operation should be

is
validated independently, rather than having operators perform re-
presentative sets of aseptic activities, as is the case with low-risk

and medium-risk
aseptic operations.
Personnel assigned to high-risk aseptic operations should be va-

lidated for low-risk

and medium-risk
operations as described above. In addition, this personnel should
participate, at least annually, in the validation of each high-risk
aseptic operation to which they are assigned.
For example, for high-risk operations involving nonsterile com-

ponents, the media-fill run should simulate as closely as possible
the most intensive conditions likely to be encountered during the
normal production activities. The number of units in a media-fill
run should be no less than the largest number of units encountered
during production involving the process being validated. However,
the fill volume of media-fill units need not equal the fill volume of
finished product units.
A media-fill run should be performed at least annually for each

unique high-risk batch processing procedure and configuration. A
media-fill failure for most home care operations (less than 1000
units) is one or more contaminated units after incubation. For
batches equal to or greater than 1000 units, a media-fill failure is
greater than one contaminated unit. When a media-fill failure oc-
curs, three consecutive successful media fills should occur before
the process failing the media fill may be used for the preparation of
a CSP for patients. An example of a validation procedure for a
high-risk operation is as follows:
Scenario—A pharmacy prepares individual cassettes of mor-

phine for epidural use from morphine powder. The nonsterile pow-
der is weighed, and then placed in the barrel of a 60-mL syringe.
After replacing the syringe plunger, sterile 5% dextrose solution is
drawn into the syringe to make a total volume of 50 mL. After
shaking to dissolve the powder, a 0.22-mm disk filter is placed
on the syringe, and the solution is pushed through the filter into

a drug reservoir cassette for an ambulatory infusion pump. Typi-
cally, the pharmacy prepares a week’s supply of two to three cas-
settes at one time.
Example of a Validation Procedure—A small quantity of an

inert powder (for example, lactose or sugar) is placed in the barrel
of a 60-mL syringe. After replacing the syringe plunger, sterile 5%
dextrose solution is withdrawn into the syringe to make a total vol-
ume of 50 mL. A sterile 0.22-mm filter is connected to the syringe
tip. After shaking to dissolve the powder, the solution is pushed
through the filter: the first 5 mL are aseptically introduced into a
test tube containing 10 mL of sterile Soybean–Casein Digest Me-
dium; the next 40 mL are discarded in a sterile container; and the
last 5 mL are aseptically introduced into another tube containing 10
mL of sterile Soybean–Casein Digest Medium. At least three syr-
inges should be evaluated in this manner. The inoculated tubes of
Medium should be incubated at 208 to 258 for 14 days, with fre-
quent visual observations made for growth of microorganisms..4

Add the following:

.PERSONNEL TRAINING AND EVALUATION
IN ASEPTIC MANIPULATION SKILLS

Personnel who prepare CSPs must be provided with ap-

propriate training from expert personnel, audio–video in-

structional sources, and professional publications in the

theoretical principles and practical skills of aseptic manipu-

lations before they begin to prepare CSPs. Compounding

personnel shall perform didactic review, and pass written

and media-fill testing of aseptic manipulative skills initially;

at least annually thereafter for low- and medium-risk level

compounding; and semi-anually for high-risk level com-

pounding. Compounding personnel who fail written tests,

or whose media-fill test vials result in gross microbial colo-

nization, must be immediately re-instructed and re-evalu-

ated by expert compounding personnel to assure

correction of all aseptic practice deficiencies.

Media-Fill Challenge Testing—The skill of personnel to

aseptically prepare CSPs may be evaluated using sterile

fluid bacterial culture media-fill validation,1 (i.e., sterile bac-

terial culture medium transfer via a sterile syringe and nee-

dle). Media-fill testing is used to assess the quality of the

aseptic skill of compounding personnel. Media-fill tests rep-

1 FDA Guideline on Sterile Drug Products Produced by
Aseptic Processing, June 1987, pp. 20-27; PDA Technical
Monograph No. 2, Validation of Aseptic Filling for Solution
Drug Products, 1980.
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resent the most challenging or stressful conditions actually

encountered by the personnel being evaluated when they

prepare particular risk level CSPs and when sterilizing

high-risk level CSPs.

Commercially available sterile fluid culture media, such

as Soybean–Casein Digest Medium (see Sterility Tests

h71i), shall be able to promote exponential colonization of

bacteria that are most likely to be transmitted to CSPs from

the compounding personnel and environment. Media-filled

vials are incubated at 258 to 358 for 14 days. Failure is in-

dicated by visible turbidity in the medium on or before 14

days.

Example of a Media-Fill Test Procedure—Perform the

test as directed in the section Quality Assurance of Low-Risk

Level CSPs..4

Change to read:

ENVIRONMENTAL QUALITYAND CONTROL

Achieving and maintaining sterility and overall freedom from
contamination of a pharmaceutical product is dependent upon the
quality status of the components incorporated, the process utilized,
personnel performance, and the environmental conditions under
which the process is performed. The standards required for the en-
vironmental conditions depend upon the amount of exposure of the
CSP to the immediate environment anticipated during processing.
The quality and control of environmental conditions for low-risk
and high-risk operations

.each risk level of operation.4
is explained in this section. In addition, operations using nonsterile
components require the use of a method of preparation designed to
produce a sterile product.

Critical Site Exposure

The degree of exposure of the product during processing will be
affected by the length of time of exposure, the size of the critical
site exposed, and the nature of the critical site.
A critical site is any opening providing a direct pathway between

a sterile product and the environment or any surface coming in di-
rect contact with the product and the environment. The risk of such
a site picking up contamination from the environment increases
with time of exposure. Therefore, the processing plan and the in-
tent of the operator should give due consideration to organization,
efficiency, and speed in order to keep such exposure time to a mini-
mum. For example, an ampul should not be opened unnecessarily
in advance of use.
The size of the critical site affects the risk of contamination en-

tering the product: the greater the exposed area, the greater the risk.
An open vial or bottle exposes to contamination a critical site of
much larger area than the tip of a 26-gauge needle. Therefore,
the risk of contamination when entering an open vial or bottle is
much greater than during the momentary exposure of a needle tip.
The nature of a critical site also affects the risk of contamination.

The relatively rough, permeable surface of a rubber

.an elastomeric.4
closure retains microorganisms and other contaminants, after
swabbing with an alcohol pad, more readily than does the smooth
glass surface of the neck of an ampul. Therefore, the surface dis-
infection can be expected to be more effective for an ampul.

.Once the ampul is open, the critical site of exposure is

greatly increased, creating a pathway with the potential

for introduction of glass, fiber, and dust into the fluid con-

tained in the ampul..4
The prevention or elimination of airborne particles must be gi-

ven high priority. Mobile or

.
.4
Airborne contaminants are much more likely to reach critical sites
than contaminants that are adhering to the floor or other surfaces
below the work level. Further, particles that are relatively large or
of high density settle from the airspace more quickly and thus can
be removed from the vicinity of critical sites.

Environmentally Controlled Workspaces

LAFWAND BUFFER ROOM

An environmentally controlled workspace suitable for the asep-
tic processing of an SP consists of a suitably constructed, properly
functioning, and regularly certified device, which sweeps the
workspace or an entire room with HEPA-filtered air at a velocity
of 90 feet per minute+20%, such as a laminar airflow workbench
(LAFW). Such a workspace is required for both low-risk and high-
risk operations. The air blower for the workspace should be oper-
ated without interruption in order to sweep the workspace continu-
ally. Since the airflow velocity is relatively gentle, an LAFW must
be located in an environmentally controlled room or a space other-
wise separated from less controlled work areas, such as the main
pharmacy, by partitions, plastic curtains, or preferably, a solid wall.
Hereinafter, this area surrounding an LAFW shall be called the
‘‘Buffer Room.’’ (Figure 1 shows an example of a floor plan for
an environmentally controlled workspace and adjacent areas, as a
basis for illustrating the following discussion.) Clean and sanitized
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supplies may be accumulated and stored for a limited period of
time in the Buffer Room in order to be conveniently available
for use in preparing products in the LAFW.

Fig. 1. Example of a floor plan. (Encircled letters are suggested
environmental sampling sites.)

Since an LAFW is normally a self-contained unit, the air circu-
lated is drawn from the Buffer Room and does not contribute fresh
air. Therefore, such a unit does not create positive air pressure in
the Buffer Room. However, units can be installed to draw in fresh
outside air through an HEPA filter and provide positive air pres-
sure, but they cannot be movable.
The direction of flow may be horizontal or vertical. (A suitable

biological safety cabinet with vertical airflow should be used for
processing cytotoxic and other hazardous agents to protect the op-
erator as well as the product.) The air quality within the LAFW
adjacent to critical sites should meet a M3.5 (Class 100) clean
room specification during normal work activity. (See Table 2 for
the definition of clean room classes.)
The environmental quality within the Buffer Room should be

demonstrably better than that of adjacent areas, such as the main
pharmacy, to reduce the risk of contaminants being blown,
dragged, or otherwise introduced into the LAFW. For example,
strong air currents from briefly opened doors, personnel walking
past the LAFW, or the airstream from the heating, ventilating,
and air-conditioning (HVAC) system can easily exceed the velocity
of clean air from the LAFW. Also, operators introducing supplies
into the LAFW or reaching in with their arms can drag contami-
nants along with those movements.

The level of cleanliness of the air in the Buffer Room, in con-
junction with the expertise of the operator, is critical to maintaining
the M3.5 (Class 100) conditions within the LAFW. The air entering
the Buffer Room should be fresh, HEPA-filtered, conditioned air.
The air in the Buffer Room should meet the requirements for at
least a M6.5 (Class 100,000) (see Table 2) clean room for low-risk
operations and a M5.5 (Class 10,000) for high-risk operations. In
addition to cleaning the inflowing air and providing at least 10 air
changes per hour, cooling is essential because of the continual
buildup of heat from the circulation of air through the blower
and HEPA filter of the LAFW. It should be noted that the circula-
tion of air from the Buffer Room through the HEPA filter of the
LAFWenhances the cleanliness of the air, particularly during non-
use periods.

.Clean Rooms and Barrier Isolators

In general, sterile product preparation facilities utilize la-

minar airflow workbenches (LAFWs) to provide an ade-

quate critical site environment. A discussion of the

necessary facilities and proper procedures for preparing ster-

ile products using LAFWs in clean rooms is presented be-

low. The use of alternative systems in clean rooms that have

been validated verified to achieve the same or better level of

environmental quality as that achieved by properly operated

LAFWs may also be utilized. An emerging alternative tech-

nology utilizes barrier isolator systems to minimize the ex-

tent of personnel contact and interaction, to separate the

external environment from the critical site, and to provide

a suitable M3.5 (Class 100) clean air environment at the cri-

tical site for preparing sterile products. an ISO Class 5 en-

vironment (see Table 1 for preparing CSPs. Awell-designed

positive pressure barrier isolator, supported by adequate

procedures for its maintenance, monitoring, and control, ap-

pears to may offer an acceptable alternative to the use of

conventional LAFWs in clean rooms for aseptic processing.

An example of the arrangement of a clean-room floor plan

for low- and medium-risk level CSPs is illustrated in Figure

1. Figure 2 depicts an appropriate multicompartment clean-

room floor plan for high-risk level CSPs.
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Environmental Controls

Engineering controls reduce the potential for airborne

contamination in workspaces by limiting the amount and

size of contaminants in the CSP processing environment.

Primary engineering controls are used and generally include

horizontal flow clean benches, vertical flow clean benches,

biological safety cabinets, and barrier isolators. Primary en-

gineering control must provide an M3.5 (Class 100) envir-

onment. (See Table 2 for a review of SI designations and

class limits.) Primary environmental control must provide

at least ISO Class 5 quality of air (see Table 1) to which ster-

ile ingredients and components of CSPs are directly ex-

posed. Secondary engineering controls generally provide a

buffer zone or buffer room as a core for the location of the

workbenches or isolators.
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Table 2. Class Limits in Particles per Cubic Meters and Cubic Feet
(Actual particle sizes may be equal to or greater than those shown.)

*

C l a s s

Name Measured Particle Size

SI

U.S. Cus-

tomary

0.1 mm 0.2 mm 0.3 mm 0.5 mm 5 mm

(m3) (ft3) (m3) (ft3) (m3) (ft3) (m3) (ft3) (m3) (ft3)

M1.5 Class 1 1240 35.0 265 7.50 1063.0 35.3 1.00 — —

M2.5 Class 10 12,400 350 2650 75.0 1060 30.0 353 10.0 — —

M3.5 Class 100 — — 26,500 750 10,600 300 3530 100 — —

M4.5

C l a s s

1000 — — — — — — 35,300 1000 247 7.00

M5.5

C l a s s

10,000 — — — — — — 353,000 10,000 2470 70.0

M6.5

C l a s s

100,000 — — — — — — 3,530,000 100,000 24,700 700

* The class limits shown in this Table are defined for classification purposes only, and do not necessarily represent the size
distribution that could be found in any particular situation. Adapted from the Federal Standard No. 209E, General Services
Administration, Washington, DC 20407 (September 11, 1992).

Table 1. International Organization of Standardiza-

tion (ISO) Classification of Particulate Matter in Room

Air [Limits are in particles 0.5 mm and larger per cubic

meter (current ISO) and cubic feet (former Federal Standard

No. 209E, FS209E).]*

Class Name Particle Size

ISO Class U.S. FS 209E ISO, m3 FS 209E, ft.3

3 Class 1 35.2 1

4 Class 10 352 10

5 Class 100 3520 100

6 Class 1000 35,200 1000

Class Name Particle Size

ISO Class U.S. FS 209E ISO, m3 FS 209E, ft.3

7 Class 10,000 352,000 10,000

8 Class 100,000 3,520,000 100,000

* Adapted from the Federal Standard No. 209E, General

Services Administration, Washington, DC, 20407 (Sep-

tember 11, 1992) and ISO [4644-1:1999 Clean rooms

and associated controlled environments—Part 1: Classifi-

cation of air cleanliness. For example, 3520 particles of 0.5

mm per m3 or larger (ISO Class 5) is equivalent to 100 par-

ticles per ft3 (Class 100) (1 m3 = 34.314 ft.3).

Airflow through high-efficiency particulate air (HEPA)

filters is unidirectional or columnar, and because of the pore

size of the filter the ‘‘first air’’ at the face of the filter is, for

the purposes of aseptic sterile preparation (SP) compound-
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ing, free from airborne particulate contamination. Barrier

isolators provide a suitable environment by restricting any

ambient air from the work chamber. These systems are not

as sensitive to external environments as the HEPA-filtered

unidirectional airflow units.

Several aspects of barrier isolation and filtered unidirec-

tional airflow in work environment must be understood

and practiced in the SP compounding process. Policies

and procedures for maintaining and working in the pre-

scribed conditions for aseptic processing must be prepared,

updated, maintained, and implemented and are determined

by the scope and risk levels of the activities undertaken in

the SP compounding operation.

In general, the CSP work environment is designed to have

the cleanest work surfaces (horizontal or vertical clean

benches, biological safety cabinets, or isolators) located in

a buffer area, which is preceded by an anteroom that pro-

vides a clean area for donning personnel barriers, such as

hair covers, gloves, gowns, or full clean-room attire. The

class limit of the buffer or core room has to be demonstrably

better than that of ambient air to reduce the risk of contami-

nants being blown, dragged, or otherwise introduced into

the filtered unidirectional airflow environment. For exam-

ple, strong air currents from opened doors, personnel traffic,

or air streams from the heating, ventilating, and air-condi-

tioning systems can easily disrupt the unidirectional, colum-

nar airflow in the open-faced workbenches. The operators

may also introduce disruptions in flow by their own move-

ments and by the placement of objects onto the work sur-

face.

The class limit of the air in the buffer area, in conjunction

with the expertise of the operator, is critical to maintaining

the M3.5 (class 100) conditions within the workstation. The

air entering the buffer area should be fresh, HEPA-filtered,

conditioned air. The air in the buffer area should meet the

requirements for at least an M6.5 (Class 100,000) clean

room for low- and medium-risk operations and for at least

an M5.5 (Class 10,000) clean room for high-risk operations.

Buffer or clean-room areas in which LAFWs are located are

to provide at least ISO Class 8 air quality (see Table 1). Mea-

suring, weighing, mixing, and other manipulations of non-

sterile in-process CSPs are also performed in air quality of at

least ISO Class 8 (see Table 1). Appropriate air conditioning

and humidity controls must be in place for the buffer area..4
Tasks carried out within the buffer area should be limited to

those for which a controlled environment is necessary. Only the
furniture, equipment, supplies, and other goods required for the
tasks to be performed may be brought into this room, and they
should be nonpermeable, nonshedding, and resistant to disinfec-
tants. Whenever such items are brought into the room, they should
first be cleaned and sanitized. Whenever possible, equipment and
other items used in the buffer area should not be taken from the
room except for calibration, servicing, or other activity associated
with the proper maintenance of the item.
The surfaces of ceilings, walls, floors, fixtures, shelving, coun-

ters, and cabinets in the buffer area should be smooth, impervious,
free from cracks and crevices, and nonshedding, thereby promot-
ing cleanability and minimizing spaces in which microorganisms
and other contaminants may accumulate. The surfaces should be
resistant to damage by sanitizing agents. Junctures of ceilings to
walls should be coved or caulked to avoid cracks and crevices
where dirt can accumulate. If ceilings consist of inlaid panels,
the panels should be impregnated with a polymer to render them
impervious and hydrophobic, and they should be caulked around
each perimeter to seal them to the support frame. Walls may be of
panels locked together and sealed or of epoxy-coated gypsum
board. Preferably, floors are overlaid with wide sheet vinyl flooring
with heat-welded seams and coving to the sidewall. Dust-collect-
ing overhangs, such as ceiling utility pipes, or ledges, such as win-
dowsills, should be avoided. The exterior lens surface of ceiling
lighting fixtures should be smooth, mounted flush, and sealed.
Any other penetrations through the ceiling or walls should be
sealed.
The buffer area should contain no sinks or floor drains. Work

surfaces should be constructed of smooth, impervious materials,
such as stainless steel or molded plastic, so that they are readily
cleanable and sanitizable. Carts should be of stainless steel wire
or sheet metal construction with good quality, cleanable casters
to promote mobility. Storage shelving, counters, and cabinets
should be smooth, impervious, free from cracks and crevices, non-
shedding, cleanable, and sanitizable. Their number, design, and
manner of installation should promote effective cleaning and sani-
tizing.

ACCESS CONTROL TO THE BUFFER ROOM AND

ANTEROOM

Access to the buffer area should be planned and strictly con-
trolled because of the need to protect the aseptic operations per-
formed in an LAFW

a suitably controlled enviroment (SCE)
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from contaminating substances, while permitting supplies and per-
sonnel to enter the area from relatively uncontrolled storerooms,
from the main pharmacy, or from administrative areas. Access
should be strictly limited to only designated, qualified personnel.
The number of personnel in the buffer area at any one time should
not exceed those essential to perform the required tasks.
An anteroom or other separated area should be available for the

decontamination of supplies, equipment, and personnel before they
enter the buffer area. (This decontamination area is hereafter re-
ferred to as the Anteroom

and the buffer area as the Buffer Room,
as shown in Figure 1.) The size of the room should be sufficient to
accommodate this activity with the heaviest work load anticipated.
Minimally this would require space for two or more carts and space
for personnel to clean, sanitize, and transfer supplies from the
stockroom cart to the clean room cart. A floor demarcation should
identify the maximum distance into the room that stockroom carts
can penetrate.
The Anteroom should also be designed for uncartoning and dis-

infecting large-volume injection (LVI) bottles, pouches of hypo-
dermic syringes, ampuls, vials, pouches of LVI bags, transfer set
packages, and other required supplies. Here, also, carts for use in
the Buffer Room should be cleaned and disinfected.
One or more sinks and a forced air hand dryer or disposable non-

shedding towels should be available near the entrance door to the
Buffer Room so that personnel can scrub their hands and arms be-
fore donning hair covers, shoe covers, clean gowns, and face
masks. After donning hair and shoe covers, foamed alcohol may
be used to resanitize the hands. Faucet handles should be designed
so that they can be shut off with the elbows or feet. An alternate
procedure being used increasingly is to disinfect the hands and
arms with a foamed alcohol, or other effective sanitizer, instead
of scrubbing with detergent and water. The hot air hand dryer is
then not needed. A means of demarcation should be provided be-
tween the Buffer Room side and the general entry side of the Ante-
room to enhance the gowning procedure. One option, a movable
bench (preferably of stainless steel), shown in Figure 1, provides
a barrier and place for personnel to sit down to don shoe covers just
before entering the Buffer Room. A storage area for clean gowning
supplies should be conveniently located nearby. The door into the
Buffer Room should remain automatically, positively closed and
capable of being opened with elbow hooks or other means without
using clean hands. The Anteroom should be designed to reduce to
as low as possible the risk of recontamination of cleaned and sani-
tized supplies and personnel prior to entry into the Buffer Room.
An Anteroom as just described is necessary for high-risk opera-

tions. For low-risk operations, a carefully controlled area adjacent
to the Buffer Room but without rigid walls may be acceptable.
However, essentially the same attention for organization and clean-
liness of the anteroom area is to be given in conjunction with both
high-

, medium-, and
and low-risk operations.

.CSP Environment

The contamination reduction conditions and procedures

in this section include LAFWs being located within buffer

or clean-room areas that maintain at least an ISO Class 8

(see Table 1). It is preferred, but not necessary, to locate bar-

rier isolators within such a buffer air quality area. The fre-

quency and amount of personnel access to buffer air quality

areas is restricted to minimize contaminants, while allowing

delivery of essential materials for CSPs. Food, drinks, and

materials exposed in patient care and treatment areas must

never be introduced into areas where components and ingre-

dients for CSPs are present.

In an area near, but physically isolated from the buffer

room area—the anteroom area—supplies, such as needles,

syringes, ampuls, bags, vials of parenteral fluids, and

packages of transfer tubing sets for large-volume fluids

are uncartoned and disinfected.

Hand sanitizing and gowning activities also occur in the

anteroom area adjacent to the buffer area. Faucet handles are

designed to be hands-free. Before processing CSPs, hands

are resanitized after donning all appropriate garb, except

for gloves. A demarcation line or barrier identifies the se-

paration of the buffer area from the anteroom area. Com-

pounding personnel must be capable of accessing the

buffer area without use of their hands. Anteroom areas ad-

jacent to buffer areas are intended to minimize the introduc-

tion of contaminants into buffer areas..4

Cleaning and Sanitizing the Workspaces

The cleaning, sanitizing, and organizing of the LAFW

SCE

.direct and contiguous compounding areas (DCCA)..4
should be

.is.4
the responsibility of trained operators (pharmacists and techni-
cians) following written procedures and should be

.is.4
performed at the beginning of each shift. All items should

.Before compounding is performed, all items are.4
removed from the LAFW

SCE
and all surfaces wiped clean with a freshly prepared mild detergent
followed by an approved sanitizing agent, allowing sufficient time
for the agent to exert its antimicrobial effect. The chosen sanitizing
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agent should be rotated with one of a different action at least quar-
terly. Recleaning should be performed if spillage or other events
indicate the need.

.DCCA and all surfaces are cleaned of loose material and

residue from spills, followed by an application of a resi-

due-free sanitizing agent2 that is left on for a time sufficient

to exert its antimicrobial effect..4

Work surfaces near the LAFW in the Buffer Room should be

SCE

.DCCA in the buffer or clean area are.4
cleaned in a similar manner, including counter tops and supply
carts. Storage shelving should be

.is.4
emptied of all supplies and then cleaned and sanitized at least
weekly, using approved agents.
Floors in the Buffer Room should be

.buffer or clean area are.4
cleaned by mopping once daily when no aseptic operations are in
progress. Mopping may be performed by trained and supervised
custodial personnel using approved agents described in the written
procedures. Only approved cleaning and sanitizing agents should
be utilized,

.are used.4
with careful consideration of compatibilities, effectiveness, and in-
appropriate or toxic residues. Their schedules of use and methods
of application should be

.are.4
in accord with written procedures. All cleaning tools, such as wi-
pers, sponges, and mops, should be

.are.4
nonshedding and dedicated to use in the Buffer Room.

.buffer or clean area..4
Floor mops may be used in both the Buffer Room and the Ante-
room,

.buffer or clean area and anteroom area,.4
but only in that order. Most wipers should be

.are.4
discarded after one use. If cleaning tools are reused, their cleanli-
ness should be

.is.4
maintained by thorough rinsing and sanitization after use and by
storing in a clean environment between uses. Trash should be

.is.4
collected in suitable plastic bags and removed with minimal agita-
tion.
In the Anteroom,

.anteroom area,.4
supplies and equipment removed from shipping cartons should be

.are.4
wiped with a sanitizing agent, such as sterile 70% isopropyl alco-
hol (IPA)3 , which is checked periodically for contamination. Al-
ternatively, if supplies are planned to be received in sealed
pouches, the pouches can be removed as the supplies are intro-
duced into the Buffer Room

.buffer or clean area.4
without the need to sanitize the individual supply items. No ship-
ping or other external cartons may be taken into the Buffer Room.

.buffer or clean area..4
Cleaning and sanitizing of the Anteroom should be

.anteroom area is.4
performed at least weekly by trained and supervised custodial per-
sonnel, in accordance with written procedures. However, floors are
cleaned and sanitized daily, always proceeding from the Buffer
Room to the Anteroom.

.buffer or clean area to the anteroom area..4
Storage shelving should be

.is.4
emptied of all supplies and cleaned and sanitized at planned inter-
vals, preferably monthly.
These cleaning and sanitizing procedures apply to both low-risk

and high-risk operations.

Personnel

.Cleansing.4
and Gowning

Personnel are critical keys to the maintenance of asepsis when
carrying out their assigned responsibilities. They must be thor-
oughly trained in aseptic techniques and be highly motivated to
maintain these standards each time they prepare a sterile product.
Prior to entering the Buffer Room,

.buffer or clean area,.4
operators should remove outer lab jackets or the like, makeup, and
jewelry and should thoroughly scrub hands and arms to the elbow.
After drying hands and arms they should properly don clean, non-
shedding uniform components, including hair covers, shoe covers,
knee-length coats or coveralls, and sterile latex

.appropriate sterile protective.4
gloves, in that order. The coats should fit snugly at the wrists and be
zipped or snapped closed in the front. Shoe covers should be
donned so that feet then touch the floor only on the clean side of
the bench or other demarcation. Face masks should be donned just
prior to beginning work at the horizontal LAFW,

SCE,
as talking, sneezing, or coughing normally generates an air velocity
that exceeds the velocity of air from the LAFW.

2 Approved by the pharmacist in charge.

3 NOTE—70% isopropyl alcohol (IPA) may harbor resistant microbial
spores. Therefore, IPA used in aseptic areas should always be filtered
through a 0.2-mm hydrophobic filter to render it sterile.
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SCE.
When working at a vertical LAFW,

SCE,
the wearing of a mask is optional where a solid transparent shield
establishes a physical barrier between the face of the operator and
the workspace. However, any facial hair should be completely cov-
ered in all instances.
Sterile latex

Appropriate sterile protective
gloves should be put on, aseptically—being sure to protect the out-
er surfaces from contamination—as the last uniform component.
Latex gloves are

The gloves must be
effective in containing bacteria, skin scales, and other particles
shed by the most scrupulously scrubbed hands. However, the outer
sterile

glove
surfaces do not remain sterile since they will contact the room air,
sanitized supply items, work counters, and other surfaces that,
while clean, are not sterile. Therefore, operators must perform
aseptic manipulations in a manner designed to prevent touching
critical sites with the gloved fingers or hands. Further, operators
should attempt to maintain gloved hand surfaces as free from con-
tamination as possible by repeated rinsing with a sterile sanitizing
agent, such as IPA, during use.
Sterile latex

Appropriate sterile protective
gloves must be worn when operator protection as well as product
protection is essential, such as during operations involving cyto-
toxic or otherwise hazardous sterile products.

.before beginning activities in the DCCA to minimize air-

borne contaminants from coughing, sneezing, and talking.

When preparing CSPs in a vertical flow LAFW with a

transparent shield between the face of the operator and ster-

ile components, or when using an isolator, wearing a face

mask is optional, but head and facial hair must be covered.

Appropriate powder-free protective gloves are sterile or,

if nonsterile, are sanitized with an appropriate antimicrobial

cleaner such as 70% alcohol before use. Protective gloves

are put on as the last uniform component. When nonsterile

gloves, chosen for their chemically protective composition,

are used, they are disinfected with sterile 70% isopropyl al-

cohol or an antimicrobial agent that is allowed to evaporate

before beginning compounding procedures. Sterile and sa-

nitized gloves do not remain sterile and clean during com-

pounding activities because they come in contact with

nonsterile surfaces and air. Therefore, compounding person-

nel must be trained to avoid touching sterile surfaces of

packages, transfer devices, and components within ISO

Class 5 or superior environments (see Table 1). During pro-

tracted compounding activities, personnel should intermit-

tently resanitize their gloves with sterile 70% isopropyl

alcohol..4
Proper scrubbing and gowning immediately prior to entry into

the Buffer Room

.buffer or clean area.4
is required of all personnel, without exception. Should the operator
find it necessary to leave the room, the coat may be carefully re-
moved at the entrance and hung inside out for redonning upon re-
entry, but only during the same shift. However, hair covers, masks,
shoe covers, and gloves should be discarded and new ones donned
prior to re-entry.
For high-risk operations, it is especially critical to minimize the

risk of contamination on lab coats, coveralls, and other garb to be
worn in the Buffer Room.

.buffer or clean area..4
Preferably, fresh clean garb should be donned upon each entry into
the Buffer Room

.buffer or clean area.4
to avoid liberating contaminants from previously worn garb. Alter-
natively, garb that has been worn may be removed with the inten-
tion of regarbing for re-entry into the Buffer Room

.buffer or clean area.4
and stored during the interim under proper control and protection
in the Anteroom.

.anteroom area..4
Garb worn or taken outside the confines of the Anteroom should
not be worn in the Buffer Room.

.anteroom area cannot be worn in the buffer or clean area..4
Dispersion of particles from body surfaces, such as from skin

rashes, sunburn, or cosmetics, increases the risk of contamination
of critical sites and should

.must .4
be appropriately controlled or minimized. If severe, the operator
should be excluded from the Buffer Room

.must be excluded from the buffer or clean area.4
until the condition is remedied, especially for high-risk operations.

Suggested Standard Operating Procedures

The pharmacy should have written, properly approved standard
operating procedures (SOPs) designed to ensure the quality of the
environment in which a CSP is prepared. The following procedures
are recommended:
(1) Access to the Buffer Room should be

.buffer or clean area is.4
restricted to qualified personnel with specific responsibilities
or assigned tasks in the area.

(2) All cartoned supplies should be decontaminated in the Ante-
room
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.are decontaminated in the anteroom area.4
by removing them from shipping cartons and wiping

.or spraying.4
with a disinfecting agent, such as sterile IPA, while being
transferred to a clean, sanitized cart or other conveyance for
introduction into the Buffer Room.

.buffer or clean area..4
Individual pouched supplies need not be wiped because the
pouches can be removed as these supplies are introduced into
the Buffer Room.

.buffer or clean area..4
(3) Supplies required frequently or otherwise needed close at

hand but not necessarily needed for the scheduled operations
of the shift should be

.are.4
decontaminated and stored on the shelving in the Anteroom.

.anteroom area..4
(4) Carts used to bring supplies from the storeroom should not

.cannot.4
be rolled beyond the demarcation line in the Anteroom,

.anteroom area,.4
and carts used in the Buffer Room should not

.buffer or clean area cannot.4
be rolled outward beyond the demarcation line unless cleaned
and sanitized before returning.

(5) Generally, supplies required for the scheduled operations of
the shift should be

.are.4
prepared and brought into the Buffer Room.

.buffer or clean area,.4
preferably on one or more movable carts. Supplies that are
required for back-up or general support of operations may
be stored on the designated shelving in the Buffer Room,

.buffer or clean area,.4
but

.avoid.4
excessive accumulation of supplies. should be avoided.

.
.4

(6) Objects that shed particles should not

.cannot.4
be brought into the Buffer Room,

.buffer or clean area,.4
including pencils, cardboard cartons, paper towels, and cotton
items.

.Only nonshedding paper-related products (boxes,

work records, and so forth) can be brought into the buf-

fer or clean area..4

(7) Traffic flow in and out of the Buffer Room should be

.buffer or clean area must be.4
minimized.

(8) Personnel preparing to enter the Buffer Room should

.buffer or clean area must.4
remove all jewelry from hands and arms.

(9) Personnel entering the Buffer Room should

.buffer or clean area must.4

first scrub hands and arms with soap, including using a scrub
brush on the fingers and nails. An air dryer or disposable non-
shedding towels should be

.are.4
used to dry hands and arms after washing.

(10) Personnel entering the Buffer Room,

.buffer or clean area,.4
after scrubbing, should don attire as described under Person-
nel and Gowning

.Personnel Cleansing and Gowning.4.
(11) No chewing gum, candy, or food items may be brought into

the Buffer Room.

.buffer or clean area or anteroom area..4
(12) At the beginning of each shift and when spillage occurs, the

LAFW

SCE
surface should be

is
wiped with a clean, nonlinting wiper or sponge dampened
with distilled water. The entire inside of the LAFW should
then be

SCE is then
wiped with another clean wiper wet with an approved disin-
fectant, such as IPA.

.At the beginning of each compounding activity ses-

sion, and after liquids are spilled, the surfaces of the di-

rect compounding environment are first cleaned with

Purified Water to remove water soluble residues. Imme-

diately thereafter, the same surfaces are sanitized with

sterile 70% isopropyl alcohol, or other effective antimi-

crobial agents, using a nonlinting wipe..4

(13) The blower of the LAFW should be

SCE is
operated continuously. However, in the event of a long period
of nonuse, the blower may be turned off and the opening cov-
ered with a plastic curtain or other shield.

access to the Buffer Room is prohibited.
Before reuse, all internal surfaces should be

are
sanitized and the blower operated for a minimum of 30 min-
utes or as individual testing or studies support.

.When LAFWs or barrier isolators are used as the ISO

Class 5 air quality environment (see Table 1), their

blowers must be operated continuously during com-

pounding activity, including during interruptions of less

than 8 hours. When the blower is turned off and before

other personnel enter to perform compounding activ-
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ities, only one person can enter the contiguous buffer

area for the purposes of turning on the blower (for at

least 30 minutes) and of sanitizing the work surfaces..4
(14) Traffic in the area of the LAFW should be

SCE is

.DCCA is.4
minimized and controlled. The LAFW should be

SCE is

.DCCA is.4
shielded from all less clean air currents that are of higher ve-
locity than the clean laminar airflow.

(15) Supplies to be utilized in the LAFW

SCE

.DCCA.4
for the planned procedures should be

.are.4
accumulated and then decontaminated by wiping

.or spraying.4
the outer surface with IPA or removing the outer wrap at the
edge of the LAFW

SCE

.DCCA.4
as the item is introduced into the aseptic work area.

(16) After proper introduction into the LAFW

SCE

.DCCA.4
of supply items required for and limited to the assigned opera-
tions, they should be

.are.4
so arranged that a clear, uninterrupted path of HEPA-filtered
air will bathe all critical sites at all times during the planned
procedures. That is, no objects may be placed behind an ex-
posed critical site in a horizontal position or above in the ver-
tical laminar flow workbench.

(17) All supply items should be arranged in the LAFW

.are arranged in the SCE DCCA so as.4
to reduce clutter and to provide maximum efficiency and or-
der for the flow of work.

(18) All procedures should be

.are.4
performed in a manner designed to minimize the risk of touch
contamination. Gloves should be

.are.4
sanitized with adequate frequency

.with an approved disinfectant..4

(19) All rubber stoppers of vials and bottles and the neck of ampuls
should be

.are.4
sanitized with IPA prior to the introduction of a needle or
spike for the removal of product.

(20) After the preparation of every admixture, the contents of the
container should be

.are.4
thoroughly mixed and then inspected for the presence of par-
ticulate matter, evidence of incompatibility, or other defects.

(21) After procedures are completed, used syringes, bottles, vials,
and other supplies should be

.are.4
removed, but with a minimum of exit and re-entry into the
LAFW

SCE

.DCCA.4
to minimize the risk of introducing contamination into the
aseptic workspace.

Environmental Control and Monitoring Program

Because achieving or maintaining sterility is essential in the
preparation of sterile products, the assessment of the level of con-
trol of the environment in which those products are prepared is re-
commended.

required.
The level of environmental control achieved may be evaluated by
measuring the viable and the total (viable and nonviable) number
of particles in the environment. Viable particle counting is recom-
mended for environmental assessment. Total particle counting is
recommended for facility classification.
Viable particle counts are indicative of the portion of the total

particle counts that represent microorganisms, normally reported
as colony-forming units (cfu), since typical viable particle counting
results do not distinguish between single microorganisms and clus-
ters. The difficulties in obtaining consistent and quantitative
growth of microorganisms and the time lag between sampling
and obtaining results because of growth time are important envir-
onmental monitoring limitations.
Total particle counts are usually performed by means of electro-

nic instruments that give results instantly, based upon the measure-
ment of particles in a prescribed volume of air. Clean room
classifications (see Table 2) are based upon such measurements.
A number of different types of instruments are available. Measure-
ments can be made one at a time, or, with most instruments, auto-
matically obtained on a planned, ongoing schedule. Instantaneous
results permit assessment of environmental particulates at any gi-
ven time and permit rapid changes in the control program should
the results indicate a problem. However, these results do not dis-
tinguish between viable and nonviable particulates.
This section focuses on the measurement and monitoring of pro-

grams for viable particles.5

TESTING PROGRAM

A testing program is based upon the use of various methods for
collecting an environmental sample on a nutrient, usually solid,
culture medium, incubating at a temperature and for a time period
conducive to the multiplication of any collected microorganisms,
and then counting the discrete colonies that have developed on the
surface of the medium. The count, reported as cfu, is a measure of
microbial contamination of the environment at the time and under
the conditions of sampling.

5 The PDATechnical Report No. 13, 1990, may be consulted for details and
monitoring methods not covered in this section.
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In general, test methods for airborne environmental microbial
contaminants either determine the number of cfu collected in a
measured volume of air (‘‘quantitative’’ or ‘‘volumetric’’) or dur-
ing a specified period of time. Any test method sensitive enough to
show trends in environmental quality under specified conditions of
the sampling used is acceptable. In general, quantitative methods
are preferred over nonquantitative methods

, but an organization has to consider suitable options in or-

der to select a methodology and implement it consistently.
When using either approach, the sample size should be sufficient to
give a result of statistical significance. The testing program also
includes surface sampling.
Dynamic monitoring, that is, testing under operating conditions

during work activity, should be used routinely in order to give a cfu
count during the processing of an SP

a CSP
that demonstrates the critical effects of the presence and movement
of operators. The latter is possible when comparing results from
dynamic monitoring with results from static monitoring when no
processing is being performed. Static monitoring generally evalu-
ates the status of the facilities, operating equipment, and house-
keeping.
The greatest value of ongoing microbial monitoring is achieved

when microbial recoveries show trends. For a given environmental
area, a baseline count is determined under the best environmental
control believed to be possible for the area. Sampling should be
done

is performed
in selected locations and in a manner intended to reflect best the
environmental conditions in the area

(that is, after a thorough cleaning of the area to be tested).
The encircled letters on Figure 1 illustrate possible sampling loca-
tions. To establish the baseline count, a large number of samples
should be taken in multiple locations over a period of time to reflect
time of day and week, workload conditions, and, preferably, sea-
sonal variations. Analysis of these results would give counts nor-
mally expected to be achievable and the identification of a reduced
number of selected sites expected to reflect the environmental con-
ditions in the area with subsequent monitoring. This analysis then
becomes the basis for ongoing monitoring. The baseline count lim-
its may be slightly higher for low-risk operations than for high-risk
operations. Subsequently, any significant change in the counts ob-
tained, either as a single spike or a gradual rise in the cfu count,
would require investigation into the cause.
When counts exceed the established baseline count by a deter-

mined amount (the action level), a written plan of action should be

is
initiated. The plan would usually call for a repeat of the monitoring
tests the next day and an investigation into the cause, and may in-
clude such actions as review of decontamination procedures, resa-
nitization of the LAFW

SCE
and the Buffer Room, a change to a different sanitizing agent, or
retraining of operators. It should be remembered that microbial
monitoring results are not available until after incubation, usually
48 hours, thus causing a delay in taking any corrective action.
Therefore, trends should be

have to be
detected as early as possible. Action levels would be slightly higher
for low-risk operations than for high-risk operations.
The workspace in an LAFW

SCE

is the only environment required to meet M3.5 (Class 100) condi-
tions, with the exception of specialized rooms (e.g., laminar flow
rooms) specifically designed to achieve M3.5 (Class 100) condi-
tions. To ensure that M3.5 (Class 100) conditions are met continu-
ously, the LAFW

SCE
(or room) should be

is
certified after installation and recertified at least annually and after
the unit is moved. This certification process includes testing for
HEPA filter leaks and the laminar airflow velocity. The microbial
counts normally anticipated within the LAFW

SCE
(or room) will average less than one per 10 cubic feet, even under
dynamic testing conditions. However, culture media exposed to the
airstream tend to dry and, therefore, should not be exposed for
more than 1 hour. Table 3 provides examples of microbial environ-
mental test limits, and is presented as a guide.6

Table 3. A Sample Dynamic Environmental Microbial
Monitoring Program

Low-Risk High-Risk
Baseline Action Action

Site cfu Level Level

Settling Platesa

A 0,1 3 2

D 2,3 6 4
E 4,5 10 6
J 5 10 7
L 8 15 10

Contact Plates
D 2,3 6 4
E 4,6 10 7
J 6 12 8
L 8 15 10

Slit-to-Agar or Impaction
Samplerb

A 0,1 3 2
E 5 10 7
H 8 15 10

a Based on 3-hour exposure, except 1-hour for ‘‘A’’. See Fig. 1 for site locations.
b Based on 10-ft.3 samples.

TEST METHODS

Awell-known test method is the exposure of settling plates, that
is, petri dishes with solid nutrient agar medium congealed in the
bottom section of the plate. These 100-mm diameter plates are sim-
ply opened and allowed to rest on a surface for a planned period of
time. They do not sample a known volume of air; rather, viable
particles collect on the agar surface as they fall from the environ-
ment or are impacted by the movement of air currents. Three-hour
exposure of settling plates in a room is an appropriate, easy, and
inexpensive way to obtain a representation of the contamination
that could be expected to settle from the air at the sampling site.

6 These test limits were compiled from suggested values in Technical
Monograph No. 2, the Parenteral Society (Great Britain), 1989, and other
sources.
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Well-known volume-of-air samplers include the slit-to-agar
(STA) sampler and the Reuter centrifugal air sampler (RCS). The
STA sampler utilizes a revolving nutrient agar plate under a slit
orifice to impinge the air sample particles on the surface of the nu-
trient agar in the plate. While the unit is portable, it requires a vac-
uum and an electrical source. The unit can be sanitized but not
sterilized. The RCS draws air with an impeller into the head of
the unit and centrifugally impacts any particles on a nutrient agar
strip around the perimeter of the head. The unit samples in multi-
ples of 40 liters per minute and is sanitizable and portable, with a
self-contained battery power unit. Both of these units are relatively
expensive but, unlike settling plates, have the advantage of quan-
titative sampling.
Surface sampling is most frequently done with contact plates7 to

detect accumulated microbial contamination on a flat surface.
These plates are 60 mm in diameter and filled with nutrient agar
medium to form a convex surface. The agar usually contains addi-
tives to help neutralize residues of disinfectants that may be on the
test surface. The agar is pressed onto a flat surface lifting any mi-
croorganisms present onto the surface of the agar. This method can
be considered to be relatively quantitative when contaminants are
residing superficially on a flat, smooth surface. However, residual
agar must be thoroughly removed from the test surface.

AN EXAMPLE OF AN ENVIRONMENTAL MONITORING

PROGRAM

The following is a suggestion for one possible environmental
monitoring program consisting of multiple tests to determine the
baseline count and subsequent reduced testing for ongoing moni-
toring of the environmental control conditions.8

Settling plates should be uncovered at sites A-N (see Fig. 1) and
exposed for 3 hours (except 1 hour at site A), both under static and
dynamic conditions. This test should be repeated each day and
each shift for at least one week, preferably two weeks. If STA or
RCS air samplers are used, at least 10 cu. ft. (280 liters) air samples
should be taken at sites B, D, E, J, K, and L. The nutrient agar
plates or strips are then incubated at 308 to 358 for 48 hours and
the colonies counted. These tests should be repeated about six
months later. The average number of colonies at each site is com-
puted to give baseline counts, being sure that housekeeping and
other environmental control procedures are functioning at maxi-
mum efficiency.
Similarly, at the end of each shift and before any clean-up sani-

tization is done, perform surface sampling with contact plates at the
same sites, being careful to remove any residual medium from the
surfaces with an alcohol wipe. In addition, at least the gloved index
finger of each operator should be rolled on a contact plate.
The results of these evaluations are critically reviewed. Using

the data given in Table 3 as an example, a reduced number of sites
for monitoring, which give the best evidence of the level of micro-
bial control maintained during facility operation, can be selected.
Monitoring tests under dynamic conditions should then be per-
formed at least weekly during the shift of highest activity at the
selected sites (i.e., sites D, E, J, and L, or other sites that give evi-
dence of being more representative of the true environmental con-
trol conditions). At least monthly another shift should be
monitored in the same manner. Volume-of-air samples might be
reduced to one site in each room weekly. However, the number
of monitoring sites or the sampling frequency should be increased
if there is any indication that the monitoring program is inadequate.
Action levels are determined by making a reasoned judgment. A
50% increase above the baseline count is probably reasonable

for high-risk operations. For low-risk operations an increase of
100% probably would be acceptable. However, whenever a rising
trend appears to be in progress, the operations should be

are
closely monitored with more frequent sampling being performed to
confirm whether or not a trend is occurring.

.Environmental Monitoring

In addition to the evaluation and verification of personnel

aseptic techniques and of the adequacy of compounding

processes and procedures (see Personnel Training and Eva-

luation in the Aseptic Manipulation Skills section), assess-

ment and verification of the adequacy of the sterile

compounding environment is essential, especially for pre-

paring high-risk preparations. Evaluation of environmental

quality is performed by measuring both the total number of

particles and the number of viable microorganisms in the

controlled air environments of the compounding area.

Certification that each LAFW and barrier isolator is func-

tioning properly and meets the air quality requirement of

ISO Class 5 (refer to Clean Rooms and Barrier Isolators

and Table 1 in the Environmental Quality and Control sec-

tion) is performed by a qualified operator(s) using current,

state-of-the-art electronic air sampling at least every six

months and whenever the LAFW or barrier isolator is relo-

cated. Similarly, the air quality of the buffer or clean area

and anteroom area is evaluated by a qualified operator(s)

for conformance to ISO Class 7 and ISO Class 8 require-

ments, as appropriate, at least every six months and when

renovations occur. These records are maintained and re-

viewed by the supervising pharmacist or other designated

employee.

Evaluation of airborne microorganisms in the controlled

air environments (LAFW, barrier isolators, buffer or clean

area, and anteroom area) is performed by properly trained

individuals using suitable electric air samplers or by expos-

ing sterile nutrient agar plates for a suitable time frame. For
7 Dishes meeting these specifications are obtainable from laboratory supply
houses as Rodac brand, or use the equivalent.
8 See also Am. J. Hosp. Pharm. 1980; 37:668.
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either approach, the air sampling is performed at locations

judged by compounding personnel to be the most prone to

contamination during compounding activities: this includes

zones of air backwash turbulence within LAFWs and other

areas where air backwash turbulence may enter the com-

pounding area. Such evaluations are performed as a regular

and ongoing process at least monthly for sterile compound-

ing areas used for low- and medium-risk preparations and at

least weekly for areas used for high-risk preparations.

For electric air samplers that actively collect volumes of

air for evaluation, the instructions for verification and use of

these devices must be followed. When using the passive ex-

posure of sterile nutrient agar settling plates, the covers are

removed and the media is exposed for a period usually last-

ing 1 hour or longer to collect viable microorganisms as they

fall from the environment. At the end of the designated ex-

posure period, the plates are recovered and incubated at a

temperature and for a time period conducive to multiplica-

tion of microorganisms on the nutrient agar—usually at 308

to 358 for a minimum of 48 hours. The number of discrete

colonies of microorganisms are then counted and reported

as colony forming units (cfu). This provides a measurement

of the level of microbial contamination in the air within the

tested environment.

The greatest value of viable microorganism monitored in

the air of the compounding environment is realized when

normal baseline cfu counts are determined over a period

of time. Determining the baseline cfu counts permits identi-

fication of a trend toward increasing microbial cfu counts. A

sufficiently increasing trend in cfu counts over time must

prompt a re-evaluation of the adequacy of cleaning proce-

dures, operational procedures, and air filtration efficiency

within the sterile compounding location. Action may be

warranted when an increasing trend to 50% above the base-

line for areas used for high- and medium- risk preparations

or to 100% above baseline for areas used for low-risk pre-

parations is found.

A written plan and schedule for the environmental moni-

toring procedures for airborne microorganisms must be es-

tablished and followed. The plan must be adequate to

evaluate the various controlled air environment areas

(LAFW, barrier isolator, buffer or clean area, and anteroom

area) of the sterile compounding facility. All compounding

personnel are trained in and educated about the importance

of this environmental monitoring process. For sterile com-

pounding areas used for low- and medium-risk preparations,

a minimum of monthly evaluation is appropriate. For sterile

compounding areas used for high-risk preparations, at least

weekly evaluation is appropriate..4

Change to read:

PROCESSING

Personnel Training and Evaluation

The pharmacy should follow a written program of training and
performance evaluation designed to ensure that each person work-
ing in the aseptic area has the appropriate knowledge and skills
necessary to perform the assigned tasks properly. Each person as-
signed to the aseptic area must successfully complete specialized
training in aseptic technique and aseptic area practices.
Training should include didactic material and practical skills ac-

tivities. Evaluation should include written testing and a written pro-
tocol of frequent routine performance checks involving random
direct observation of critical operations and adherence to all aseptic
area procedures and codes. Prompt appropriate action should occur
to correct performance deviations, whether detected during a per-
formance check or informally. At six-month intervals each per-
son’s continuing training needs should be reassessed, then
documented, to ensure that skill levels are maintained.

Aseptic Technique

All critical operations are carried out by appropriately trained
and qualified personnel in an LAFW using proper aseptic techni-
que described in a written procedure (see the section Suggested
Standard Operating Procedures). Aseptic technique is equally ap-
plicable to the preparation of sterile sensitizing and chemotoxic
agents. However, it should be recognized that additional precau-
tions must be used to protect the compounder and the compound-
ing environment from the adverse effects of the agents being
processed. A vertical laminar flow workbench (VLFW) with bio-
hazard control capabilities, the protective capabilities of garb and
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gloves, sprayback and spill control techniques, the use of specia-
lized compounding devices, and proper disposal are some of the
additional measures to be considered.

.Awritten description of specific training and performance

evaluation program for individuals involved in the use of

aseptic techniques for the preparation of sterile products

must be developed for each site. This program equips the

personnel with the appropriate knowledge and trains them

in the required skills necessary to perform the assigned

tasks. Each person assigned to the aseptic area in the prep-

aration of sterile products must successfully complete spe-

cialized training in aseptic techniques and aseptic area

practices prior to preparing products or working in this area.

The evaluation process includes a written test of the funda-

mental knowledge of aseptic techniques and the preparation

of sterile products, and a performance assessment of aseptic

techniques involving direct observation of critical steps and

of adherence to all aseptic techniques and codes. The results

of this testing process are made available for review. Person-

nel are tested at six-month intervals to determine continuing

training needs, and these results and actions are documented

to ensure that all skill levels are maintained. Prompt and ap-

propriate actions are taken to correct performance devia-

tions whenever the evaluation process detects them. CSPs

(see the Personnel Training and Evaluation in Aseptic Ma-

nipulation Skills section).

Aseptic Technique

Critical operations are carried out by appropriately trained

and qualified personnel in a DCCA using proper aseptic

techniques described in a written procedure (see Suggested

Standard Operating Procedures). Aseptic technique is

equally applicable to the preparation of sterile sensitizing

and chemotoxic agents. However, it is essential to recognize

that additional precautions must be utilized to protect the

personnel and the compounding environment from the po-

tential adverse effects of these chemotoxic products. The

minimum requirements for this process include the follow-

ing: working and validated vertical laminar flow workbench

(VLFW) with biohazard control capabilities; verified verti-

cal laminar airflow work bench, barrier isolator, or other en-

vironmental containment and control device with biohazard

control capabilities; the protective capabilities of gowns,

masks, bouffants, and gloves; sprayback and spill control

techniques and equipment; the use specialized compound-

ing devices and equipment; and proper disposal..4

Components

The pharmacy should

has to
follow written procedures to ensure that all items used to com-
pound sterile drug products retain their purported or expected qua-
lities at the time of administration.

.Compounding personnel ascertain that ingredients for

CSPs are of the correct identity and appropriate quality

using the following information: vendors’ labels, labeling,

certificates of analysis, direct chemical analysis, and knowl-

edge of compounding facility storage conditions..4

STERILE

.INGREDIENTS AND.4
COMPONENTS

Commercially available sterile drug products, sterile ready-to-
use containers and devices are examples of sterile components.
A written procedure for unit-by-unit physical inspection prepara-
tory to use should be

.is.4
followed to ensure that these components are sterile, free from de-
fects, and otherwise suitable for their intended use.

NONSTERILE

.INGREDIENTS AND.4
COMPONENTS

Drug components should meet compendial standards. Certifi-
cates of analysis from reputable manufacturers of bulk drug sub-
stances may be used to establish that each lot of bulk drug
substance received by the pharmacy meets its specifications. Bulk
drug substances stored properly in the pharmacy can be expected to
retain their quality until the manufacturer’s labeled expiration date.
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Bulk drug substances that are not labeled with a manufacturer’s
expiration date should be dated upon receipt, stored properly, dated
when opening the container, used within a reasonable period of
time, and visually inspected by the pharmacist upon use. The con-
ditions under which containers of bulk drug substances are opened
and the technique of the contents’ withdrawal should be strictly
controlled. Additionally, the devices used to withdraw the contents
should be clean to preclude contamination of the remaining con-
tents. The pharmacy may repackage bulk drug substances into
smaller, suitable, and properly sealed containers (e.g., using a
shrink seal) to minimize the risk of contamination. Upon receipt
of each lot of bulk drug substance used to compound an SP, the
pharmacy should perform an inspection of the lot for any visual
evidence of deterioration, other types of unacceptable quality,
and wrong identity. Visual inspection of bulk drug substances
should be performed routinely.

Drug components must meet the compendial standards if

available. Certificates of analysis from manufacturers of

bulk drug substances or excipients may be used to establish

that each lot of the bulk drug substance or excipient meets

the required specification prior to its use. Bulk drug sub-

stances or excipients have to be stored properly. If properly

stored, it is assumed that the bulk drug substance or excip-

ient will retain its quality until the manufacturer’s labeled

expiration date. Bulk drug substances or excipients not la-

beled with a manufacturer’s labeled expiration date have to

be strictly controlled. This control process includes the fol-

lowing: a log indicating the date of receipt and lot number;

and a log of product use including dates when the container

is opened, conditions under which the container can be

opened, specific devices required to withdraw the contents

to prevent contamination of the remaining contents, proper

storage of the container, use within a reasonable period of

time (6 or 12 months), and visual inspection upon removal

and prior to use. The bulk drug substance or excipient may

be repackaged into smaller and properly sealed containers

(e.g., using shrink seal) to minimize the risk of contamina-

tion.

.If any nonsterile components, including containers, de-

vices, and ingredients are used to make a CSP, such CSPs

must be compounded at a high-risk level. Nonsterile active

ingredients and added substances, or excipients, for CSPs

should preferably be official USP or NF articles. When non-

official ingredients are used, they must be accompanied by

certificates of analysis from their suppliers to aid com-

pounding personnel in judging the identity, quality, and pur-

ity in relation to the intended use in a particular CSP.

Physical inspection of a package of ingredients is necessary

in order to detect breaks in the container, looseness in the

cap or closure, and deviation from the expected appearance,

aroma, and texture of the contents.

Bulk, or unformulated, drug substances and added sub-

stances, or excipients, must be stored in tightly closed con-

tainers under temperature, humidity, and lighting conditions

that are either indicated in official monographs or approved

by suppliers; also the date of receipt in the compounding fa-

cility must be clearly and indelibly marked on each package

of ingredient. After receipt by the compounding facility,

packages of ingredients that lack a supplier’s expiration date

cannot be used after one year, unless either appropriate in-

spection or testing indicates that the ingredient has retained

its purity and quality for use in CSPs.

Careful consideration and evaluation of nonsterile ingre-

dient sources is especially warranted when the CSP will be

administered into the vascular, central nervous system, and

eyes.

Upon receipt of each lot of the bulk drug substance or ex-

cipient used for CSPs, the individual compounding the

preparation performs a visual inspection of the lot for evi-

dence of deterioration, other types of unacceptable quality,
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and wrong identification. The bulk drug substance or excip-

ient visual inspection is performed on a routine basis as de-

scribed in the written protocol..4

Because finished CSPs are not usually tested for pyrogens, non-
sterile bulk drug substances

or excipients
could impart pyrogenic properties to the finished product. There-
fore, the pharmacy should

has to
have a procedure to ensure that the final product does not exceed
specified endotoxin limits. See Bacterial Endotoxins Test h85i for
procedural details concerning endotoxin testing.

.
.4

Equipment

The pharmacy should ensure that equipment, apparatus, and de-
vices used to compound an SP are capable of consistently operat-
ing properly and within acceptable tolerance limits. Written
procedures should be established and followed that include equip-
ment calibration, annual maintenance, monitoring, and control.
Routine maintenance checks should be documented. Personnel
should be qualified through an appropriate combination of specific
training and experience to operate or manipulate any item of equip-
ment, apparatus, or device to which they will be assigned to use
when preparing drug products for patients. Training should include
the ability to determine whether any item of equipment is operating
properly or is malfunctioning.

.It is necessary that equipment, apparatus, and devices used

to compound an SP a CSP are consistently capable of oper-

ating properly and within acceptable tolerance limits. Writ-

ten procedures outlining required equipment calibration,

annual maintenance, monitoring for proper function, con-

trolled procedures for use of the equipment and specified

time frames for these activities are established and followed.

Routine maintenance and time intervals are also outlined in

these written procedures. Results from the equipment cali-

bration, annual maintenance reports, and routine mainte-

nance are kept on file for the lifetime of the equipment.

Personnel is prepared through an appropriate combination

of specific training and experience to operate or manipulate

any piece of equipment, apparatus, or device they may use

when preparing CSPs. Training includes gaining the ability

to determine whether any item of equipment is operating

properly or is malfunctioning..4

Add the following:

.VERIFICATION OF AUTOMATED

COMPOUNDING DEVICES FOR

PARENTERAL NUTRITION

COMPOUNDING

Automated compounding devices (ACDs) for the prepa-

ration of parenteral nutrition admixtures are widely used by

pharmacists in hospitals and other health care settings. They

are designed to streamline the labor-intensive processes in-

volved in the compounding of these multiple-component

formulations by automatically delivering the individual nu-

tritional components in a predetermined sequence under

computerized control. Parenteral nutrition admixtures often

contain 20 or more individual additives representing as

many as 50 or more individual components (e.g., 15 to 20

crystalline amino acids, dextrose monohydrate, and lipids;

10 to 12 electrolyte salts; 5 to 7 trace minerals; and 12 vita-

mins). Thus, the ACDs can improve the accuracy and pre-

cision of the compounding process compared to the

traditional, manual compounding methods. Pharmacists

should consult the general information chapter Validation

of Compendial Methods h1225i for verification parameters

to be considered when evaluating an ACD.

Accuracy

The accuracy of an ACD can be determined in various

ways to ensure that the correct quantities of nutrients, elec-

trolytes, or other nutritional components are delivered to the

final infusion container. Initially, the ACD is tested for its

volume and weight accuracy. For volume accuracy, a suit-

able volume of Sterile Water for Injection, which represents

a typical additive volume (e.g., 40 mL for small-volume

range of 1 to 100 mL; or 300 mL for large-volume range

of 100 to 1000 mL), is programmed into the ACD and de-
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livered to the appropriate volumetric container. The pharma-

cist then consults Volumetric Apparatus h31i for appropriate

parameters to assess the volumetric performance of the

ACD. For gravimetric accuracy, the balance used in con-

junction with the ACD is tested using various weight sizes

that represent the amounts typically used to deliver the var-

ious additives. The pharmacist consults Weights and Bal-

ances h41i for acceptable tolerances of the weights used.

In addition, the same volume of Sterile Water for Injection

used to assess volumetric accuracy is then weighed on the

balance used in conjunction with the ACD. For example, if

40 mL of water was used in the volumetric assessment, its

corresponding weight should be about 40 g (assuming the

relative density of water is 1.0). In addition, during the

use of the ACD, certain additives, such as potassium chlo-

ride (corrected for density differences) can also be tested in

the same manner as an in-process test.

Finally, additional tests of accuracy may be employed

that determine the content of certain ingredients in the final

volume of the parenteral nutrition admixture. Generally,

pharmacy departments do not have the capability to routi-

nely perform chemical analyses such as analyses of dextrose

or electrolyte concentrations. Consequently, hospital or in-

stitutional laboratories may be called upon to perform these

quality assurance tests. However, the methods in such la-

boratories are often designed for biological, not pharmaceu-

tical, systems. Thus, their testing procedures must be

verified to meet the USP requirements stated in the indivi-

dual monograph for the component being tested. For exam-

ple, under Dextrose Injection, the following is stated: It

contains not less than 95.0 percent and not more than

105.0 percent of the labeled amount of C6H12O6 �H2O.

The hospital or institutional chemistry laboratories have to

validate their methods to apply to this range and correct for

their typical measurement of anhydrous dextrose versus

dextrose monohydrate. Similar ranges and issues exist, for

example, for injections of calcium gluconate, magnesium

sulfate, potassium chloride, and so forth. The critical point

is the use of USP references and possible laboratory proce-

dural differences.

Precision

The intermediate precision of the ACD can be determined

on the basis of the day-to-day variations in performance of

the accuracy measures. Thus, the pharmacist must keep a

daily record of the above-described accuracy assessments

and review the results over time. This review must occur

at least at weekly intervals to avoid potentially clinically sig-

nificant cumulative errors over time. This is especially true

for additives with a narrow therapeutic index, such as potas-

sium chloride..4

Change to read:

FINISHED PRODUCT

.PREPARATION.4
RELEASE CHECKS AND TESTS

All SPs should be

CSPs are
subjected to appropriate checks or tests to ensure that only those
SPs free from defects and meeting all quality specifications

as outlined in the product documentation
will be distributed. An SP should not

cannot
be released until all quality specifications have been reviewed, and
it is determined that all release requirements are met.

.high-risk level CSPs for administration by injection into

the vascular and central nervous systems that are prepared

in groups of more than 25 identical individual single-dose

packages (such as ampuls, bags, syringes, and vials), or in

multiple dose vials for administration to multiple patients, or

are exposed longer than 12 hours at 28 to 88 and longer than

6 hours at warmer than 88 before they are sterilized are

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
Vol. 29(3) [May–June 2003] IN-PROCESS REVISION 783



tested to ensure that they are sterile (see Sterility Tests h71i)

and do not contain excessive bacterial endotoxins (see Bac-

terial Endotoxins Test h85i). All CSPs that are intended to

be solutions must be visually examined for the presence of

particulate matter and not administered or dispensed when

such matter is observed. The prescription orders, written

compounding procedure, preparation records, and expended

materials used to make CSPs in all contamination risk levels

are inspected for accuracy of correct identities and amounts

of ingredients, aseptic mixing and sterilization, packaging,

labeling, and expected physical appearance before they are

administered or dispensed..4

Physical Inspection

All finished SPs should be individually inspected in accordance
with written procedures after compounding and, if not distributed
promptly, prior to leaving the pharmacy.

.Finished CSPs are individually inspected in accordance

with written procedures after compounding. If not distribu-

ted promptly, these products are individually inspected just

prior to leaving the storage area. Those products that are not

immediately distributed are stored in an appropriate location

as described in the written procedures..4
Immediately after compounding and as a condition of release, each
product unit, where possible, should be inspected against lighted
white and black backgrounds

.or black background or both.4
for evidence of visible particulates or other foreign matter. Pre-re-
lease inspection should also include

.also includes.4
container–closure integrity and any other apparent visual defect.
Products with observed defects should be immediately discarded
or marked and segregated from acceptable products in a manner
that prevents their administration. When products are not distribu-
ted promptly after preparation, a predistribution inspection should
be

.is.4
conducted to ensure that a CSP with defects, such as precipitation,
cloudiness, and leakage, which may develop between the time of
release and the time of distribution, is not released.

Compounding Accuracy Checks

Written procedures for double-checking compounding accuracy
should be followed for every SP

.must be followed for every CSP during preparation and im-

mediately.4
prior to release. The double check system should meet state regu-
lations and include label accuracy and accuracy of the addition of
all drug products or ingredients used to prepare the finished pro-
duct and their volumes or quantities. The used additive containers
and, for those additives for which the entire container was not ex-
pended, the syringes used to measure the additive, should be quar-
antined with the final products until the final product check is
completed. Syringe plungers should be drawn back to the volume
mark used for each additive, if the additive volume was not
checked prior to the addition. Automated pump settings should
be verified just prior to or just after pumping and mixing, and
the volumes of each ingredient actually pumped should be checked
or the addition otherwise appropriately confirmed to establish that
the accuracy of the automated pump is within the limits set by the
manufacturer. Written procedures for accountability of all drug
product units used in the preparation of SPs should be

CSPs have to be
followed.
Additional finished product tests should be

are
performed on high-risk CSPs, as follows.

.Compounding personnel must visually confirm that ingre-

dients measured in syringes match the written order being

compounded. Preferably, a person other than the compoun-

der can verify that correct volumes of correct ingredients

were measured to make each CSP. For example, compound-

ing personnel would pull the syringe plunger back to the

volume measured.

When practical, confirm accuracy of measurements by

weighing a volume of the measured fluid, then calculating

that volume by dividing the weight by the accurate value of

the density, or specific gravity, of the measured fluid. Cor-

rect density or specific gravity values programmed in auto-

mated compounding devices, which measure by weight

using the quotient of the programmed volume divided by

the density or specific gravity, must be confirmed to be ac-

curate before and after delivering volumes of the liquids as-
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signed to each channel or port. These volume accuracy

checks and the following additional safety and accuracy

checks in this section must be included in the standard op-

erating procedures manual of the CSP facility..4

Sterility Testing

Sterility testing should be performed on Category II high-risk
SPs. Sampling for the sterility test should occur promptly upon
the completion of preparation. The sterility test, including the sam-
pling scheme, should be conducted according to one of the USP
methods (see Sterility h71i). Membrane filtration is the method
of choice where feasible. A method not described in the USP
may be used if validation results demonstrate that the alternative
is at least as effective and reliable as the USP membrane filtration
method or the direct transfer method where the membrane filtration
method is not feasible.
Normally, the SP should not be released for patient use until test

results show no evidence of microbial contamination of the pro-
duct. However, when the SP must be released prior to the comple-
tion of the sterility testing, the SP can be conditionally released. In
such a case, the pharmacy should have a procedure requiring daily
observation of the media and requiring an immediate recall if there
is any evidence of microbial growth. In addition, the physicians of
those patients to whom a potentially contaminated SP was adminis-
tered should be notified as to the potential risk to the patient. Po-
sitive sterility test results should prompt an investigation of aseptic
technique, environmental control, and other sterility assurance
controls to identify and correct problems as much as possible.

Sterility testing is performed on high-risk CSPs. Sam-

pling for the sterility test should occur promptly upon the

completion of compounding. The sterility test, including

the sampling scheme, is conducted according to one of the

USP methods (see Sterility Tests h71i).
.All high-risk level CSPs for administration by injection

into the vascular and central nervous systems that are pre-

pared in groups of more than 25 identical individual sin-

gle-dose packages (such as ampuls, bags, syringes, vials),

or in multiple dose vials for administration to multiple pa-

tients, or exposed longer than 12 hours at 28 to 88 and longer

than 6 hours at warmer than 88 before they are sterilized

must be tested to ensure that they are sterile (see Sterility

Tests h71i) before they are dispensed or administered. The

Membrane Filtration Method is the method of choice where

feasible (e.g., components are compatible with the mem-

brane). A method not described in the USP may be used

if verification results demonstrate that the alternative is at

least as effective and reliable as the USP Membrane Filtra-

tion Method or the USP Direct Transfer Method where the

membrane filtration method is not feasible.

Normally, the CSPs cannot be released for use until test

results show no evidence of microbial contamination of

the product. However, when a CSP must be released prior

to the completion of the sterility testing, the CSP can be con-

ditionally released. In such a case, a written procedure re-

quiring daily observation of the media and requiring an

immediate recall if there is any evidence of microbial

growth must be available. In addition, the patient and the

physician of the patient to whom a potentially contaminated

CSP was administered is notified of the potential risk. Posi-

tive sterility test results should prompt a rapid and systema-

tic investigation of aseptic technique, environmental

control, and other sterility assurance controls to identify

sources of contamination and correct problems in the meth-

ods or processes..4

Pyrogen Testing

.Bacterial Endotoxin (Pyrogen) Testing.4

Each CSP prepared from nonsterile drug components

or excipients,
or from an intermediate compounded from a nonsterile component
should be

is
tested for pyrogen or endotoxin according to the recommended
methods (see Bacterial Endotoxins Test h85i). The product should
not

cannot
be released until it has been determined that the endotoxin limit
specified for the product is not exceeded.

.All high-risk level CSPs for administration by injection

into the vascular and central nervous systems that are pre-

pared in groups of more than 25 identical individual sin-

gle-dose packages (such as ampuls, bags, syringes, vials),

or in multiple dose vials for administration to multiple pa-

tients, or exposed longer than 12 hours at 28 to 88 and longer
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than 6 hours at warmer than 88 before they are sterilized

must be tested to ensure that they do not contain excessive

bacterial endotoxins (see Bacterial Endotoxins Test h85i). In

the absence of a bacterial endotoxins limit in the official

monograph or other CSP formula source, the CSP must

not exceed the amount of USP Endotoxin Units (EU per

hour per kg of body weight or m2 of body surface area) spe-

cified in the above chapter for the appropriate route of ad-

ministration..4

Potency Testing

The pharmacy should have a procedure for a pre-release check
of the potency of the active ingredients in SPs prepared from non-
sterile bulk active ingredients. The procedure should include at
least the following verifications by a pharmacist:

Awritten procedure for a pre-release check of the potency

of the active ingredients in CSPs prepared from nonsterile

bulk active ingredients must be available. The procedure in-

cludes at least the following verifications by a pharmacist or

their agent:

1. The lot of the active ingredient used for compounding has the
necessary identity, potency, purity, and other relevant quali-
ties. For example, this can be established for official drug sub-
stances by comparing the information stated on the lot’s
certificate of analysis with the requirements specified in the
USP monograph for the substance.

2. All weighings, volumetric measurements, and additions of in-
gredients were carried out properly. This can be established
by reviewing compounding records to ensure that these steps
were confirmed and initialed by a second person during com-
pounding.

3. The compounding or control records include documentation
that the fill volumes of all units available for release were
checked and were correct.

4. The final yield is confirmed to be consistent with the theore-
tical yield.

Because beyond-use dating periods established from product-
specific data acquired from an appropriate instrumental analysis
are clearly more reliable than those predicted theoretically, the for-
mer approach is strongly urged to support dating periods exceeding
30 days.

.Identity and Strength Verification of Ingredients

Compounding facilities must have at least the following

written procedures for verifying the correct identity and

quality of CSPs before they are dispensed and administered:

1. That labels of CSPs bear correct names and amounts or

concentrations of ingredients; the total volume; the be-

yond-use date; the appropriate route(s) of administra-

tion; the storage conditions; and other information for

safe use.

2. That there are correct identities, purities, and amounts

of ingredients by comparing the original written order

to the written compounding record for the CSP.

3. That correct fill volumes in CSPs and correct quantities

of filled units of the CSPs were obtained. When the

strength of finished CSPs cannot be confirmed to be ac-

curate, based on the above three inspections, the CSPs

must be assayed by methods that are specific for the ac-

tive ingredients.

To inhibit microbial growth from undetected contamina-

tion, finished CSPs that will not be immediately dispensed

and administered must be refrigerated at 28 to 88, unless

their chemical and physical stability are known to be ad-

versely affected by cold temperatures. When CSPs are filled

into patient-worn infusion devices that are likely to attain

temperatures exceeding 308 for more than 24 hours, the

chemical and physical stability at such temperatures and

durations must be confirmed from either appropriate litera-

ture sources or direct testing..4

Change to read:

STORAGE AND BEYOND-USE DATING

Each finished drug product unit should bear labeling that speci-
fies the product’s storage requirements, manufacturer’s expiration
date or the beyond-use date, and, where appropriate, the time of
day beyond which the product is not to be used.

Each CSP unit shall bear labeling that specifies the pro-

duct’s storage requirements, manufacturer’s expiration date

or assigned beyond-use date according to the written proce-

dure and, where appropriate, the time of day beyond which

the product is not to be used.
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Unless otherwise indicated, CSPs should be refrigerated until
the time of use, with allowance for adequate time to equilibrate
to room temperature before administration. CSPs intended for ad-
ministration promptly after compounding may be retained at room
temperature from the time of compounding.
Even under the best of conditions, there is always the likelihood

that unsuspected microorganisms might inadvertently gain entry
into the CSP during aseptic processing. Thus, as an adjunct sterility
assurance measure, CSPs not intended for prompt use should be
stored at a temperature no higher than 48, that is, at a temperature
expected to inhibit microbial growth. Multi-day CSPs (injections
prepared for administration by a portable infusion pump or reser-
voir system) should be started promptly after preparation, and ad-
ministration should be completed within 7 days. Pharmacists
should also consider the effect of ‘‘cumulative’’ room temperature
storage on the physical-chemical stability and characteristics of the
SP. For example, an SP may be removed from the refrigerator and
allowed to equilibrate to room temperature, only to be replaced into
the refrigerator. This could happen any number of times before the
product is ultimately used by the patient. The original beyond-use
date assigned by the pharmacist could easily be invalidated under
these circumstances. A procedure should be in place that details
what is to be done when this situation occurs. Should this situation
arise, the pharmacist needs to determine what the actual stability of
the product will be, keeping in mind the cumulative effects of room
temperature storage upon the product.

The effect of ‘‘cumulative’’ room temperature storage on

the physical-chemical stability and characteristics of the

CSP has to be considered as well. For example, a CSP

may be removed from the refrigerator and allowed to equi-

librate at room temperature, only to be placed back into the

refrigerator. This could happen any number of times before

the product is ultimately administered. The original beyond-

use date assigned to the CSP could easily be invalidated un-

der these circumstances, because the required storage con-

ditions have not been met. A written procedure has to be in

place that details what is to be done when this situation oc-

curs. Should this situation arise, the actual stability of the

product has to be determined, keeping in mind the cumula-

tive effects of room temperature storage upon the product.

The drug product’s manufacturer or other credible stability ref-
erence source should be consulted, particularly for expensive bio-
technology or chemotherapeutic drugs.
Additionally, some CSPs may be subjected to elevated tempera-

ture conditions, (e.g., body temperature) for continuous or novel
drug delivery devices such as ambulatory infusion pumps, implan-
table infusion devices, and elastomeric infusion devices. Pharma-
cists should have Adequate stability reference data

has to exist
to ensure that the product’s potency characteristics are maintained
when stored at these elevated temperatures during the labeled per-
iod of time chosen. CSPs may be frozen if adequate stability evi-
dence to support freezing is available.

All light-sensitive products should be suitably protected from
light from the time of preparation until the time of use or, where
indicated, until the conclusion of administration.

.Beyond-use dates for compounded preparations are

usually assigned based on professional experience, which

should include careful interpretation of appropriate informa-

tion sources for the same or similar formulations (see Stabi-

lity Criteria and Beyond-Use Dating in the general test

chapter Pharmaceutical Compounding—Nonsterile Pre-

parations h795i). Beyond-use dates for CSPs are rarely

based on preparation-specific chemical assay results, which

are used with the Arrhenius equation to determine expira-

tion dates (see General Notices and Requirements) for man-

ufactured products. The majority of CSPs are aqueous

solutions in which hydrolysis of dissolved ingredients is

the most common chemical degradation reaction. The extent

of hydrolysis and other heat-catalyzed degradation reactions

at any particular time point in the life of a CSP represents the

thermodynamic sum of exposure temperatures and dura-

tions. Such lifetime stability exposure is represented in the

mean kinetic temperature calculation (seePharmaceutical

Calculations in Prescription Compounding h1160i). Drug

hydrolysis rates increase exponentially with arithmetic tem-

perature increase; thus, exposure of a beta-lactam antibiotic

solution for one day at controlled room temperature (see

General Notices and Requirements) will have an equivalent

effect on the extent of hydrolysis of approximately 3 to 5

days in cold temperatures (see General Notices and Re-

quirements).

Personnel who prepare, dispense, and administer CSPs

must store them strictly in accordance with the conditions

stated on the label of ingredient products and finished CSPs.

When CSPs are known to have been exposed to tempera-

tures warmer than the warmest labeled limit, but not exceed-

ing 408 (see General Notices and Requirements) for more
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than 4 hours, such CSPs should be discarded, unless appro-

priate documentation or direct assay data confirms their con-

tinued stability..4

Determining Beyond-Use Dates

Where possible, the beyond-use date should be in accordance
with allowances specified in the approved labeling. However, reli-
able, published stability information is sometimes lacking for
many types of drugs. In these instances, pharmacists should con-
sult with the drug’s manufacturer to establish a beyond-use date.
Because of compelling patient-care needs, a pharmacist may be un-
able to stay within the approved labeling and product guidelines
stated in the package insert. For example, a higher concentration
of drug may be prescribed; different diluent, container, etc., may
be necessary; or the patient may require the SP for longer periods
of time. The pharmacist should communicate the deviations from
the package insert to the manufacturer when requesting stability
information. Otherwise, the pharmacist should ensure that the man-
ufacturer’s stability information is product specific, that is, the ex-
act strength, diluent, fill volume, and container type (PVC bag,
plastic syringe, elastomeric infusion device, etc.) will be used by
the pharmacist when preparing the SP. Pharmacists should obtain a
letter from the manufacturer certifying the beyond-use dating per-
iod provided. Information provided by the manufacturer is usually
for the SP’s chemical and physical stability only and would there-
fore not be relevant to sterility assurance imparted by the pharma-
cist each time the product is made. Therefore, it is the pharmacist’s
responsibility to ensure that compounding methods are validated to
ensure final product sterility. Beyond-use dating not specifically re-
ferenced in the product’s approved labeling, or not established by
product-specific instrumental analysis, should be limited to 30
days.
To ensure consistent practices in determining and assigning be-

yond-use dates, the pharmacy should have written policies and pro-
cedures governing the determination of the beyond-use dates for all
of its compounded products. The following information may be
helpful in providing a basis for these policies and procedures.
Product-specific, experimentally determined stability data based

on sound stability evaluation protocols are preferable to published
stability information for the prediction of beyond-use dates. Phar-
macists should consult the general information chapter Pharma-
ceutical Dosage Forms h1151i for the appropriate stability
parameters to be considered when initiating or evaluating a pro-
duct-specific stability study. However, the use of professional judg-
ment based on accumulated information may also be acceptable for
determining beyond-use dates.
When attempting to predict a theoretical beyond-use date, a

compounded or an admixed product should be considered as a un-
ique system that can have physical-chemical properties and stabi-
lity characteristics that differ from its components. For example,
antioxidant, buffering, or antimicrobial properties of an SVI might
be lost upon its dilution, with the potential of seriously compromis-
ing the chemical stability of the SVI’s active ingredient or the phy-
sical or microbiological stability of the SVI formulation in general.
Thus, the properties stabilized in the SVI formulation usually can-
not be automatically expected to be carried over to the com-
pounded or admixed product.
It should be recognized that the only truly valid evidence of sta-

bility for predicting beyond-use dating is from product-specific
(appropriate bracketing is acceptable) experimental studies. Pre-
dictions based on other evidence, such as publications, charts, ta-
bles, etc., would result in theoretical beyond-use dates.
Theoretically predicted beyond-use dating introduces varying de-
grees of assumptions and hence a likelihood of error, or at least

inaccuracy. The degree of error or inaccuracy would be dependent
upon the extent of differences between the SP’s characteristics
(e.g., composition, concentration of ingredients, fill volume, con-
tainer type and material, etc.) and the characteristics of the products
from which stability data or information are to be extrapolated.
Thus, the greater the doubt of the accuracy of theoretically pre-
dicted beyond-use dating, the greater the need to determine dating
periods experimentally. Theoretically predicted beyond-use dating
periods should be seriously considered for SPs prepared from non-
sterile bulk active ingredients having therapeutic activity, espe-
cially where these SPs are expected to be compounded routinely.
Semiquantitative procedures, such as thin-layer chromatography
(TLC), may be acceptable for many SPs. However, quantitative
stability-indicating assays, such as high-performance liquid
chromatography (HPLC), would be more appropriate for certain
critical SPs. Examples include SPs with a narrow therapeutic do-
sage range or a narrow therapeutic index where close monitoring or
titering is required to ensure therapeutic effectiveness or to avoid
toxicity; where a theoretically established beyond-use dating peri-
od is supported by only marginal evidence; or where a significant
margin of safety cannot be verified for the proposed theoretical be-
yond-use dating period.
Additionally, when prepared for administration in a home care

setting, conditions to which the finished product may be subjected
during in-home use (e.g., in homes without air-conditioning in a
hot climate) should be considered on a patient-by-patient basis.
Thus, the possible need to shorten a general beyond-use date
should be considered at the time of dispensing based on the parti-
cular circumstances of the patient.
In all instances where alternate informational resources are used

to establish a beyond-use date for a drug product, the pharmacist
should ensure that those resources have undergone critical evalua-
tion in conjunction with the specific product for which a beyond-
use date is established. Beyond-use dates predicted from alternate
informational resources should be conservative and not extend be-
yond the realistic and practical patient care needs of the pharmacy.
Pharmacists should subsequently maintain a record of the specific
basis used to establish the beyond-use date for each compounded
drug product. Pharmacists should provide a written record of ex-
ceptions for products with beyond-use dates that fall outside of the
pharmacy’s established SOPs on stability and beyond-use dating.
Alternatively, the exceptional reasons for changing the product’s
beyond-use date may also be documented in the patient’s chart.

The beyond-use date is a defined period of time that starts

from the original date the parenteral admixture was made

until it is deemed unacceptable for clinical use, after which

the compounded sterile product should not be used. Where

possible, the beyond-use date should be in accordance with

the allowances specified in the approved labeling. Because

of compelling patient-care needs, the compounding clini-

cian may be unable to stay within the approved labeling

and product guidelines stated in the package insert. The be-

yond-use dates may be assigned based on criteria different

from those applied to assigning the expiration dates to man-

ufactured drug products. For example, a higher concentra-

tion of drug may be described; different diluent or
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container may be necessary; or the patient may require the

CSP for longer periods of time. In these instances, a phar-

macist must be consulted to ascertain a reasonable extension

of the product’s beyond-use life outside of the approved

package insert. In assigning a beyond-use date for a CSP,

pharmacists should use their pharmaceutical education and

experience.

The pharmacist must consult with the manufacturer to as-

sist in establishing information to assign a beyond-use date.

The pharmacist should communicate the deviations from

the package insert to the manufacturer when requesting sta-

bility information. Otherwise the pharmacist must ensure

that the manufacturers stability information is product-spe-

cific, that is, the exact strength, diluent, fill volume, and con-

tainer type (PVC bag, plastic syringe, elastomeric infusion

device, and so forth) will be used by the clinician when pre-

paring and infusing the CSP. If possible, pharmacists should

obtain a letter from the manufacturer certifying the beyond-

use dating period in cases where it differs from that in the

package insert. Information provided by the manufacturer

usually pertains to CSPs chemical and physical stability

only. Therefore, it would not be relevant to guarantee that

compounding methods are validated to ensure final product

sterility. This guarantee is then the pharmacists responsibil-

ity. Beyond-use dating not specifically referenced in the

package insert should not exceed 30 days.

.When CSPs deviate from conditions in the approved la-

beling of manufactured products contained in CSPs, com-

pounding personnel may consult the manufacturer of

particular products for advice on assigning beyond-use

dates based on chemical and physical stability parameters.

Beyond-use dates for CSPs that are prepared strictly in ac-

cordance with manufacturers’ product labeling must be

those specified in that labeling, or from appropriate litera-

ture sources or direct testing. Beyond-use dates for CSPs

that lack justification from either appropriate literature

sources or by direct testing evidence must be assigned as

described in the section Stability Criteria and Beyond-Use

Dating in the general test chapter Pharmaceutical Com-

pounding—Nonsterile Preparations h795i.

In addition, the pharmacist may refer to applicable publi-

cations to obtain relevant stability, compatibility, and degra-

dation information regarding the drug or its congeners.

When assigning a beyond-use date, pharmacists should con-

sult and apply drug-specific and general stability documen-

tation and literature where available, and they should

consider the nature of drug and its degradation mechanism,

the container in which it is packaged, the expected storage

conditions, and the intended duration of therapy (see Ex-

piration Date and Beyond-Use Date under Labeling in the

General Notices and Requirements). Stability information

must be carefully interpreted in relation to the actual com-

pounded formulation and conditions for storage and use.

Predictions based on other evidence, such as publications,

charts, tables, and so forth would result in theoretical be-

yond-use dates. Theoretically predicted beyond-use dating

introduces varying degrees of assumptions, and hence a

likelihood of error or at least inaccuracy. The degree of error

or inaccuracy would be dependent on the extent of differ-

ences between the CSP’s characteristics (such as composi-

tion, concentration of ingredients, fill volume, or container

type and material) and the characteristics of the products

from which stability data or information are to be extrapo-

lated. The greater the doubt of the accuracy of theoretically

predicted beyond-use dating, the greater the need to deter-

mine dating periods experimentally. Theoretically predicted

beyond-use dating periods should be carefully considered

for CSPs prepared from nonsterile bulk active ingredients

having therapeutic activity, especially where these CSPs

are expected to be compounded routinely. Beyond-use dates
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should be conservatively assigned, and where such dating is

not established by the product-specific instrumental analy-

sis, limited to 30 days. However, when prepared for admin-

istration in a home-care setting, conditions to which the

finished product may be subjected during in-home use (for

instance, in homes without air-conditioning in a hot climate)

should be considered on a patient-by-patient basis. Thus, the

possible need to shorten a general beyond-use date should

be considered at the time of dispensing based on the parti-

cular circumstances of the patient. When CSPs will be dis-

tributed to and administered in residential locations other

than health care facilities, the effect of potentially uncon-

trolled and unmonitored temperature conditions must be

considered when assigning beyond-use dates. It must be as-

certained that CSPs will not be exposed to warm tempera-

tures (see General Notices and Requirements) unless the

compounding facility has evidence to justify stability of

CSPs during such exposure.

It should be recognized that the truly valid evidence of

stability for predicting beyond-use dating can be obtained

only through product-specific experimental studies. Semi-

quantitative procedures, such as thin-layer chromatography

(TLC), may be acceptable for many CSPs. However, quan-

titative stability-indicating assays, such as high performance

liquid chromatographic (HPLC) assays, would be more ap-

propriate for certain CSPs. Examples include CSPs with a

narrow therapeutic index, where close monitoring or dose

titration is required to ensure therapeutic effectiveness and

to avoid toxicity; where a theoretically established beyond-

use dating period is supported by only marginal evidence; or

where a significant margin of safety cannot be verified for

the proposed beyond-use dating period. In short, because

beyond-use dating periods established from product-speci-

fic data acquired from the appropriate instrumental analyses

are clearly more reliable than those predicted theoretically,

the former approach is strongly urged to support dating per-

iods exceeding 30 days.

To ensure consistent practices in determining and assign-

ing beyond-use dates, the pharmacy should have written po-

licies and procedures governing the determination of the

beyond-use dates for all compounded products. When at-

tempting to predict a theoretical beyond-use date, a com-

pounded or an admixed product should be considered as a

unique system that has physical and chemical properties and

stability characteristics that differ from its components. For

example, antioxidant, buffering, or antimicrobial properties

of a sterile vial for injection (SVI) might be lost upon its di-

lution, with the potential of seriously compromising the

chemical stability of the SVIs active ingredient or the phy-

sical or microbiological stability of the SVI formulation in

general. Thus, the properties stabilized in the SVI formula-

tion usually cannot be expected to be carried over to the

compounded or admixed product. Product-specific, experi-

mentally determined stability data evaluation protocols are

preferable to published stability information. Pharmacists

should consult the general information chapter Stability un-

der Pharmaceutical Dosage Forms h1151i for the appropri-

ate stability parameters to be considered when initiating or

evaluating a product-specific stability study.

In all instances where alternate informational resources

are used to establish a beyond-use date for a CSP (defined

in consultation with the manufacturer, in view of the theore-

tical predications, or from product-specific instrumental

analysis), the pharmacist must ensure that those references

have been critically evaluated for the specific CSP for which

the a beyond-use date is established. Pharmacists should

subsequently maintain a record of the specific basis used

to establish the beyond-use date for each CSP that deviates

from the approved package insert. Pharmacists should pro-
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vide a written record of exceptions for products with be-

yond-use dates that fall outside of the established SOPs on

stability and beyond-use dating. Alternatively, the excep-

tional reasons for changing the products beyond-use date

may also be thoroughly documented in the patients chart.-

Compounding personnel who assign beyond-use dates to

CSPs when lacking direct chemical assay results must criti-

cally interpret and evaluate the most appropriate available

information sources to decide a conservative and safe be-

yond-use date. The standard operating procedures manual

of the compounding facility and each specific CSP formula

record must describe the general basis used to assign the be-

yond-use date and storage conditions.

If multiple-dose parenteral medication vials (MDVs) are

used, refrigerate the MDVs after they are opened unless

otherwise specified by the manufacturer. Discard the MDVs

when empty, when suspected or visible contamination oc-

curs, or when the manufacturer’s stated expiration date is

reached, provided the manufacturers storage conditions

have been adhered to. Expiration dating not specifically re-

ferenced in the package insert should not exceed 30 days

once the vial has been opened..4

Monitoring Controlled Storage Areas

To ensure that product potency is retained through the manufac-
turer’s labeled expiration date, pharmacists must monitor the drug
storage areas within the pharmacy. Controlled temperature storage
areas in the pharmacy (refrigerators, 28 to 88; freezers, –208 to –
108; and incubators, 308 to 358; etc.) should be monitored at least
once daily and the results documented on a temperature log. Ad-
ditionally, pharmacy personnel should note the storage temperature
when placing the product into or removing the product from the
storage unit in order to monitor any temperature aberrations. Suit-
able temperature recording devices may include a calibrated con-
tinuous recording device or an NBS calibrated thermometer that
has adequate accuracy and sensitivity for the intended purpose
and should be properly calibrated at suitable intervals. If the phar-
macy uses a continuous temperature recording device, pharmacy
personnel should verify at least once daily that the recording device
itself is functioning properly.
The temperature sensing mechanisms should be suitably placed

in the controlled temperature storage space to reflect accurately its
true temperature. In addition, the pharmacy should adhere to ap-
propriate procedures of all controlled storage spaces to ensure that

such spaces are not subject to significantly prolonged temperature
fluctuations as may occur, for example, by leaving a refrigerator
door open too long.

Change to read:

MAINTAINING PRODUCT QUALITY AND
CONTROL AFTER IT

.THE CSP.4
LEAVES THE PHARMACY

.Sterile Preparations for Institutional Use

This section pertains to the responsibilities of the phar-

macy for maintaining product quality and control after the

CSP leaves the pharmacy for distribution and use within the

organized health care system to which the pharmacy be-

longs. The pharmacy is responsible for the quality of all

CSPs prepared by or dispensed from the pharmacy, through-

out the life cycle of the CSP, regardless of where the CSP

exists physically within the organized health care system.

In fulfilling this general responsibility, the pharmacy is re-

sponsible for the proper packaging, handling, transport, and

storage of CSPs prepared by or dispensed from it, including

the appropriate education, training, and supervision of phar-

macy personnel assigned to these functions. The pharmacy

should assist in the education and training of nonpharmacy

personnel responsible for carrying out any aspect of these

functions.

Establishing, maintaining, and assuring compliance with

comprehensive written policies and procedures encompass-

ing these responsibilities is a further responsibility of the

pharmacy. Where nonpharmacy personnel are assigned

tasks involving any of these responsibilities, the policies

and procedures encompassing those tasks should be devel-

oped by the pharmacy in consultation with other institu-

tional departments as appropriate. Activities or concerns

that should be addressed as the pharmacy fulfills these re-

sponsibilities are as follows.
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VALIDATION OF AUTOMATED COMPOUNDING

DEVICES FOR PARENTERAL NUTRITION COMPOUND-

ING

Automated compounding devices (ACDs) for the prepa-

ration of parenteral nutrition admixtures are widely used by

pharmacists in hospitals and other health care settings. They

are designed to streamline the labor-intensive processes in-

volved in the compounding of these multiple-component

formulations by automatically delivering the individual nu-

tritional components in a predetermined sequence under

computerized control. Parenteral nutrition admixtures often

contain 20 or more individual additives representing as

many as 50 or more individual components (for example,

15 to 20 crystalline amino acids, dextrose monohydrate,

and lipids; 10 to 12 electrolyte salts; 5 to 7 trace minerals;

and 12 vitamins). Thus, the ACDs can improve the accuracy

and precision of the compounding process compared to the

traditional, manual compounding methods. Pharmacists

should consult the general information chapter Validation

of Compendial Methods h1225i for validation parameters

to be considered when evaluating an ACD.

Accuracy—The accuracy of an ACD can be determined

in various ways to ensure the correct quantities of nutrients,

electrolytes, or other nutritional components are delivered to

the final infusion container. Initially, the ACD is tested for

its volume and weight accuracy. For volume accuracy, a

suitable volume of Sterile Water for Injection, which repre-

sents a typical additive volume (e.g., 40 mL for small-vol-

ume range of 1 to 100 mL; or 300 mL for large-volume

range of 100 to 1000 mL), is programmed into the ACD

and delivered to the appropriate volumetric container. The

pharmacist then consults Volumetric Apparatus h31i for ap-

propriate parameters to assess the volumetric performance

of the ACD. For gravimetric accuracy, the balance used in

conjunction with the ACD is tested using various weight

sizes that represent the amounts typically used to deliver

the various additives. The pharmacist consults Weights

and Balances h41i for acceptable tolerances of the weights

used. In addition, the same volume of Sterile Water for In-

jection used to assess volumetric accuracy is then weighed

on the balance used in conjunction with the ACD. For ex-

ample, if 40 mL of water was used in the volumetric assess-

ment, its corresponding weight should be about 40 g

(assuming the relative density of water is 1.0). In addition,

during the use of the ACD, certain additives, such as potas-

sium chloride (corrected for density differences) can also be

tested in the same manner as an in-process test.

Finally, additional tests of accuracy may be employed that

determine the content of certain ingredients in the final vol-

ume of the parenteral nutrition admixture. Generally, phar-

macy departments do not have the capability to routinely

perform chemical analyses such as analyses of dextrose or

electrolyte concentrations. Consequently, hospital or institu-

tional laboratories may be called upon to perform these

quality assurance tests. However, the methods in such la-

boratories are often designed for biological, not pharmaceu-

tical, systems. Thus, their testing procedures must be

validated to meet the USP requirements stated in the indivi-

dual monograph for the component being tested. For exam-

ple, under Dextrose Injection, the following is stated: It

contains not less than 95.0 percent and not more than

105.0 percent of the labeled amount of C6H12O6 �H2O.

The hospital or institutional chemistry laboratories have to

validate their methods to apply to this range and correct for

their typical measurement of anhydrous dextrose versus

dextrose monohydrate. Similar ranges and issues exist, for

example, for injections of calcium gluconate, magnesium

sulfate, potassium chloride, and so forth. The critical point

is the use of USP references and the possible laboratory pro-

cedural differences.
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Precision—The intermediate precision of the ACD can be

determined on the basis of the day-to-day variations in per-

formance of the accuracy measures. Thus, the pharmacist

has to keep a daily record of the above-described accuracy

assessments and review the results over time. This review

has to occur at least at weekly intervals to avoid potentially

clinically significant cumulative errors over time. This is

especially true for additives with a narrow therapeutic index,

such as potassium chloride.

PACKAGING, HANDLING, AND TRANSPORT

Inappropriate processes or techniques involved with

packaging, handling, and transport can adversely affect pro-

duct quality and package integrity. While pharmacy person-

nel routinely perform many of the tasks associated with

these functions, some tasks, such as transport, handling,

and placement into storage, may be fulfilled by nonphar-

macy personnel who are not under the direct administrative

control of the pharmacy. Under these circumstances, appro-

priate written policies and procedures are established by the

pharmacy with the involvement of other departments or ser-

vices whose personnel are responsible for carrying out those

CSP-related functions for which the pharmacy has a direct

interest. The performance of the nonpharmacy personnel is

monitored for compliance to established policies and proce-

dures.

The critical requirements that are unique to CSPs and that

are necessary to ensure product quality and packaging integ-

rity must be addressed in written procedures. For example,

techniques should be specified to prevent the depression of

syringe plungers or dislodging of syringe tips during hand-

ling and transport. Additionally, disconnection of system

components (for example, where CSPs are dispensed with

administration sets attached to them) must be prevented

throughout the life cycle of the product. Foam padding or

inserts are particularly useful where CSPs are transported

by pneumatic tube systems. Regardless of the methods used,

the pharmacy has to evaluate their effectiveness and the re-

liability of the intended protection. Evaluation should be

continuous, for example, through a surveillance system, in-

cluding a system of problem reporting to the pharmacy.

Inappropriate transport and handling can adversely affect

the quality of certain CSPs having unique stability concerns.

For example, the physical shaking that might occur during

pneumatic tube transport, or undue exposure to heat or light,

have to be addressed on a product-specific basis. Alternate

transport modes or special packaging measures might be

needed for the proper assurance of quality of these CSPs.

The use of tamper-proof closures and seals on CSP ports

can add an additional measure of security to ensure product

integrity regardless of transport method used.

Chemotoxic and other hazardous CSPs require safeguards

to maintain the integrity of the CSP and to minimize the ex-

posure potential of these products to the environment and to

personnel who may come in contact with them. Special re-

quirements associated with the packaging, transport, and

handling of these agents include the prevention of accidental

exposures or spills and the training of personnel in the event

of an exposure or spill. Examples of special requirements of

these agents also include exposure-reducing strategies such

as the use of Luer lock syringes and connections, syringe

caps, the capping of container ports, sealed plastic bags, im-

pact-resistant containers, and cautionary labeling. Appropri-

ate cushioning for pneumatic tube transport should be

selected and evaluated to ensure that the products so con-

veyed can withstand the stresses induced by the system.

Pneumatic transport of nonevaluated packaging alternatives

should be avoided. Additional references should be con-

sulted as necessary for further information on handling che-

motoxic and other hazardous drugs.
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USE AND STORAGE

The pharmacy is responsible for ensuring that CSPs in the

patient-care setting maintain their quality until adminis-

tered. The immediate labeling of the CSP container will dis-

play prominently and understandably the requirements for

proper storage and expiration dating. Delivery and patient-

care-setting personnel must be properly trained to deliver

the CSP to the appropriate storage location. Outdated and

unused CSPs must be returned to the pharmacy for disposal

or possible reuse.

Written procedures have to exist to ensure that storage

conditions in the patient-care setting are suitable for the

CSP-specific storage requirements. Procedures include dai-

ly monitoring and documentation of drug storage refrigera-

tors to ensure temperatures between 28 and 88 and the

monthly inspection of all drug storage locations by phar-

macy personnel. Inspections must confirm compliance with

appropriate storage conditions, separation of drugs and

food, proper use of multiple-dose containers, and the avoid-

ance of using single-dose products as multiple-dose con-

tainers. CSPs, as well as all other drug products, must be

stored in the patient-care area in such a way as to secure

them from unauthorized personnel, visitors, and patients.

ADMINISTRATION

Procedures essential for generally ensuring product qual-

ity, especially sterility assurance, when readying a CSP for

its subsequent administration include proper hand-washing,

aseptic technique, site care, and change of administration

sets. Additional procedures may also be essential for certain

products, devices, or techniques. Examples where such spe-

cial procedures are needed include in-line filtration, the op-

eration of automated infusion control devices, and the

replenishment of drug products into the reservoirs of im-

plantable or portable infusion pumps.

REDISPENSED CSPS

The pharmacy must have the sole authority for determin-

ing whether a CSP not administered as originally intended

can be used for an alternate patient or under alternate con-

ditions. All CSPs that are not used as originally intended

must be returned to the pharmacy for appropriate disposi-

tion, which may include redispensing, but only if adequate

continuing quality can be fully ensured. The following may

provide such assurance: the CSP was maintained under con-

tinuous refrigeration and protected from light, if required;

no evidence of tampering or any readying for use outside

the pharmacy exists; and there is sufficient time remaining

until the originally assigned beyond-use time and date will

be reached. Thus, initial preparation and thaw times should

be documented and reliable measures should have been ta-

ken to prevent and detect tampering. Compliance with all

procedures associated with maintaining product quality is

essential. The CSP must not be redispensed if there is not

adequate assurance that product quality and packaging in-

tegrity (including the connections of devices, where appli-

cable) were continuously maintained between the time the

CSP left and the time that it was returned to the pharmacy.

Additionally, CSPs must not be redispensed if redispensing

cannot be supported by the originally assigned beyond-use

time.

EDUCATION AND TRAINING

The assurance of CSP quality and packaging integrity is

highly dependent upon the proper adherence of all person-

nel to the pertinent written procedures. The pharmacy must

design, implement, and maintain a formal education, train-

ing, and competency assessment program that encompasses

all the functions and tasks addressed in the foregoing sec-

tions and all personnel to whom such functions and tasks

are assigned. This program includes the assessment and
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documentation of procedural breaches, administration mis-

haps, side effects, allergic reactions, and complications as-

sociated with dosage or adminis t ra t ion, such as

extravasation. This program should be coordinated with

the institution’s adverse-event and incident reporting pro-

grams..4

OFF SITE COMPOUNDING PHARMACIES

When the SP is prepared in a licensed compounding pharmacy
separate from the pharmacy at the use site in an organized, profes-
sionally staffed health care facility, the off-site compounding phar-
macy must meet all of the requirements for quality assurance for
compounding SPs cited in this chapter under Pharmacy Practices.
The receiving pharmacy in the health care facility is responsible for
ensuring that the off-site compounding pharmacy meets all of the
quality requirements for the preparation of SPs cited in this chapter
before the off-site compounding pharmacy’s services are engaged
and through periodic evaluations. The receiving pharmacy at the
health care facility is also responsible for all aspects of proper stor-
age, distribution, handling, and use of the finished SPs cited under
Pharmacy Practices and Institutional-Use Sterile Drug Products
after the products are received in the health care facility. If there
is no pharmacy in the receiving health care facility, then the off-site
compounding pharmacy assumes all responsibility for proper stor-
age, distribution, handling, and use of the finished SPs. The follow-
ing guidelines are provided to ensure product quality and control
after the SPs leave the compounding pharmacy during transit to the
receiving pharmacy in the health care facility.

NONINSTITUTIONAL COMPOUNDING PHARMACIES

Noninstitutional compounding pharmacies (NICPs) that

prepare CSPs must meet all of the requirements for quality

assurance for compounding CSPs cited under Responsibility

of Compounding Personnel. The NICP is responsible for

meeting all of the quality requirements for the preparation

of CSPs and all the requirements for proper storage, distri-

bution, handling, and use of the CSPs. The following guide-

lines are provided to ensure product quality and control after

the CSPs leave the NICP and are in transit to the patient.

PACKING

Both the off-site compounding pharmacy and the phar-

macy at the health care facility are equally responsible for

ensuring that the SPs are suitably packed for transport. If

there is no pharmacy at the health care facility, then the

off-site compounding pharmacy assumes all responsibility

for suitable packing.

The NICP is responsible for ensuring that the CSPs are

suitably packed for transport. Packing should provide ade-

quate control of the conditions under which CSPs are trans-

ported to the patient. Packing specifications, including

configuration and materials, should be appropriate, as deter-

mined on a product-by-product basis, to maintain the stor-

age conditions necessary to protect against adverse physical

conditions such as temperatures beyond the range allowable

for the CSP and, where indicated, exposure to light. Packing

should retain adequate effectiveness for the duration of, and

under the environmental conditions expected during, transit.

In-transit temperatures of a CSP should be maintained

near the midpoint of the CSPs specified upper and lower

limits, recognizing that some temperature excursions, not

to exceed the product’s specified limits, are permissible dur-

ing transit. Under no circumstances may excursions exceed

the limits specified under Storage Temperatures in the Gen-

eral Notices and Requirements for the defined temperature

conditions.

The NICP should have written procedures that specify

packing techniques, configurations, and materials for

groups of products with common storage characteristics

and for specific products where unique storage conditions

are required to retain adequate stability and product quality.

The written procedures should be appropriate for each trans-

portation mode and duration of transit and may include dif-

ferent requirements for health care facilities with differing

locations. Additional precautions should be used to protect

the shipper and recipients from the adverse effects from any

leakage of sensitizing, chemotoxic, or hazardous agents.

Although the procedures should also ensure that biohazard

controls are adequate for transit conditions and for meeting
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all OSHA and local requirements, this topic is beyond the

scope of the chapter, and other references should be con-

sulted.

The patient should have written procedures that specify

the expected packing techniques, configurations, and mate-

rials for the products obtained from an NICP. The proce-

dures should specify the required packing for groups of

products with common storage characteristics and for speci-

fic products where unique storage conditions are required to

retain adequate stability and product quality. The required

packing should be adequate to protect the shipper and the

patient from the adverse effects from any leakage of sensi-

tizing, chemotoxic, or hazardous agents.

The NICP should ensure that transit specifications and

procedures are effective. For example, posttransit determi-

nations of internal pack temperatures following several trial

shipments of goods packed with new or modified materials,

configurations, or techniques provide an indicator of pack-

ing suitability under actual transit conditions. Following the

initial determination of packing suitability to each use, oc-

casional shipments should be subsequently checked, espe-

cially whenever transit conditions vary, such as in

seasonal temperature changes or transit times. This would

even include relatively brief transport because temperatures

in vehicles can easily rise out of the range of acceptability

during summer months. Because different packing config-

urations, pack size, internal packing matrices (such as, insu-

lated coolers or containers, styrofoam, bubble wrap, and

freezer packs) and pack thickness differ in their resistance

to heat penetration or loss, packing should not vary from es-

tablished procedures and specifications without evaluation.

TRANSIT

Whenever possible, the NICP and the receiving pharmacy

at the health care facility should control the mode of transit,

transit time, and transit conditions to ensure that at no time

are the limits specified under Storage Temperatures in the

General Notices and Requirements for the defined tempera-

ture conditions exceeded. In some situations, neither phar-

macy may have complete control over the transit time and

conditions. However, both the NICP and the receiving phar-

macy in the health care facility can establish reasonable ex-

pectations of transit time and conditions and can carry out

procedures to ensure that expectations are routinely met.

The determination of packing suitability is based on these

expectations. Where possible, delivery personnel should

be trained by the pharmacist on how to transport CSPs.

When common carriers are utilized, the NICP and the re-

ceiving pharmacy are jointly responsible for choosing a re-

liable carrier capable of consistently fulfilling the

requirements for delivery schedules, transit time duration,

handling, care, external temperature controls, and special

handling that may be required. The carrier should be pro-

vided with a written statement of shipping requirements

and the carrier should provide written assurance of capabil-

ity and commitment to fulfilling these requirements before

the carrier’s services are engaged.

Delivery personnel, whether pharmacy employees, em-

ployees of a parent organization, or a common carrier,

should know the shipping requirements of each package

consigned. Printed labels, prominently displayed on the ex-

terior of each package, are usually sufficient. Supplementary

printed instructions may be necessary in some instances.

Both the NICP and the receiving pharmacy in the health

care facility should have effective systems for the routine

evaluation of shipping performance. For example, each

pharmacy might periodically review delivery receiving

times or conduct periodic shipping follow-ups. Delivery
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time, internal temperature (temperature indicators such as

strips or probes inside packages provide objective evidence

for determining the adequacy of temperature control), con-

dition of goods upon receipt, and courteousness of person-

nel are some key determinants of acceptable shipping

performance.

Home-Use Sterile Preparations

When the CSP is prepared in and dispensed from a li-

censed pharmacy for intended administration by the patient

or by a family member or other caregiver in a setting other

than an organized, professionally staffed health care facility,

and is not under the direct supervision of the dispensing

pharmacist, the following guidelines are provided to ensure

product quality and control after it leaves the pharmacy.

PACKING

The pharmacy is responsible for ensuring that the SPs

CSPs
are suitably packed for transport. Packing should provide adequate
control of the conditions under which SPs

CSPs
are transported to the patient. Packing specifications, including
configuration and materials, should be appropriate, as determined
on a product-by-product basis, to maintain the storage conditions
necessary to protect the product against adverse physical condi-
tions, such as temperatures beyond the range allowable for the SP

CSP
and, where indicated, exposure to light. Packing should retain ade-
quate effectiveness for the duration of, and under the environmen-
tal conditions expected during, transit.
In-transit temperatures of SPs

CSPs
should be maintained near the midpoint of the SPs

CSPs
specified upper and lower limits, recognizing that some tempera-
ture excursion, not to exceed the product’s specified limits, is per-
missible during transit. Under no circumstances may excursions
exceed the limits specified in the General Notices and Require-
ments under Storage Temperatures for the defined temperature
conditions.
The pharmacy should have and follow written procedures that

specify packing techniques, configurations, and materials for
groups of products with common storage characteristics and for
specific products where unique storage conditions are required to
retain adequate stability and product quality. It must be recognized
that additional precautions should be used to protect the shipper,

patient, and caregiver from adverse effects from any leakage of
sensitizing or chemotoxic agents. Although written procedures
should also ensure that biohazard controls are adequate for transit
conditions and for meeting all OSHA and local requirements, this
topic is beyond the scope of this chapter, and other references
should be consulted.
The pharmacy should ensure that transit specifications and pro-

cedures are effective. For example, post-transit determinations of
internal pack temperatures following several trial shipments of
goods packed with new or modified materials, configurations, or
techniques provide an indicator of packing suitability under actual
transit conditions. Following the initial determination of packing
suitability, occasional shipments should be subsequently checked,
especially whenever transit conditions vary, such as from seasonal
temperature changes or transit times. Because different packing
configurations, pack size, internal packing matrices (insulated
coolers or containers, styrofoam, bubble wrap, freezer packs,
etc.), and pack thickness differ in their resistance to heat penetra-
tion or loss, packing should not vary from established procedures
and specifications without evaluation.

TRANSIT

Unlike the selection of the adherence to packing specifications,
the pharmacy may lack complete control over transit time and con-
ditions. However, the pharmacy can establish reasonable expecta-
tions of transit time and conditions and can carry out procedures to
ensure that expectations are usually met. The determination of
packing suitability is based on these expectations. Where possible,
delivery personnel should be trained by the pharmacist on how to
transport SPs.

CSPs.
When common carriers are utilized, the pharmacy is responsible

for choosing a reliable carrier capable of consistently fulfilling the
pharmacy’s requirements for delivery schedules, transit time dura-
tion, handling, care, external temperature controls, and special
handling that may be required. The pharmacy should provide the
carrier with a written statement of shipping requirements and
should obtain from the carrier an assurance of capability and com-
mitment for fulfilling these requirements before the pharmacy en-
gages the carrier’s services.
Delivery personnel, whether employees of the pharmacy, the

parent organization, or the common carrier, should know the ship-
ping requirements of each package consigned. Printed labels, pro-
minently displayed on the exterior of each package, are usually
sufficient. Supplementary printed instructions may be necessary
in some instances.
The pharmacy should have an effective system for the routine

evaluation of shipping performance. For example, the pharmacy
might periodically review delivery receipts or conduct periodic
shipment follow-ups by telephoning patients or caregivers. Deliv-
ery time, internal temperature (temperature indicators such as strips
or probes inside packages provide objective evidence for determin-
ing the adequacy of temperature control), condition of goods upon
receipt, and courteousness of personnel are some key determinants
of acceptable shipping performance.

IN THE HOME

The pharmacys basic responsibilities for ensuring that SPs

CSPs
in the home maintain their quality until administered include the
following:
(1) The immediate labeling of the SP
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CSP
container displays prominently and understandably the re-
quirements for proper storage and beyond-use dating.

(2) Adequate information is obtained to assure the pharmacist that
the storage conditions existing in the home are suitable for the
SP’s

CSP’s
specified storage requirements. (It is acceptable for the phar-
macist to obtain this information through documentation by
nursing or delivery personnel.)

(3) The patient has an acceptable temperature measurement de-
vice in the refrigerator and understands the importance of
its use for maintaining proper storage temperature.

(4) Written information, in addition to the immediate labeling,
should be issued explaining proper storage, interpretation of
the beyond-use dating, and how to look for signs of unsuit-
ability for use.

The patient or caregiver should be informed of the need to notify
the pharmacy promptly of any actual or suspected malfunction of
the refrigerator, freezer, or temperature measurement device. The
pharmacy should assist patients or caregivers as necessary to en-
sure that proper storage conditions for SPs

CSPs
are maintained with little or no interruption.
The pharmacy is responsible for ensuring that the home is vis-

ited or the patient is contacted by other means at regular intervals to
confirm compliance with appropriate drug storage conditions,
cleanliness, separation of food and drug items, avoidance of impro-
per re-use of multiple dose containers or supplies such as tubing or
syringes, avoidance of the use of single-dose products as multiple-
dose containers, and product inventory as indicative of product
usage compliance. Inappropriately stored, exteriorly soiled, ex-
pired, or visibly defective drug products should be removed from
the patient’s possession, using the opportunity to instruct the pa-
tient or caregiver or to reinforce storage and handling responsibil-
ities. Similarly, the home visit should also assess compliance with
waste containment and disposal. The pharmacy may entrust the
home visit to another health professional or paraprofessional.

.Packing and Transporting CSPs

The following sections on Packing CSPs for Transit and

Transit of CSPs describe how to maintain sterility and sta-

bility of CSPs until they are delivered to patient care loca-

tions for administration.

PACKING CSPS FOR TRANSIT

When CSPs are distributed to locations outside the pre-

mises in which they are compounded, compounding person-

nel select packing containers and materials that are expected

to maintain physical integrity, sterility, and stability of CSPs

during transit. Packing is selected that simultaneously pro-

tects CSPs from damage, leakage, contamination, and de-

gradation; and protects personnel who transport packed

CSPs from harm. The standard operating procedures manual

of the compounding facility specifically describes appropri-

ate packing containers and insulating and stuffing materials,

based on information from product specifications, vendors,

and experience of compounding personnel. Written instruc-

tions that clearly explain how to safely open containers of

packed CSPs are provided to patients and other recipients.

TRANSIT OF CSPS

Compounding facilities that ship CSPs to locations out-

side their own premises must select modes of transport that

are expected to deliver properly packed CSPs in unda-

maged, sterile, and stable condition to recipients.

Compounding personnel should ascertain that tempera-

tures of CSPs during transit by the selected mode will not

exceed the warmest temperature specified on the storage

temperature range on CSPs labels. It is recommended that

compounding personnel communicate directly with the

couriers to learn shipping durations and exposure conditions

that CSPs may encounter.

Compounding personnel must include specific handling

and exposure instructions on the exteriors of containers

packed with CSPs to be transported and obtain reasonable

assurance of compliance therewith from transporters. Com-

pounding personnel must periodically review the delivery

performance of couriers to ascertain that CSPs are being ef-

ficiently and properly transported.

STORAGE IN LOCATIONS OUTSIDE CSP FACILITIES

Compounding facilities that ship CSPs to patients and

other recipients outside their own premises must ascertain

or provide, whichever is the appropriate case, the following

assurances:
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1. Labels and accessory labeling for CSPs include clearly

readable beyond-use dates, storage instructions, and

disposal instructions for out-of-date units.

2. Each patient or other recipient is able to store the CSPs

properly, including the use of a properly functioning re-

frigerator and freezer if CSPs are labeled for such stor-

age..4

Change to read:

PATIENT OR CAREGIVER TRAINING

A formal training program should be

.is.4
provided as a means to ensure understanding and compliance with
the many special and complex responsibilities placed upon the pa-
tient or caregiver for the storage, handling, and administration of
SPs.

.CSPs..4
The instructional objectives for the training program should in-
clude

.includes.4
all home care responsibilities expected of the patient or caregiver
and should be

.is.4
specified in terms of patient or caregiver competencies.
Upon the conclusion of the training program, the patient or care-

giver should, correctly and consistently, be able to do the follow-
ing:
(1) Describe the therapy involved, including the disease or con-

dition for which the SP

.CSP.4
is prescribed, goals of therapy, expected therapeutic outcome,
and potential side effects of the SP.

.CSP..4
(2) Inspect all drug products, devices, equipment, and supplies on

receipt to ensure that proper temperatures were maintained
during transport and that goods received show no evidence
of deterioration or defects.

(3) Handle, store, and monitor all drug products and related sup-
plies and equipment in the home, including all special require-
ments related to same.

(4) Visually inspect all drug products, devices, and other items
the patient or caregiver is required to use immediately prior
to administration in a manner to ensure that all items are ac-
ceptable for use. For example, SPs should

.CSPs must.4
be free from leakage, container cracks, particulates, precipi-
tate, haziness, discoloration, or other deviations from the nor-
mal expected appearance, and the immediate packages of
sterile devices should be

.must be.4
completely sealed with no evidence of loss of package integ-
rity.

(5) Check labels immediately prior to administration to ensure
the right drug, dose, patient, and time of administration.

(6) Clean the in-home preparation area, scrub hands, use proper
aseptic technique, and manipulate all containers, equipment,
apparatus, devices, and supplies used in conjunction with ad-
ministration.

(7) Employ all techniques and precautions associated with SP

.CSP.4
administration, for example, preparing supplies and equip-
ment, handling of devices, priming the tubing, and disconti-
nuing an infusion.

(8) Care for catheters, change dressings, and maintain site pa-
tency as indicated.

(9) Monitor for and detect occurrences of therapeutic complica-
tions such as infection, phlebitis, electrolyte imbalance, and
catheter misplacement.

(10) Respond immediately to emergency or critical situations such
as catheter breakage or displacement, tubing disconnection,
clot formation, flow blockage, and equipment malfunction.

(11) Know when to seek and how to obtain professional emer-
gency services or professional advice.

(12) Handle, contain, and dispose of wastes, such as needles, syr-
inges, devices, biohazardous spills or residuals, and infectious
substances.

Training programs should include

.include a.4
hands-on demonstration and practice with actual items that the pa-
tient or caregiver is expected to use, such as SP

.CSP.4
containers, devices, and equipment. The patient or caregiver
should practice

.practices.4
aseptic and injection technique under the direct observation of a
health professional.
The pharmacy, in conjunction with nursing or medical person-

nel, is responsible for ensuring initially and on an ongoing basis
that the patient or caregiver understands, has mastered, and is cap-
able of and willing to comply with all of these home care respon-
sibilities. This should be

.is.4
achieved through a formal, written assessment program. All speci-
fied competencies in the patient or caregiver’s training program
should be

.are.4
formally assessed. The patient or caregiver should be

.is.4
expected to demonstrate to appropriate health care personnel their
mastery of their assigned activities before being allowed to admin-
ister SPs

.CSPs.4
unsupervised by a health professional.
Printed material such as checklists or instructions provided dur-

ing training may serve as continuing post-training reinforcement of
learning or as reminders of specific patient or caregiver responsi-
bilities. Post-training verbal counseling should

.can.4
also be used periodically, as appropriate, to reinforce training and
to ensure continuing correct and complete fulfillment of responsi-
bilities.
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Delete the following:

.PATIENT MONITORING AND COMPLAINT
SYSTEM

The pharmacy must have written policies and procedures de-
scribing the monitoring of patients using SPs

CSPs
and the handling of reports of adverse events.

Outcome Monitoring

The pharmacy is responsible for developing a patient monitoring
plan, which includes written outcome measures and systems for
routine patient assessment. The outcome monitoring system should
provide information suitable for the evaluation of the quality of pa-
tient care and of pharmaceutical services. Examples of assessment
parameters include infection rates, rehospitalization rates, inci-
dence of adverse drug reactions, catheter complications, and other
variables that may serve as meaningful indicators of the effective-
ness and suitability of the home use of SPs.

CSPs
In selecting suitable outcome measures, the focus should be on
high-risk, high-volume, or problem-prone factors.

Reports

The pharmacy should have policies and procedures for the re-
ceipt, documentation, handling, and disposition of reports of pa-
tient problems, complaints, adverse drug reactions, drug product
or device defects, and other adverse events reported by patients,
caregivers, family members, pharmacists, or other health profes-
sionals. The pharmacy should have a procedure to ensure that
the patient receives prompt and appropriate medical attention as
necessary in response to all adverse incidents from SPs

CSPs
or devices. When a complaint or problem prompts a suspicion that
an SP

a CSP
or a device may be defective, the pharmacy should also be able to
identify and recall the potentially defective item to the patient level
whenever appropriate.
Procedures should also include a mechanism for periodic review

of reports received to determine any need for correction of under-
lying systems problems. All reports received should be maintained
for a reasonable period of time in a log, file, or binder dedicated for
this purpose and readily retrievable as needed for subsequent ana-
lysis, legal or regulatory inquiry, or quality assurance audit. Stan-
dardized forms or formats for the reporting and recording of
incidents, complaints, and so forth should be used. Reports should
be completed and signed by the individual receiving it or by the
individual involved in the situation. Procedures should depict the
classification, documentation, investigation, and resolution of all
reports and should provide a mechanism for participation in var-
ious federal and state reporting programs such as USP or FDA pro-
grams for reporting reaction problems, or defects with drug
products or medical devices..4

Add the following:

.PATIENT MONITORING AND ADVERSE
EVENTS REPORTING

Compounding facilities must clinically monitor patients

treated with CSPs according to the regulations and guide-

lines of their respective state health care practitioner licen-

sure boards or of accepted standards of practice.

Compounding facilities must provide patients and other re-

cipients of CSPs with a way to address their questions and

report any concerns that they may have with CSPs and their

administration devices.

The standard operating procedures manuals of com-

pounding facilities must describe specific instructions for re-

ceiving, acknowledging, and dating receipts; and for

recording, or filing, and evaluating reports of adverse events

and of the quality of preparation claimed to be associated

with CSPs. Reports of adverse events with CSPs must be

reviewed promptly and thoroughly by compounding super-

visors to correct and prevent future occurrences. Com-

pounding personnel are encouraged to participate in

adverse event reporting and product defects programs of

the Food and Drug Administration (FDA) and United States

Pharmacopeia (USP)..4

Change to read:

THE QUALITY ASSURANCE PROGRAM

A provider of SPs should

.CSPs must.4
have in place a formal Quality Assurance (QA) Program4 intended
to provide a mechanism for monitoring, evaluating, correcting, and
improving the activities and processes described in this chapter.
Emphasis in the QA Program should be

.is.4
placed on maintaining and improving the quality of systems and
the provision of patient care. In addition, the QA program should
ensure

4 Other accepted terms that describe activities aimed at assessing and im-
proving the quality of care rendered include Continuous Quality Improve-
ment, Quality Assessment and Improvement, and Total Quality
Management.
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.ensures.4
that any plan aimed at correcting identified problems also includes
appropriate follow-up to make certain that effective corrective ac-
tions were performed.5

Characteristics of a QA plan include the following:
(1) Formalization in writing;
(2) Consideration of all aspects of the preparation and dispensing

of products as described in this chapter, including environ-
mental testing, validation results, etc.;

(3) Description of specific monitoring and evaluation activities;
(4) Specification of how results are to be reported and evaluated;
(5) Identification of appropriate follow-up mechanisms when ac-

tion limits or thresholds are exceeded; and
(6) Delineation of the individuals responsible for each aspect of

the QA program.

In developing a specific plan, focus should be

.is.4
on establishing objective, measurable indicators for monitoring ac-
tivities and processes that are deemed high-risk, high-volume, or
problem-prone. Appropriate evaluation of environmental moni-
toring might include, for example, the trending of an indicator such
as settling plate counts. In general, the selection of indicators and
the effectiveness of the overall QA plan should be

.is.4
reassessed on an annual basis.

5 The use of additional resources, such as the Accreditation Manual for
Home Care from the Joint Commission on Accreditation of Healthcare Or-
ganizations, may prove helpful in the development of a QA plan.
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BRIEFING

h1230iWater for Health Applications, page 1672 of PF 28(5)
[Sept.–Oct. 2002]. This new informational chapter, which pre-
viously appeared in Pharmacopeial Previews, is now forwarded
to In-Process Revision with an editorial change that was made in
response to a comment received. In addition, minor editorial style
changes have been made.

(PW: F. Barletta) RTS—37455-1

Add the following:

&h1230i WATER FOR HEALTH
APPLICATIONS

WATER FOR HEMODIALYSIS

Chemical and microbial components that can be found in

drinking water meeting U.S. Environmental Protection

Agency National Primary Drinking Water Regulations (or

equivalent) can have the potential to produce significant

negative effects in patients undergoing hemodialysis. It is,

therefore, necessary to subject the water to further treatment

to reduce these components to acceptable levels. The Water

for Hemodialysis monograph provides bacterial and chem-

ical tests that are required to ensure patient safety. Addi-

tional testing is recommended as follows:

(1) Excess levels of aluminum, fluorides, and chlorides

may be found seasonally in drinking water as a result

of chemicals used in water treatment. These compo-

nents should be monitored in Water for Hemodialysis

being produced in accordance with established standard

operating procedures. The maximum acceptable levels

of these elements and compounds are listed in Table 1.

(2) A comprehensive validation testing of the system pro-

ducing Water for Hemodialysis should be performed, at

least annually, to ensure that the water treatment equip-

ment is functioning properly. The maximum acceptable

levels of elements and compounds are listed in Table 1.

Routine testing is performed in accordance with the

monograph.

Table 1: Maximum Allowable Chemical Levels in

Water for Hemodialysis (water used to prepare dialysate

and concentrates from powder at a dialysis facility and

to reprocess dialyzers for multiple use).*

Element or Compound Maximum Concentration

(mg/L)

Calcium 2 (0.1 mEq/L)

Magnesium 4 (0.3 mEq/L)

Potassium 8 (0.2 mEq/L)

Sodium 70 (3.0 mEq/L)

Antimony 0.006

Arsenic 0.005

Barium 0.10

Beryllium 0.0004

Cadmium 0.001

Chromium 0.014

Lead 0.005

Mercury 0.0002

Selenium 0.09

Silver 0.005

Aluminum 0.01

Chloramines 0.10

Free chlorine 0.50

Copper 0.10
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Element or Compound Maximum Concentration

(mg/L)

Fluoride 0.20

Nitrate (as N) 2.00

Sulfate 100.00

Thallium 0.002

Zinc 0.10

* Reprinted with permission from ANSI/AAMI RD62:

2001, Water treatment equipment for hemodialysis appli-

cations, copyright Association for the Advancement of

Medical Instrumentation, Arlington, VA.

The Association for the Advancement of Medical Instru-

mentation (AAMI) chemical limits included in Table 1 have

been recognized by federal government agencies as stan-

dards for Water for Hemodialysis (ANSI/AAMI RD

62:2001). Written standard operating procedures for water

testing should be established by the physician in charge or

the designated facility manager. The test frequency decision

should be based upon historical data analysis, the quality of

the source water as reported by the municipal water treat-

ment facility or public health agency in the area, etc. Re-

cords should be maintained to document levels and any

necessary action taken.

Chemical analysis of water components listed should be

performed using methods referenced in the American Public

Health Association’s Standard Methods for the Examination

of Water and Wastewater, 19th Edition,1 those referenced in

the U.S. Environmental Protection Agency’s Methods for

the Determination of Metals in Environmental Samples,2

or equivalent methods as described in ANSI/AAMI RD

62:2001.

MICROBIAL CONSIDERATIONS

The Water for Hemodialysis monograph includes micro-

bial limits of 100 cfu per mL and endotoxin limits of 2 USP

Endotoxin Units per mL. Culture media should be tryptic

soy agar or equivalent, and colonies should be counted after

incubation at a temperature range between 308 and 358, for

no less than 48 hours. Sampling the water should be done at

the end of the water purification cascade at the point where

the water enters the equipment. Quantification of bacterial

endotoxins is performed using the Limulus Amebocyte Ly-

sate (LAL) clotting method found in the USP general test

chapter Bacterial Endotoxins Test h85i.

Because of the incubation time required to obtain defini-

tive microbiological results, water systems should be micro-

biologically monitored to confirm that they continue to

produce water of acceptable quality. ‘‘Alert’’ and ‘‘Action

Levels’’ are therefore necessary for the monitoring and con-

trol of the system. An Alert Level constitutes a warning and

does not require a corrective action. An Action Level indi-

cates a drift from normal operating conditions and requires

that corrective action be taken. The recommended Action

Level for total viable microbial count in the product water

is 50 cfu per mL, and the recommended Alert Level for bac-

terial endotoxins is 0.5 USP Endotoxin Unit per mL (also

see Microbial Considerations under Water for Pharmaceu-

tical Purposes h1231i).&1S (USP27)

1 American Public Health Association, Washington, DC
20005.
2 U.S. Environmental Protection Agency Publication EPA-
600-R-94-111, Cincinnati, OH.
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REAGENTS, INDICATORS,

AND SOLUTIONS

VOLUMETRIC SOLUTIONS

BRIEFING

Iodine, Hundredth-Normal (0.01 N). This new volumetric
solution is used as a reagent in the test for Sulfur dioxide in the
monographs for Starch, Pregelatinized Starch, and Topical Starch,
which appear elsewhere in this issue of PF.

(HDQ: M. Marques) RTS—39740-1

Add the following:

&Iodine, Hundredth-Normal (0.01 N)
I, 126.90

1.269 g in 1000 mL

Dissolve about 1.4 g of iodine in a solution of 3.6 g of

potassium iodide in 100 mL of water, add 3 drops of hydro-

chloric acid, dilute with water to 1000 mL, and standardize

the solution as follows.

Transfer 100.0 mL of iodine solution to a 250-mL flask,

add 1 mL of 1 N hydrochloric acid, swirl gently to mix, and

titrate with 0.1 N sodium thiosulfate VS until the solution

has a pale yellow color. Add 2 mL of starch TS, and con-

tinue titrating until the solution is colorless. Calculate the

normality.

P r e s e r v e i n ambe r - co l o r ed , g l a s s - s t o ppe r e d

bottles.&1S (USP27)

REFERENCE TABLES

BRIEFING

Description and Relative Solubility of USP and NF Articles,
USP 26 page 2546, page 3014 of the First Supplement, page 5310
of PF 23(6) [Nov.–Dec. 1997], page 7017 of PF 24(5) [Sept.–Oct.
1998], page 8282 of PF 25(3) [May–June 1999], page 8589 of PF
25(4) [July–Aug. 1999], page 8917 of PF 25(5) [Sept.–Oct. 1999],
page 9254 of PF 25(6) [Nov.–Dec. 1999], page 504 of PF 26(2)
[Mar.–Apr. 2000], page 837 of PF 26(3) [May–June 2000], page
1135 of PF 26(4) [July–Aug. 2000], page 1385 of PF 26(5) [Sept.–
Oct. 2000], page 1907 of PF 27(1) [Jan.–Feb. 2001], page 2281 of
PF 27(2) [Mar.–Apr. 2001], page 2839 of PF 27(4) [July–Aug.
2001], page 3120 of PF 27(5) [Sept.–Oct. 2001], page 3374 of
PF 27(6) [Nov.–Dec. 2001], page 116 of PF 28(1) [Jan.–Feb.
2002], page 554 of PF 28(2) [Mar.–Apr. 2002], page 853 of PF
28(3) [May–June 2002], page 1236 of PF 28(4) [July–Aug.
2002], page 1542 of PF 28(5) [Sept.–Oct. 2002], page 1953 of
PF 28(6) [Nov.–Dec. 2002], page 266 of PF 29(1) [Jan.–Feb.
2003], and page 509 of PF 29(2) [Mar.–Apr. 2003].

(HDQ) RTS—34173-1; 39490-1; 39490-2; 39520-1; 39536-
3; 39536-5; 39566-1; 39703-1; 39704-1

Add the following:

&L-Asparagine: White crystals or a crystalline powder.

Soluble in water; practically insoluble in alcohol and in

ether. Its solutions are acid to litmus. It melts at about

2348.&1S (USP27)

Add the following:

&Caprylocaproyl Macrogolglycerides: Capryloca-

proyl Polyoxylglycerides: Pale yellow, oily liquids. Dis-

persible in hot water; freely soluble in methylene chloride.

NF category: Ointment base; solvent.&1S (USP27)

Add the following:

&Dibutyl Phthalate: A clear, oily liquid, colorless or

very slightly yellow. Practically insoluble in water; miscible

with alcohol and with ether.&1S (USP27)
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Add the following:

&Diethylene Glycol Monostearate: Diethylene Glycol

Stearates: White or almost white, waxy solid. Soluble

in acetone and in hot alcohol; practically insoluble in

water. NF category: Emulsifying and/or solubilizing

agent.&1S (USP27)

Add the following:

&Ethylene Glycol Monostearate: Ethylene Glycol

Stearates: White or almost white, waxy solid. Soluble

in acetone and in hot alcohol; practically insoluble in

water. NF category: Emulsifying and/or solubilizing

agent.&1S (USP27)

Add the following:

&Hydrogenated Soybean Oil: Awhite mass or powder

that melts to a clear, pale yellow liquid when heated. Freely

soluble in methylene chloride, in hexane after heating, and

in toluene; very slightly soluble in alcohol; practically inso-

luble in water. NF category: Emollient.&1S (USP27)

Add the following:

&Linoleoyl Macrogolglycerides: Linoleoyl Polyoxyl-

glycerides: Amber, oily liquids. May develop deposit

after prolonged storage periods at 208. Freely soluble in

methylene chloride; practically insoluble but dispersible in

water. NF category: Ointment base; solvent.&1S (USP27)

Add the following:

&Oleoyl Macrogolglycerides: Oleoyl Polyoxylglyceri-

des: Amber, oily liquids. May develop deposit after pro-

longed storage at 208. Freely soluble in methylene chloride;

practically insoluble but dispersible in water. NF category:

Ointment base; solvent.&1S (USP27)

Add the following:

&Paricalcitol: White to almost white powder. Soluble

in alcohol; insoluble in water.&1S (USP27)

Add the following:

&Strontium Chloride: Colorless, odorless crystals or

white granules. Effloresces in air; deliquesces in moist air.

Very soluble in water; soluble in alcohol.&1S (USP27)

Add the following:

&Tazobactam Sodium: White to off-white powder. So-

luble in dehydrated alcohol, in methanol, in acetone, and in

water. Melts above 1708, with decomposition.&1S (USP27)

Add the following:

&Yttrium Chloride: Colorless, deliquescent crystals.

Soluble in water and in alcohol.&1S (USP27)
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Items from Earlier Numbers of PF that Have Not Yet
Appeared in a Supplement, and are Therefore Candidates
for Subsequent Supplements.

GENERAL NOTICES AND REQUIREMENTS

‘‘Official’’ and ‘‘Official Articles’’—See PF Vol. 28 No. 6, page
1757.

Preservation, Packaging, Storage, and Labeling—See PF Vol. 28
No. 4, page 1061.

Significant Figures and Tolerances—See PF Vol. 28 No. 5, page
1379.

Tests and Assays—See PF Vol. 28 No. 5, page 1380.

USP MONOGRAPHS

Acebutolol Hydrochloride—See PF Vol. 27 No. 3, page 2493.
Acebutolol Hydrochloride Capsules—See PF Vol. 27 No. 1, page

1743.
Acepromazine Maleate—See PF Vol. 27 No. 3, page 2493.
Acepromazine Maleate Injection—See PF Vol. 27 No. 3, page

2494.
Acepromazine Maleate Tablets—See PF Vol. 27 No. 3, page 2494.
Acetaminophen—See PF Vol. 27 No. 3, page 2494.
Acetaminophen Capsules—See PF Vol. 27 No. 3, page 2494.
Acetaminophen for Effervescent Oral Solution—See PF Vol. 27

No. 3, page 2495.
Acetaminophen Oral Solution—See PF Vol. 27 No. 3, page 2494.
Acetaminophen Oral Suspension—See PF Vol. 27 No. 3, page

2495.
Acetaminophen Suppositories—See PF Vol. 27 No. 3, page 2495.
Acetaminophen Tablets—See PF Vol. 27 No. 3, page 2495.
Acetaminophen and Aspirin Tablets—See PF Vol. 27 No. 3, page

2495.
Acetaminophen, Aspirin, and Caffeine Tablets—See PF Vol. 27

No. 3, page 2495.
Capsules Containing at Least Three of the Following—Aceta-

minophen and Salts of Chlorpheniramine, Dextromethor-
phan, and Pseudoephedrine—See PF Vol. 27 No. 3, page
2496.

Oral Powder Containing at Least Three of the Following—Aceta-
minophen and Salts of Chlorpheniramine, Dextromethor-
phan, and Pseudoephedrine—See PF Vol. 27 No. 3, page
2496.

Oral Solution Containing at Least Three of the Following—Aceta-
minophen and Salts of Chlorpheniramine, Dextromethor-
phan, and Pseudoephedrine—See PF Vol. 27 No. 6, page
3241.

Tablets Containing at Least Three of the Following—Aceta-
minophen and Salts of Chlorpheniramine, Dextromethor-
phan, and Pseudoephedrine—See PF Vol. 27 No. 3, page
2496.

Acetaminophen and Codeine Phosphate Capsules—See PF Vol. 27
No. 3, page 2496.

Acetaminophen and Codeine Phosphate Oral Solution—See PF
Vol. 27 No. 3, page 2497.

Acetaminophen and Codeine Phosphate Oral Suspension—See PF
Vol. 27 No. 3, page 2497.

Acetaminophen, Dextromethorphan Hydrobromide, Doxylamine
Succinate, and Pseudoephedrine Hydrochloride Oral Solu-
tion—See PF Vol. 27 No. 3, page 2499.

Acetaminophen and Diphenhydramine Citrate Tablets—See PF
Vol. 27 No. 3, page 2499.

Acetaminophen, Diphenhydramine Hydrochloride, and Pseudo-
ephedrine Hydrochloride Tablets—See PF Vol. 27 No. 3,
page 2499.

Acetaminophen and Pseudoephedrine Hydrochloride Tablets—
See PF Vol. 27 No. 3, page 2500.

Acetazolamide—See PF Vol. 27 No. 3, page 2500.
Acetazolamide for Injection—See PF Vol. 27 No. 3, page 2500.
Acetazolamide Tablets—See PF Vol. 27 No. 3, page 2501.

Glacial Acetic Acid—See PF Vol. 27 No. 3, page 2501.
Acetic Acid Irrigation—See PF Vol. 27 No. 3, page 2501.
Acetic Acid Otic Solution—See PF Vol. 27 No. 3, page 2501.
Acetohexamide—See PF Vol. 27 No. 3, page 2501.
Acetohexamide Tablets—See PF Vol. 27 No. 3, page 2501.
Acetohydroxamic Acid Tablets—See PF Vol. 27 No. 3, page 2503.
Acetylcholine Chloride—See PF Vol. 27 No. 3, page 2502.
Acetylcholine Chloride for Ophthalmic Solution—See PF Vol. 27

No. 3, page 2502.
Acetylcysteine—See PF Vol. 27 No. 3, page 2503.
Acetylcysteine Solution—See PF Vol. 27 No. 3, page 2503.
Acetylcysteine and Isoproterenol Hydrochloride Inhalation Solu-

tion—See PF Vol. 27 No. 3, page 2503.
Acyclovir—See PF Vol. 27 No. 3, page 2503.
Acyclovir Capsules—See PF Vol. 27 No. 3, page 2503.
Acyclovir for Injection—See PF Vol. 29 No. 1, page 42.
Acyclovir Ointment—See PF Vol. 27 No. 3, page 2504.
Acyclovir Oral Suspension—See PF Vol. 27 No. 3, page 2504.
Acyclovir Tablets—See PF Vol. 27 No. 3, page 2504.
Adenine—See PF Vol. 27 No. 3, page 2504.
Albendazole—See PF Vol. 27 No. 3, page 2505.
Albendazole Oral Suspension—See PF Vol. 27 No. 3, page 2505.
Albendazole Tablets—See PF Vol. 27 No. 3, page 2505.
Albumin Human—See PF Vol. 29 No. 1, page 43.
Albuterol—See PF Vol. 27 No. 3, page 2505.
Albuterol Sulfate—See PF Vol. 27 No. 3, page 2506.
Albuterol Tablets—See PF Vol. 27 No. 3, page 2506.
Alclometasone Dipropionate—See PF Vol. 27 No. 3, page 2506.
Alclometasone Dipropionate Cream—See PF Vol. 27 No. 3, page

2507.
Alclometasone Dipropionate Ointment—See PF Vol. 27 No. 3,

page 2507.
Alcohol—See PF Vol. 27 No. 3, page 2507.
Dehydrated Alcohol—See PF Vol. 27 No. 3, page 2507.
Dehydrated Alcohol Injection—See PF Vol. 27 No. 3, page 2507.
Rubbing Alcohol—See PF Vol. 27 No. 3, page 2507.
Alcohol in Dextrose Injection—See PF Vol. 27 No. 3, page 2508.
Alendronate Sodium—See PF Vol. 28 No. 3, page 737.
Alendronate Sodium Tablets—See PF Vol. 28 No. 3, page 740.
Allopurinol—See PF Vol. 28 No. 5, page 1387.
Allopurinol Tablets—See PF Vol. 27 No. 3, page 2508.
Allyl Isothiocyanate—See PF Vol. 27 No. 3, page 2509.
Alprazolam—See PF Vol. 27 No. 3, page 2509.
Alprazolam Tablets—See PF Vol. 27 No. 3, page 2509.
Alprostadil—See PF Vol. 29 No. 2, page 392.
Alprostadil Injection—See PF Vol. 28 No. 5, page 1389.
Altretamine—See PF Vol. 27 No. 3, page 2514.
Altretamine Capsules—See PF Vol. 27 No. 3, page 2514.
Potassium Alum—See PF Vol. 27 No. 3, page 2515.
Alumina and Magnesia Oral Suspension—See PF Vol. 27 No. 3,

page 2515.
Alumina and Magnesia Tablets—See PF Vol. 27 No. 3, page 2515.
Alumina, Magnesia, and Calcium Carbonate Oral Suspension—

See PF Vol. 27 No. 6, page 3241.
Alumina, Magnesia, and Calcium Carbonate Tablets—See PF Vol.

27 No. 3, page 2515.
Alumina, Magnesia, Calcium Carbonate, and Simethicone Tab-

lets—See PF Vol. 27 No. 6, page 3241.
Amoxicillin and Clavulanate Potassium for Oral Suspension—See

PF Vol. 28 No. 5, page 1392.
Amoxicillin and Clavulanate Potassium Tablets—See PF Vol. 28

No. 1, page 37.
Amoxicillin Tablets—See PF Vol. 29 No. 1, page 48.
Amphetamine Sulfate—See PF Vol. 28 No. 3, page 744.
Ampicillin—See PF Vol. 28 No. 6, page 1766.
Ampicillin Capsules—See PF Vol. 28 No. 6, page 1766.
Ampicillin for Injectable Suspension—See PF Vol. 28 No. 6, page

1766.
Ampicillin Tablets—See PF Vol. 28 No. 6, page 1767.
Aspartic Acid—See PF Vol. 28 No. 5, page 1391.
Astemizole Tablets—See PF Vol. 28 No. 3, page 745.
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Atenolol Tablets—See PF Vol. 29 No. 1, page 49.
Atovaquone Oral Suspension—See PF Vol. 29 No. 1, page 49.
Azithromycin—See PF Vol. 29 No. 1, page 50.
Azithromycin Capsules—See PF Vol. 27 No. 6, page 3394.
Barium Sulfate Paste—See PF Vol. 25 No. 4, page 8479.
Benazepril Hydrochloride—See PF Vol. 28 No. 6, page 1768.
Benazepril Hydrochloride Tablets—See PF Vol. 28 No. 1, page 39.
Benztropine Mesylate Tablets—See PF Vol. 28 No. 5, page 1392.
Betahistine Hydrochloride—See PF Vol. 26 No. 5, page 1401.
Betamethasone—See PF Vol. 28 No. 6, page 1772.
Betamethasone Cream—See PF Vol. 28 No. 6, page 1773.
Betamethasone Acetate—See PF Vol. 28 No. 6, page 1773.
Bethanechol Chloride—See PF Vol. 29 No. 1, page 52.
Bethanechol Chloride Tablets—See PF Vol. 29 No. 1, page 54.
Bismuth Subsalicylate Oral Suspension—See PF Vol. 28 No. 2,

page 627.
Bismuth Subsalicylate Tablets—See PF Vol. 28 No. 5, page 1603.
Bisoprolol Fumarate—See PF Vol. 26 No. 4, page 982.
Bisoprolol Fumarate Tablets—See PF Vol. 26 No. 4, page 983.
Bisoprolol Fumarate and Hydrochlorothiazide Tablets—See PF

Vol. 26 No. 4, page 985.
Brinzolamide Ophthalmic Suspension—See PF Vol. 28 No. 6,

page 1774.
Bromodiphenhydramine Hydrochloride and Codeine Phosphate

Syrup—See PF Vol. 27 No. 5, page 2980.
Bromodiphenhydramine Hydrochloride Elixir—See PF Vol. 28

No. 6, page 1776.
Bromodiphenhydramine Hydrochloride Oral Solution—See PF

Vol. 28 No. 6, page 1777.
Calcium Carbonate Lozenges—See PF Vol. 28 No. 6, page 1778.
Calcium Carbonate Tablets—See PF Vol. 28 No. 5, page 1392.
Dibasic Calcium Phosphate—See PF Vol. 22 No. 6, page 3029.
Anhydrous Dibasic Calcium Phosphate—See PF Vol. 22 No. 6,

page 2011.
Cefaclor Capsules—See PF Vol. 29 No. 1, page 56.
Cefazolin Ophthalmic Solution—See PF Vol. 28 No. 2, page 261.
Cefipime for Injection—See PF Vol. 28 No. 6, page 1778.
Cefuroxime Axetil for Oral Suspension—See PF Vol. 28 No. 6,

page 1780.
Cephalexin Tablets for Oral Suspension—See PF Vol. 28 No. 6,

page 1782.
Ciclopirox—See PF Vol. 29 No. 2, page 393.
Ciclopirox Olamine—See PF Vol. 29 No. 2, page 395.
Cimetidine Tablets—See PF Vol. 28 No. 1, page 52.
Clavulanate Potassium—See PF Vol. 28 No. 5, page 1393.
Clindamycin Phosphate—See PF Vol. 29 No. 1, page 57.
Clindamycin Phosphate Topical Solution—See PF Vol. 28 No. 5,

page 1393.
Clonazepam Tablets—See PF Vol. 28 No. 1, page 54.
Clonidine—See PF Vol. 29 No. 1, page 58.
Clonidine Hydrochloride Injection—See PF Vol. 26 No. 2, page

351.
Clonidine Transdermal System—See PF Vol. 28 No. 2, page 265.
Corticotropin Injection—See PF Vol. 28 No. 6, page 1783.
Corticotropin for Injection—See PF Vol. 28 No. 6, page 1784.
Cyanocobalamin Co 57 Capsules—See PF Vol. 29 No. 2, page

397.
Cyanocobalamin Co 57 Oral Solution—See PF Vol. 29 No. 2, page

398.
Cyclandelate—See PF Vol. 26 No. 2, page 353.
Cyclosporine Capsules—See PF Vol. 27 No. 4, page 2721.
Desmopressin Acetate—See PF Vol. 24 No. 2, page 5773.
Desmopressin Injection—See PF Vol. 24 No. 2, page 5778.
Desmopressin Nasal Spray Solution—See PF Vol. 24 No. 2, page

5779.
Desogestrel—See PF Vol. 28 No. 6, page 1785.
Desogestrel and Ethinyl Estradiol Tablets—See PF Vol. 28 No. 5,

page 1394.
Dexamethasone Injection—See PF Vol. 28 No. 5, page 1402.
Dextran 1—See PF Vol. 28 No. 6, page 1787.
Dextran 40—See PF Vol. 29 No. 2, page 399.

Dextran 70—See PF Vol. 29 No. 2, page 401.
Dextroamphetamine Sulfate—See PF Vol. 28 No. 3, page 751.
Diethylstilbestrol Diphosphate Tablets—See PF Vol. 23 No. 1,

page 3385.
Digoxin Tablets—See PF Vol. 28 No. 1, page 55.
Dihydroergotamine Mesylate Nasal Solution—See PF Vol. 25 No.

6, page 9078.
Dimenhydrinate Injection—See PF Vol. 28 No. 3, page 752.
Dimenhydrinate Syrup—See PF Vol. 28 No. 3, page 755.
Dimenhydrinate Tablets—See PF Vol. 28 No. 3, page 756.
Dipryidamole Tablets—See PF Vol. 28 No. 5, page 1402.
Dobutamine in Dextrose Injection—See PF Vol. 28 No. 5, page

1403.
Dolasetron Mesylate Injection—See PF Vol. 29 No. 1, page 60.
Doxazosin Mesylate—See PF Vol. 29 No. 1, page 61.
Doxazosin Tablets—See PF Vol. 29 No. 1, page 64.
Doxorubicin Hydrochloride—See PF Vol. 29 No. 1, page 66.
Egg Phospholipids—See PF Vol. 29 No. 2, page 401.
Estradiol Transdermal System—See PF Vol. 25 No. 6, page 9080.
Ethambutol Hydrochloride Tablets—See PF Vol. 28 No. 5, page

1406.
Ethosuximide Oral Solution—See PF Vol. 28 No. 5, page 1407.
Ethotoin—See PF Vol. 29 No. 1, page 66.
Ethylenediamine—See PF Vol. 28 No. 6, page 1789.
Etoposide—See PF Vol. 28 No. 5, page 1407.
Ferric Subsulfate Solution—See PF Vol. 28 No. 6, page 1789.
Ferric Sulfate—See PF Vol. 28 No. 6, page 1790.
Ferumoxides Injection—See PF Vol. 28 No. 3, page 758.
Fexofenadine Hydrochloride—See PF Vol. 28 No. 6, page 1790.
Fexofenadine Hydrochloride Capsules—See PF Vol. 28 No. 6,

page 1793.
Finasteride Tablets—See PF Vol. 29 No. 2, page 403.
Flucytosine Capsules—See PF Vol. 29 No. 1, page 68.
Fludarabine Phosphate—See PF Vol. 28 No. 6, page 1795.
Fludarabine Phosphate for Injection—See PF Vol. 28 No. 6, page

1799.
Fluoxetine Hydrochloride—See PF Vol. 28 No. 6, page 1802.
Fluoxetine Tablets—See PF Vol. 28 No. 6, page 1803.
Fluoxetine Delayed-Release Capsules—See PF Vol. 29 No. 2,

page 403.
Flutamide—See PF Vol. 29 No. 2, page 405.
Flutamide Capsules—See PF Vol. 29 No. 2, page 407.
Fluvastatin Capsules—See PF Vol. 25 No. 4, page 8423.
Folic Acid Tablets—See PF Vol. 29 No. 2, page 409.
Fosphenytoin Sodium Injection—See PF Vol. 29 No. 1, page 68.
Gabapentin—See PF Vol. 29 No. 1, page 72.
Gabapentin Capsules—See PF Vol. 28 No. 2, page 298.
Gadoversetamide—See PF Vol. 29 No. 2, page 410.
Gadoversetamide Injection—See PF Vol. 29 No. 2, page 415.
Gemcitabine Hydrochloride—See PF Vol. 27 No. 5, page 3141.
Gemcitabine for Injection—See PF Vol. 27 No. 5, page 3142.
Gemfibrozil—See PF Vol. 27 No. 6, page 3289.
Glipizide—See PF Vol. 29 No. 2, page 417.
Glyburide Tablets—See PF Vol. 29 No. 2, page 418.
Glycerin Injection—See PF Vol. 27 No. 5, page 3143.
Gonadorelin Hydrochloride—See PF Vol. 27 No. 3, page 2552.
Graftskin—See PF Vol. 28 No. 6, page 1804.
Heparin Sodium—See PF Vol. 29 No. 1, page 75.
0.1 Normal Hydrochloric Acid Intravenous Injection—See PF Vol.

27 No. 5, page 3144.
Hydrocodone Bitartrate—See PF Vol. 29 No. 1, page 77.
Hydrocodone Bitartrate and Acetaminophen Tablets—See PF Vol.

27 No. 6, page 3301.
Hydrocodone Bitartate and Homatropine Methylbromide Tab-

lets—See PF Vol. 28 No. 4, page 1267.
Ibuprofen Capsules—See PF Vol. 26 No. 2, page 360.
Indapamide Tablets—See PF Vol. 28 No. 5, page 1410.
Indinavir Sulfate—See PF Vol. 27 No. 2, page 2165.
Indinavir Sulfate Capsules—See PF Vol. 26 No. 6, page 1641.
Indium In 111 Ibritumomab Tiuxetan Injection—See PF Vol. 28

No. 6, page 1815.
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Indocyanine Green—See PF Vol. 28 No. 3, page 765.
Indomethacin Topical Gel—See PF Vol. 24 No. 2, page 5808.
Inulin in Sodium Chloride Injection—See PF Vol. 28 No. 6, page

1817.
Iodixanol—See PF Vol. 29 No. 1, page 79.
Iodixanol Injection—See PF Vol. 29 No. 1, page 80.
Iodoform—See PF Vol. 28 No. 6, page 1817.
Irbesartan—See PF Vol. 24 No. 6, page 7156.
Irbesartan Tablets—See PF Vol. 24 No. 6, page 7157.
Irbesartan and Hydrochlorothiazide Tablets—See PF Vol. 24 No.

6, page 7158.
Isradipine Capsules—See PF Vol. 23 No. 4, page 4334.
Ivermectin—See PF Vol. 27 No. 1, page 1790.
Ketamine Hydrochloride—See PF Vol. 28 No. 5, page 1411.
Lactic Acid—See PF Vol. 28 No. 6, page 1817.
Lamivudine—See PF Vol. 29 No. 2, page 419.
Leuprolide Acetate—See PF Vol. 28 No. 5, page 1412.
Leuprolide Acetate Injection—See PF Vol. 25 No. 5, page 8722.
Levocarnitine—See PF Vol. 28 No. 1, page 71.
Lipid Injectable Emulsion—See PF Vol. 29 No. 2, page 421.
Loperamide Hydrochloride Oral Solution—See PF Vol. 28 No. 5,

page 1418.
Loratadine—See PF Vol. 28 No. 5, page 1604.
Loratadine Tablets—See PF Vol. 28 No. 5, page 1608.
Loratadine Oral Solution—See PF Vol. 28 No. 5, page 1606.
Magnesium Carbonate, Citric Acid, and Potassium Citrate for Oral

Solution—See PF Vol. 26 No. 4, page 1050.
Mangafodipir Trisodium Injection—See PF Vol. 28 No. 5, page

1419.
Mannitol—See PF Vol. 27 No. 5, page 3017.
Mannitol Injection—See PF Vol. 28 No. 1, page 73.
Mecamylamine Hydrochloride—See PF Vol. 28 No. 6, page 1817.
Mecamylamine Hydrochloride Tablets—See PF Vol. 28 No. 2,

page 322.
Megestrol Acetate Oral Suspension—See PF Vol. 29 No. 1, page

80.
Melphalan Tablets—See PF Vol. 29 No. 1, page 81.
Mephobarbital Tablets—See PF Vol. 26 No. 1, page 178.
Mepivicaine Hydrochloride Injection—See PF Vol. 28 No. 6, page

1820.
Methadone Hydrochloride Tablets—See PF Vol. 28 No. 6, page

1820.
Methadone Hydrochloride Tablets for Oral Suspension—See PF

Vol. 28 No. 6, page 1821.
Metronidazole Benzoate—See PF Vol. 25 No. 2, page 7747.
Miconazole Nitrate Cream—See PF Vol. 26 No. 5, page 1302.
Milrinone—See PF Vol. 27 No. 2, page 2175.
Minocycline Hydrochloride—See PF Vol. 28 No. 3, page 770.
Misoprostol—See PF Vol. 26 No. 5, page 1304.
Misoprostol Dispersion—See PF Vol. 28 No. 3, page 772.
Misoprostol Tablets—See PF Vol. 26 No. 5, page 1310.
Molindone Hydrochloride Tablets—See PF Vol. 24 No. 1, page

5461.
Morphine Sulfate Extended-Release Capsules—See PF Vol. 28

No. 6, page 1822.
Myrrh Topical Solution—See PF Vol. 28 No. 6, page 1825.
Nabumetone Tablets—See PF Vol. 29 No. 1, page 82.
Naltrexone Hydrochloride Tablets—See PF Vol. 29 No. 1, page 83.
Naphazoline Hydrochloride and Pheniramine Maleate Ophthalmic

Solution—See PF Vol. 28 No. 6, page 1825.
Naratriptan Hydrochloride—See PF Vol. 28 No. 6, page 1827.
Naratriptan Tablets—See PF Vol. 29 No. 1, page 84.
Nevirapine—See PF Vol. 28 No. 6, page 1832.
Nimodipine—See PF Vol. 22 No. 1, page 2041.
Norgestimate—See PF Vol. 29 No. 2, page 423.
Norgestimate and Ethinyl Estradiol Tablets—See PF Vol. 29 No. 1,

page 87.
Nystatin—See PF Vol. 28 No. 4, page 1271.
Nystatin Cream—See PF Vol. 28 No. 1, page 134.
Nystatin Lozenges—See PF Vol. 28 No. 1, page 135.
Nystatin Ointment—See PF Vol. 28 No. 1, page 136.

Nystatin Topical Powder—See PF Vol. 28 No. 1, page 136.
Nystatin Oral Suspension—See PF Vol. 28 No. 1, page 136.
Nystatin Tablets—See PF Vol. 28 No. 1, page 137.
Nystatin and Triamcinolone Acetonide Cream—See PF Vol. 28

No. 1, page 137.
Nystatin and Triamcinolone Acetonide Ointment—See PF Vol. 28

No. 1, page 138.
Octisalate (Formerly Octyl Salicylate)—See PF Vol. 28 No. 5,

page 1420.
Omeprazole Delayed-Release Capsules—See PF Vol. 29 No. 2,

page 424.
Ondansetron Hydrochloride—See PF Vol. 29 No. 1, page 92.
Ondansetron Injection—See PF Vol. 28 No. 6, page 1835.
Ondansetron Oral Solution—See PF Vol. 26 No. 1, page 34.
Orphenadrine Citrate—See PF Vol. 29 No. 1, page 94.
Orphenadrine Citrate Injection—See PF Vol. 29 No. 1, page 95.
Oxandrolone—See PF Vol. 28 No. 6, page 1835.
Oxaprozin—See PF Vol. 29 No. 1, page 97.
Oxaprozin Tablets—See PF Vol. 29 No. 1, page 99.
Water O 15 Injection—See PF Vol. 27 No. 2, page 2182.
Paclitaxel—See PF Vol. 28 No. 5, page 1421.
Paroxetine Hydrochloride—See PF Vol. 29 No. 1, page 100.
Paroxetine Tablets—See PF Vol. 28 No. 3, page 777.
Pentazocine Injection—See PF Vol. 28 No. 6, page 1836.
Pentazocine and Acetaminophen Tablets—See PF Vol. 28 No. 6,

page 1838.
Pentazocine and Aspirin Tablets—See PF Vol. 28 No. 6, page

1841.
Pentazocine and Naloxone Tablets—See PF Vol. 28 No. 6, page

1844.
Pentazocine and Naloxone Hydrochlorides Tablets—See PF Vol.

28 No. 6, page 1846.
Pentazocine Hydrochloride and Aspirin Tablets—See PF Vol. 28

No. 6, page 1847.
Pentazocine Lactate Injection—See PF Vol. 28 No. 6, page 1847.
Pentoxifylline Extended-Release Tablets—See PF Vol. 28 No. 5,

page 1433.
Perflutren Protein-Type A Microspheres Injectable Suspension—

See PF Vol. 28 No. 6, page 1848.
Perflutren Protein-Type A Microspheres for Injection—See PF

Vol. 28 No. 6, page 1852.
Petrolatum—See PF Vol. 28 No. 2, page 569.
White Petrolatum—See PF Vol. 28 No. 2, page 570.
Phenindamine Tartrate—See PF Vol. 25 No. 3, page 8063.
Phenylbutazone—See PF Vol. 28 No. 5, page 1440.
Phenyltoloxamine Dihydrogen Citrate—See PF Vol. 29 No. 2,

page 428.
Phytonadione Injectable Emulsion—See PF Vol. 28 No. 6, page

1852.
Phytonadione Injection—See PF Vol. 28 No. 6, page 1853.
Poloxalene—See PF Vol. 29 No. 2, page 429.
Potassium chloride Extended-Release Capsules—See PF Vol. 22

No. 6, page 3043.
Probenecid Tablets—See PF Vol. 28 No. 2, page 347.
Procainamide Hydrochloride Extended-Release Tablets—See PF

Vol. 29 No. 1, page 109.
Progesterone Injectable Suspension—See PF Vol. 28 No. 5, page

1440.
Propantheline Bromide—See PF Vol. 29 No. 2, page 430.
Propantheline Bromide Tablets—See PF Vol. 29 No. 2, page 431.
Propofol—See PF Vol. 28 No. 6, page 1854.
Propoxyphene Hydrochloride—See PF Vol. 28 No. 6, page 1857.
Propoxyphene Napsylate—See PF Vol. 28 No. 6, page 1859.
Protamine Sulfate—See PF Vol. 28 No. 6, page 1862.
Pseudoephedrine Hydrochloride Extended-Release Tablets—See

PF Vol. 29 No. 1, page 110.
Quinapril Hydrochloride—See PF Vol. 25 No. 4, page 8429.
Quinapril Tablets—See PF Vol. 25 No. 4, page 8432.
Ranitidine Oral Solution—See PF Vol. 28 No. 2, page 360.
Red Blood Cells—See PF Vol. 29 No. 2, page 431.
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Rifampin and Isoniazid Capsules—See PF Vol. 28 No. 6, page
1862.

Rifampin, Isoniazid, and Pyrazinamide Tablets—See PF Vol. 28
No. 6, page 1865.

Rifampin, Isoniazid, Pyrazinamide, and Ethambutol Hydro-
chloride Tablets—See PF Vol. 29 No. 1, page 112.

Rimantadine Hydrochloride—See PF Vol. 24 No. 2, page 5927.
Rimantadine Hydrochloride Tablets—See PF Vol. 24 No. 2, page

5929.
Saquinavir Capsules—See PF Vol. 27 No. 2, page 2197.
Saw Palmetto Capsules—See PF Vol. 26 No. 6, page 1571.
Saw Palmetto Extract—See PF Vol. 26 No. 6, page 1567.
Scopolamine Hydrobromide—See PF Vol. 28 No. 6, page 1868.
Sevoflurane—See PF Vol. 27 No. 3, page 2577.
Shark Liver Oil—See PF Vol. 26 No. 6, page 1643.
Sildenafil Citrate—See PF Vol. 24 No. 6, page 7182.
Sildenafil Tablets—See PF Vol. 24 No. 6, page 7184.
Simvastatin Tablets—See PF Vol. 29 No. 2, page 437.
Sodium Bicarbonate—See PF Vol. 28 No. 5, page 1446.
Sodium Butyrate—See PF Vol. 28 No. 6, page 1868.
Sodium Chloride—See PF Vol. 20 No. 5, page 7991.
Somatropin—See PF Vol. 25 No. 4, page 8540.
Somatropin for Injection—See PF Vol. 25 No. 4, page 8551.
Sorbitol Solution—See PF Vol. 29 No. 1, page 114.
Sotalol Hydrochloride—See PF Vol. 28 No. 6, page 1868.
Sotalol Hydrochloride Tablets—See PF Vol. 27 No. 1, page 1816.
Spironolactone—See PF Vol. 29 No. 1, page 115.
Spironolactone Oral Suspension—See PF Vol. 24 No. 2, page

5813.
Spironolactone and Hydrochlorothiazide Oral Suspension—See

PF Vol. 24 No. 2, page 5814.
Sterile, Single-Use Plastic Large-Volume Containers for Human

Blood and Blood Components—See PF Vol. 23 No. 5, page
4651.

Sulfadimethoxine—See PF Vol. 28 No. 6, page 1871.
Sulfadimethoxine Sodium—See PF Vol. 28 No. 6, page 1872.
Sulfasalazine Delayed-Release Tablets—See PF Vol. 28 No. 3,

page 788.
Sumatriptan—See PF Vol. 29 No. 1, page 116.
Sumatriptan Nasal Spray—See PF Vol. 29 No. 1, page 119.
Sumatriptan Succinate—See PF Vol. 27 No. 5, page 3157.
Sutilains—See PF Vol. 27 No. 2, page 2199.
Sutilains Ointment—See PF Vol. 27 No. 2, page 2201.
Terazosin Hydrochloride—See PF Vol. 29 No. 1, page 121.
Terbutaline Sulfate Inhalation Aerosol—See PF Vol. 26 No. 3,

page 753.
Terbutaline Sulfate Injection—See PF Vol. 26 No. 3, page 756.
Theophylline Syrup—See PF Vol. 27 No. 1, page 1819.
Thiacetarsamide—See PF Vol. 29 No. 1, page 126.
Thiacetarsamide Sodium Injection—See PF Vol. 29 No. 1, page

127.
Tiamulin Fumarate—See PF Vol. 28 No. 6, page 1872.
Tobramycin Inhalation Solution—See PF Vol. 29 No. 2, page 438.
Torsemide—See PF Vol. 28 No. 2, page 382.
Trichlorfon—See PF Vol. 26 No. 6, page 1576.
Unithiol—See PF Vol. 25 No. 2, page 7752.
Urea C for Oral Solution—See PF Vol. 29 No. 2, page 441.
Urofollitropin—See PF Vol. 28 No. 6, page 1875.
Urofollitropin for Injection—See PF Vol. 28 No. 6, page 1881.
Urokinase Concentrate—See PF Vol. 24 No. 3, page 6180.
Ursodiol—See PF Vol. 29 No. 1, page 128.
Valproic Acid—See PF Vol. 29 No. 1, page 128.
Valproic Acid Injection—See PF Vol. 26 No. 4, page 939.
Valsartan—See PF Vol. 28 No. 2, page 396.
Valsartan Capsules—See PF Vol. 28 No. 2, page 399.
Valsartan and Hydrochlorothiazide Tablets—See PF Vol. 29 No. 1,

page 129.
Vecuronium Bromide—See PF Vol. 28 No. 6, page 1886.
Vecuronium Bromide for Injection—See PF Vol. 25 No. 4, page

8449.
Verteporfin—See PF Vol. 29 No. 2, page 442.

Verteporfin for Injection—See PF Vol. 27 No. 3, page 2587.
Vitamin E—See PF Vol. 27 No. 5, page 3159.
Vitamin E Capsules—See PF Vol. 28 No. 6, page 1889.
Sterile Purified Water—See PF Vol. 28 No. 4, page 1272.
Water for Injection—See PF Vol. 29 No. 2, page 444.
Water for Hemodialysis—See PF Vol. 28 No. 5, page 1610.
Whole Blood—See PF Vol. 29 No. 2, page 445.
Yttrium 90 Ibritumomab Tiuxetan Injection—See PF Vol. 28 No.

6, page 1890.
Zileuton—See PF Vol. 29 No. 2, page 447.

EXCIPIENTS

Excipients, USP and NF Excipients, Listed by Category—See PF
Vol. 21 No. 5, page 1258; PF Vol. 25 No. 5, page 8887; PF
Vol. 28 No. 4, page 1206 and 1273; PF Vol. 28 No. 3, page
796; PF Vol. 28 No. 6, page 1891; PF Vol. 29 No. 1, page 135;
PF Vol. 29 No. 2, page 450.

GENERAL CHAPTERS

General Tests and Assays

General Requirements for Tests and Assays

h1i Injections—See PF Vol. 29 No. 2, page 480.
h11i USP Reference Standards—See PF Vol. 22 No. 6, page 3212;

PF Vol. 23 No. 4, page 4500; PF Vol. 23 No. 6, page 5180; PF
Vol. 24 No. 5, page 6925; PF Vol. 25 No. 3, page 8222; PF
Vol. 25 No. 4, page 8561; PF Vol. 25 No. 5, page 8893; PF
Vol. 25 No. 6, page 9222; PF Vol. 26 No. 1, page 218; PF Vol.
26 No. 2, page 471; PF Vol. 26 No. 3, page 793; PF Vol. 26
No. 4, page 1101; PF Vol. 26 No. 5, page 1369; PF Vol. 26
No. 6, page 1606; PF Vol. 27 No. 1, page 1832; PF Vol. 27
No. 2, page 2268; PF Vol. 27 No. 3, page 2594; PF Vol. 27
No. 4, page 2806; PF Vol. 27 No. 5, page 3071; PF Vol. 27
No. 6, page 3348; PF Vol. 28 No. 1, page 111; PF Vol. 28 No.
2, page 433, PF Vol. 28 No. 3, page 839, PF Vol. 28 No. 4,
page 1224, PF Vol. 28 No. 5, page 1468; PF Vol. 28 No. 6,
page 1913; PF Vol. 29 No. 1, page 163; PF Vol. 29 No. 2,
page 483.

Apparatus for Tests and Assays

h41i Weights and Balances—See PF Vol. 26 No. 6, page 1607.

Microbiological Tests

h61i Microbial Limit Tests—See PF Vol. 27 No. 2, page 2269.
h62i Microbiological Procedures for Absence of Objectionable

Microorganisms—See PF Vol. 27 No. 2, page 2269.
h71i Sterility Tests—See PF Vol. 26 No. 4, page 1102.

Chemical Tests and Assays

LIMIT TESTS

h231i Heavy Metals—See PF Vol. 27 No. 3, page 2619.
h267i Porosimetry by Mercury Intrusion—See PF Vol. 24 No. 4,

page 1290.
h281i Residue on Ignition—See PF Vol. 28 No. 1, page 129; PF

Vol. 28 No. 6, page 1915.

OTHER TESTS AND ASSAYS

h311i Alginates Assay—See PF Vol. 26 No. 3, page 643.
h381i Elastomeric Closures for Injections—See PF Vol. 29 No. 1,

page 164.
h429i Light Diffraction Measurement of Particle Size—See PF

Vol. 29 No. 2, page 484.
h518i Solution Calorimetry—See PF Vol. 28 No. 4, page 1299.
h581i Vitamin D Assay—See PF Vol. 26 No. 4, page 1111.
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Physical Tests and Determinations

h601i Aerosols, Metered-Dose Inhjalers, and Dry Powder Inha-
lers—See PF Vol. 28 No. 5, page 1470.

h621i Chromatography—See PF Vol. 29 No. 1, page 170.
h625i Clarity and Degree of Opalescence of Liquids—See PF Vol.

26 No. 6, page 1616.
h627i Degree of Color of Liquids—See PF Vol. 26 No. 6, page

1617.
h643i Total Organic Carbon—See PF Vol. 28 No. 6, page 1921.
h661i Containers—See PF Vol. 29 No. 2, page 490.
h696i Crystallinity Determination by Solution Calorimetry—See

PF Vol. 29 No. 1, page 175.
h699i Density of Solids—See PF Vol. 28 No. 2, page 603.
h730i Inductively Coupled Plasma (ICP)—See PF Vol. 28 No. 6,

page 1922.
h788i Particulate Matter in Injections—See PF Vol. 28 No. 6, page

1930.
h789i Particulate Matter in Ophthalmic Solutions—See PF Vol. 28

No. 5, page 1496.
h795i Pharmaceutical Compounding—Nonsterile Preparations—

See PF Vol. 29 No. 1, page 179.
h811i Powder Fineness—See PF Vol. 28 No. 2, page 611.
h823i Radiopharmaceuticals for Positron Emission Tomography—

Compounding—See PF Vol. 29 No. 2, page 494.
h846i Specific Surface Area—See PF Vol. 28 No. 2, page 612.
h905i Uniformity of Dosage Units—See PF Vol. 28 No. 5, page

1498.
h941i X-Ray Diffraction—See PF Vol. 28 No. 5, page 1500.

General Information

h1010i Analytical Data—Interpretation and Treatment—See PF
Vol. 29 No. 1, page 187.

h1047i Biotechnology-Derived Articles—Tests—See PF Vol. 27
No. 2, page 2277.

h1051i Cleaning Glass Apparatus—See PF Vol. 28 No. 5, page
1503.

h1072i Disinfectants and Antiseptics—See PF Vol. 28 No. 1, page
143.

h1075iGood Compounding Practices—See PF Vol. 29 No. 2, page
497.

h1078i Good Manufacturing Practices for Bulk Pharmaceutical
Excipients—See PF Vol. 28 No. 5, page 1504.

h1080i Bulk Pharmaceutical Excipients—Certificate of Analy-
sis—See PF Vol. 28 No. 5, page 1650.

h1089i In Vitro, Absorption-Indicating Cell Culture System—See
PF Vol. 25 No. 5, page 8733.

h1111i Microbiological Attributes of Nonsterile Pharmaceutical
Products—See PF Vol. 25 No. 2, page 7785.

h1116i Microbiological Evaluation of Clean Rooms and Other
Controlled Environments—See PF Vol. 25 No. 3, page 8264.

h1118iMonitoring Devices—Time, Temperature, and Humidity—
See PF Vol. 29 No. 1, page 206.

h1119i Near Infrared Spectrophotometry—See PF Vol. 28 No. 6,
page 1938.

h1136i Packaging—Unit of Use—See PF Vol. 28 No. 4, page
1302.

h1141i Packaging, Storage, and Distribution of Pharmacopeial Ar-
ticles—See PF Vol. 26 No. 2, page 493.

h1151i Pharmaceutical Dosage Forms—See PF Vol. 26 No. 2,
page 499.

h1160i Pharmaceutical Calculations in Prescription Compound-
ing—See PF Vol. 29 No. 1, page 224.

h1172i Photostability Testing—See PF Vol. 26 No. 2, page 384.
h1174i Powder Flow—See PF Vol. 28 No. 2, page 618.
h1175i Preformulation Guidelines—See PF Vol. 26 No. 6, page

1672.
h1186i Shipping and Storage of Labile Preparations—See PF Vol.

28 No. 2, page 495.
h1191i Stability Consideration in Dispensing Practice—See PF

Vol. 28 No. 1, page 112.

h1195i Significant Change Guide for Bulk Pharmaceutical Excipi-
ents—See PF Vol. 28 No. 5, page 1662.

h1198i Standardized Imprint Codes for Solid Oral Dosage
Forms—See PF Vol. 28 No. 1, page 152.

h1206i Sterile Drug Products for Home Use—See PF Vol. 28 No.
2, page 498.

h1209i Sterilization—Chemical and Physicochemical Indicators
and Integrators—See PF Vol. 29 No. 1, page 243.

h1216i Tablet Friability—See PF Vol. 25 No. 1, page 7466.
h1222i Terminally Sterilized Pharmaceutical Products—Para-

metric Release—See PF Vol. 29 No. 1, page 247.
h1223i Validation of Alternative Microbiological Methods—See

PF Vol. 29 No. 1, page 256.
h1230iWater for Health Applications—See PF Vol. 28 No. 5, page

1672.
h1265i Written Prescription Drug Information—Guidelines—See

PF Vol. 28 No. 5, page 1539.

REAGENTS, INDICATORS, AND SOLUTIONS

Reagent Specifications

2-Acetamidophenol—See PF Vol. 25 No. 6, page 9107.
Agarose—See PF Vol. 27 No. 6, page 3363.
Air-Nitrous Oxide Certified Standard—See PF Vol. 28 No. 4, page

1234.
Ammonium Pyrrolidinedithiocarbamate—See PF Vol. 27 No. 5,

page 3115.
Anti-A Blood Grouping Reagent, Anti-B Blood Grouping Re-

agent, and Anti-A,B Blood Grouping Reagent—See PF Vol.
29 No. 2, page 505.

Anti-D (Rho) Reagent—See PF Vol. 29 No. 2, page 505.
Anti-D Reagent—See PF Vol. 29 No. 2, page 506.
Antihuman Globulin Reagent—See PF Vol. 29 No. 2, page 506.
Antithrombin III for Amidolytic Test—See PF Vol. 29 No. 1, page

264.
Bacterial Alkaline Protease Preparation—See PF Vol. 28 No. 2,

page 552.
Barbituric Acid—See PF Vol. 29 No. 1, page 265.
Benzil—See PF Vol. 28 No. 4, page 1305.
Blood Group A1 and Blood Group B Red Blood Cells—See PF

Vol. 29 No. 2, page 506.
Bromelain—See PF Vol. 28 No. 2, page 552.
Bromobimane—See PF Vol 25 No. 2, page 7804.
Branched Polymeric Sucrose—See PF Vol. 27 No. 6, page 3363.
1,4-Butanediol—See PF Vol 25 No. 5, page 8747.
Butyrolactone—See PF Vol. 22 No. 6, page 3248.
dl-Camphene—See PF Vol. 28 No. 6, page 1951.
Capric Acid—See PF Vol 25 No. 5, page 8749.
Cesium Chloride—See PF Vol. 28 No. 3, page 849.
0.5 M Copper Sulfate Solution—See PF Vol. 26 No. 5, page 1382.
Cyclohexylmethanol—See PF Vol. 28 No. 3, page 849.
DEAE-Agarose—See PF Vol. 29 No. 1, page 265.
Deoxyadenosine Triphosphate—See PF Vol. 27 No. 6, page 3364.
Deoxycytidine Triphosphate—See PF Vol. 27 No. 6, page 3364.
Deoxyguanosine Triphosphate—See PF Vol. 27 No. 6, page 3364.
Deoxyribonucleic Acid Polymerase—See PF Vol. 27 No. 6, page

3365.
Deoxythymidine Triphosphate—See PF Vol. 27 No. 6, page 3365.
Dibutylammonium Phosphate—See PF Vol. 26 No. 4, page 1132.
Dicyclohexyl—See PF Vol. 28 No. 3, page 849.
Dicyclohexyl Phthalate—See PF Vol. 26 No. 2, page 504.
Diethylpyrocarbonate—See PF Vol. 27 No. 6, page 3365.
Diisobutylene—See PF Vol. 28 No. 4, page 1305.
N,N-Dimethyldodecylamine-N-oxide—See PF Vol. 27 No. 4, page

2837.
2,5-Dimethylphenol—See PF Vol. 27 No. 6, page 3364.
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl Tetrazolium Bro-

mide—See PF Vol. 27 No. 6, page 3365.
Dioleoylglycerol—See PF Vol. 26 No. 6, page 1622.
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1,2-Dioleoyl-3-linoleoyl-rac-glycerol—See PF Vol. 28 No. 3, page
849.

Disodium Arsenate—See PF Vol. 28 No. 4, page 1305.
Drabkin’s Reagent—See PF Vol. 29 No. 2, page 507.
Escin—See PF Vol. 27 No. 4, page 2837.
17a-Estradiol—See PF Vol. 27 No. 2, page 2278.
Ethidium Bromide—See PF Vol. 27 No. 6, page 3366.
Ethylbenzene—See PF Vol. 28 No. 3, page 850.
Ferulic Acid—See PF Vol. 28 No. 6, page 1951.
9-Fluorenylmethyl Chloroformate—See PF Vol. 25 No. 5, page

8916.
Formamide, Anhydrous—See PF Vol. 27 No. 5, page 3115.
Glucose—See PF Vol. 28 No. 3, page 850.
L-Glutamic Acid—See PF Vol. 27 No. 6, page 3366.
L-Glutamine—See PF Vol. 27 No. 6, page 3366.
Guanidine Isothiocyanate—See PF Vol. 27 No. 6, page 3366.
Heptafluorobutyric Acid—See PF Vol. 26 No. 4, page 1132.
Hexadecane—See PF Vol. 28 No. 4, page 1305.
Hexadimethrine Bromide—See PF Vol. 29 No. 1, page 265.
Hexamethylenetetramine—See PF Vol. 28 No. 3, page 850.
L-Histidine Hydrochloride Monohydrate—See PF Vol. 27 No. 6,

page 3366.
Homatropine Hydrobromide—See PF Vol. 28 No. 4, page 1305.
Hydrocodone Diol—See PF Vol. 28 No. 4, page 1306.
IgG-Coated Red Cells—See PF Vol. 29 No. 2, page 507.
Iodoethane—See PF Vol. 24 No. 6, page 7327.
Isoferulic Acid—See PF Vol. 27 No. 4, page 2837.
Isomaltotriose—See PF Vol. 28 No. 6, page 1952.
Lanthanum Chloride—See PF Vol. 29 No. 2, page 507.
Lanthanum Oxide—See PF Vol. 28 No. 3, page 851.
Lead Acetate Paper—See PF Vol. 29 No. 1, page 265.
Linoleic Acid—See PF Vol. 27 No. 6, page 3367.
a-Lipoic Acid—See PF Vol. 27 No. 6, page 3367.
2-Methyl-5-nitroimidazole—See PF Vol. 25 No. 2, page 7804.
3-Methyl-2-benzothiazolinone Hydrazone Hydrochloride—See

PF Vol. 25 No. 3, page 8280.
Monooleoylglycerol—See PF Vol. 26 No. 6, page 1622.
Nickel(II) Sulfate Heptahydrate—See PF Vol. 27 No. 5, page 3116.
Nitric Acid, Lead-Free—See PF Vol. 28 No. 3, page 851.
Nonylphenol Polyoxyethylene Ether—See PF Vol. 27 No. 6, page

3368.
Oligo-deoxythymidine—See PF Vol. 27 No. 6, page 3368.
Pentadecanoic Acid Methyl Ester—See PF Vol. 26 No. 6, page

1622.
o-Phenanthroline Monohydrochloride Monohydrate—See PF Vol.

27 No. 1, page 1904.
Phenol Red, Sodium—See PF Vol. 27 No. 6, page 3368.
Polyoxyethylene (23) Lauryl Ether—See PF Vol. 29 No. 2, page

507.
Polyoxyethylene (20) Sorbitan Monolaurate—See PF Vol. 27 No.

6, page 3368.
Protocatechuic Acid—See PF Vol. 28 No. 6, page 1952.
Putrescine Dihydrochloride—See PF Vol. 27 No. 6, page 3369.
Pyruvic Acid—See PF Vol. 28 No. 5, page 1542.
Red-Cell Lysing Agent—See PF Vol. 29 No. 2, page 507.
Reverse Transcriptase—See PF Vol. 27 No. 6, page 3369.
Ribonuclease Inhibitor—See PF Vol. 27 No. 6, page 3369.
Sodium Iodate—See PF Vol. 27 No. 6, page 3369.
Tetrahydro-2-furancarboxylic Acid—See PF Vol. 25 No. 5, page

8748.
N-(2-Tetrahydrofuroyl)piperazine—See PF Vol. 25 No. 5, page

8748.
1,1,4,4-Tetraphenyl-1,3-butadiene—See PF Vol. 26 No. 6, page

1623.
Thymidine—See PF Vol. 27 No. 6, page 3369.
Trioleoylglycerol—See PF Vol. 26 No. 6, page 1623.
Tropine—See PF Vol. 28 No. 4, page 1306.
L-Tyrosine Disodium—See PF Vol. 27 No. 6, page 3370.

Vinyl Acetate—See PF Vol. 21 No. 2, page 466.
2-Vinylpyridine—See PF Vol. 26 No. 2, page 504.
1-Vinyl-2-pyrrolidone—See PF Vol. 22 No. 6, page 3249.
m-Xylene—See PF Vol. 28 No. 6, page 1952.
Zinc Sulfate Heptahydrate—See PF Vol. 26 No. 2, page 504.

Indicator Test Papers

Methyl Green—See PF Vol. 28 No. 4, page 1306.
Methyl Green—Iodomercurate Paper—See PF Vol. 28 No. 4, page

1306.
Nickel Standard Solution TS—See PF Vol. 27 No. 5, page 3117.
Ninhydrin TS—See PF Vol. 28 No. 3, page 852.
Perchloric Acid TS—See PF Vol. 27 No. 1, page 1905.

Test Solutions

Cupric Citrate TS—See PF Vol. 27 No. 5, page 3117.
Ferroin TS—See PF Vol. 27 No. 1, page 1905.
Nickel Standard Solution TS—See PF Vol. 27 No. 5, page 3117.
Perchloric Acid TS—See PF Vol. 27 No. 1, page 1905.

Volumetric Solutions

Hydrochloric Acid, Alcoholic, Tenth-Molar (0.1 M)—See PF Vol.
28 No. 4, page 1235.

Potassium Hydroxide, Alcoholic, Tenth Molar (0.1 M)—See PF
Vol. 28 No. 4, page 1235.

Tetrabutylammonium Hydroxide in Methanol/Isopropyl Alcohol,
0.1 N—See PF Vol. 29 No. 2, page 508.

Reagent Footnotes

Footnote 85—See PF Vol. 26 No. 4, page 1133.
Footnote 87—See PF Vol. 26 No. 5, page 1383.
Footnote 99—See PF Vol. 27 No. 6, page 3374.
Footnote 100—See PF Vol. 27 No. 6, page 3374.
Footnote 101—See PF Vol. 27 No. 6, page 3374.
Footnote 102—See PF Vol. 27 No. 6, page 3374.
Footnote 103—See PF Vol. 28 No. 2, page 554.
Footnote 105—See PF Vol. 28 No. 6, page 1952.
Footnote 106—See PF Vol. 29 No. 1, page 266.
Footnote 107—See PF Vol. 29 No. 2, page 508.
Footnote 108—See PF Vol. 29 No. 2, page 508.
Footnote 109—See PF Vol. 29 No. 2, page 508.

REFERENCE TABLES

Container Specifications for Capsules and Tablets—See PF Vol. 25
No. 5, page 8860; PF Vol. 25 No. 6, page 9176; PF Vol. 26
No. 1, page 145; PF Vol. 26 No. 3, page 836; PF Vol. 26 No.
4, page 1133; PF Vol. 26 No. 5, page 1384; PF Vol. 27 No. 1,
page 1906; PF Vol. 27, No. 3, page 2597; PF Vol. 27 No. 5,
page 3118; PF Vol. 28 No. 3, page 852; PF Vol. 28 No. 4, page
1235; PF Vol. 28 No. 6, page 1952; PF Vol. 29 No. 1, page
266; PF Vol. 29 No. 2, page 508.

Description and Relative Solubility of USP and NF Articles—See
PF Vol. 23 No. 6, page 5310; PF Vol. 24 No. 5, page 7017; PF
Vol. 25 No. 3, page 8282; PF Vol. 25 No. 4, page 8589; PF
Vol. 25 No. 5, page 8917; PF Vol. 25 No. 6, page 9254; PF
Vol. 26 No. 2, page 504 and 505; PF Vol. 26 No. 3, page 837;
PF Vol. 26 No. 4, page 1135; PF Vol. 26 No. 5, page 1385; PF
Vol. 27 No. 1, page 1907; PF Vol. 27 No. 2, page 2281; PF
Vol. 27 No. 4, page 2839; PF Vol. 27 No. 5, page 3120; PF
Vol. 27 No. 6, page 3374; PF Vol. 28 No. 2, page 554, PF Vol.
28 No. 3, page 853, PF Vol. 28 No. 4, page 1236, PF Vol. 28
No. 5, page 1542; PF Vol. 28 No. 6, page 1953; PF Vol. 29
No. 1, page 266; PF Vol. 29 No. 2, page 509.
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GENERAL NOTICES AND REQUIREMENTS

‘‘Official’’ and ‘‘Official Articles’’—See PF Vol. 28 No. 1, page
88.

NF MONOGRAPHS

Alfadex—See PF Vol. 28 No. 5, page 1611.
Amminio Methacrylate Copolymer Dispersion—See PF Vol. 28

No. 2, page 628.
Ammonium Sulfate—See PF Vol. 29 No. 1, page 136.
Aspartame Acesulfame—See PF Vol. 29 No. 2, page 453.
Butylparaben—See PF Vol. 28 No. 2, page 572.
Candelilla Wax—See PF Vol. 29 No. 1, page 138.
Caprylocaproyl Macrogolglycerides—See PF Vol. 26 No. 2, page

448.
Carboxymethylcellulose Calcium—See PF Vol. 23 No. 6, page

5063.
Low-Substituted Carboxymethylcellulose Sodium—See PF Vol.

28 No. 5, page 1617.
Carboxymethylcellulose Sodium Suspension—See PF Vol. 25 No.

3, page 8088.
Cellulose Acetate Butyrate—See PF Vol. 25 No. 2, page 7861.
Microcrystalline Cellulose—See PF Vol. 28 No. 6, page 1893.
Cetrimonium Bromide—See PF Vol. 29 No. 1, page 139.
Chondroitin Sulfate Sodium—See PF Vol. 29 No. 2, page 456.
Chondroitin Sulfate Tablets—See PF Vol. 29 No. 2, page 459.
Black Cohosh—See PF Vol. 28 No. 5, page 1455.
Powdered Black Cohosh—See PF Vol. 28 No. 5, page 1460.
Powdered Black Cohosh Extract—See PF Vol. 28 No. 5, page

1461.
Black Cohosh Tablets—See PF Vol. 28 No. 5, page 1462.
Copovidone—See PF Vol. 24 No. 5, page 6891.
Coriander Oil—See PF Vol. 28 No. 5, page 1464.
Corn Syrup—See PF Vol. 28 No. 2, page 403.
Corn Syrup Solids—See PF Vol. 28 No. 6, page 1894.
High Fructose Corn Syrup—See PF Vol. 28 No. 2, page 408.
Cottonseed Oil, Hydrogenated—See PF Vol. 29 No. 1, page 141.
Croscarmellose Sodium—See PF Vol. 23 No. 3, page 4007.
Crospovidone—See PF Vol. 24 No. 1, page 5482.
Dibutyl Phthalate—See PF Vol. 28 No. 5, page 1619.
Diethylene Glycol Monostearate—See PF Vol. 28 No. 5, page

1621.
Dimethicone—See PF Vol. 29 No. 1, page 142.
Docosahexaenoic Acid—See PF Vol. 26 No. 6, page 1648.
Docosahexaenoic Acid Capsules—See PF Vol. 26 No. 6, page

1651.
Docosahexaenoic Acid Oil—See PF Vol. 26 No. 6, page 1652.
Eleuthero—See PF Vol. 26 No. 6, page 1596.
Ethylene Glycol Monostearate—See PF Vol. 28 No. 5, page 1622.
Ethylparaben—See PF Vol. 28 No. 2, page 574.
Gellan Gum—See PF Vol. 29 No. 2, page 462.
Ginger Capsules—See PF Vol. 28 No. 3, page 814.
Powdered Ginkgo Extract—See PF Vol. 27 No. 2, page 2233.
Ginkgo Capsules—See PF Vol. 27 No. 2, page 2238.
Ginkgo Tablets—See PF Vol. 27 No. 2, page 2240.
American Ginseng—See PF Vol. 27 No. 2, page 2243.
Powdered American Ginseng—See PF Vol. 27 No. 2, page 2247.
Asian Ginseng Capsules—See PF Vol. 26 No. 3, page 775.
Glucosamine and Chondroitin Sulfate Tablets—See PF Vol. 29 No.

2, page 463.
Glyceryl Distearate—See PF Vol. 29 No. 2, page 464.
Glyceryl Monolinoleate—See PF Vol. 29 No. 2, page 466.
Glyceryl Monooleate—See PF Vol. 29 No. 2, page 468.
Goldenseal—See PF Vol. 27 No. 2, page 2255.
Powdered Hawthorn Leaf with Flower—See PF Vol. 26 No. 5,

page 1362.
Hydrogenated Soybean Oil—See PF Vol. 28 No. 5, page 1631.
Hymetellose—See PF Vol. 28 No. 5, page 1633.
Hypromellose Acetate Succinate—See PF Vol. 29 No. 1, page 142.
Kava—See PF Vol. 28 No. 1, page 100.
Powdered Kava—See PF Vol. 28 No. 1, page 104.
Powdered Kava Extract—See PF Vol. 28 No. 3, page 815.

Semisolid Kava Extract—See PF Vol. 28 No. 3, page 817.
Kava Capsules—See PF Vol. 28 No. 3, page 818.
Kava Tablets—See PF Vol. 28 No. 3, page 820.
Lauroyl Macrogolglycerides—See PF Vol. 26 No. 2, page 456.
Lemon Tincture—See PF Vol. 28 No. 5, page 1464.
Licorice—See PF Vol. 26 No. 5, page 1363.
Powdered Licorice Extract—See PF Vol. 26 No. 5, page 1365.
Linoleoyl Macrogolglycerides—See PF Vol. 26 No. 2, page 457.
Lutein—See PF Vol. 29 No. 2, page 470.
Lutein Preparation—See PF Vol. 29 No. 2, page 472.
Magnesium Stearate—See PF Vol. 29 No. 2, page 474.
Maltitol Solution—See PF Vol. 29 No. 1, page 146.
Maltose—See PF Vol. 29 No. 1, page 148.
Methylparaben—See PF Vol. 28 No. 52 page 575.
Milk Thistle Capsules—See PF Vol. 29 No. 2, page 479.
Monosodium Glutamate—See PF Vol. 28 No. 3, page 826.
Nettles—See PF Vol. 28 No. 1, page 105.
Powdered Nettles—See PF Vol. 28 No. 1, page 108.
Powdered Nettles Extract—See PF Vol. 28 No. 1, page 109.
Oleic Acid—See PF Vol. 28 No. 6, page 1898.
Oleoyl Macrogolglycerides—See PF Vol. 26 No. 2, page 459.
Compound Orange Spirit—See PF Vol. 28 No. 5, page 1466.
Phenolsulfonphthalein—See PF Vol. 28 No. 6, page 1899.
2-Phenoxyethanol—See PF Vol. 28 No. 6, page 1900.
Maritime Pine—See PF Vol. 28 No. 6, page 1903.
Maritime Pine Extract—See PF Vol. 28 No. 6, page 1905.
Polyethylene Glycol—See PF Vol. 28 No. 6, page 1908.
Vitamin E Polyethylene Glycol Succinate—See PF Vol. 28 No. 6,

page 1909.
Polyisobutylene—See PF Vol. 29 No. 1, page 150.
Polyoxyl Lauryl Ether—See PF Vol. 28 No. 5, page 1640.
Polyoxyl Oleate—See PF Vol. 28 No. 5, page 1641.
Polyoxyl Stearyl Ether—See PF Vol. 28 No. 5, page 1642.
Propylene Glycol Monostearate—See PF Vol. 29 No. 2, page 479.
Propylparaben—See PF Vol. 28 No. 2, page 581.
Sorbitol—See PF Vol. 29 No. 1, page 152.
Anhydrized Liquid Sorbitol—See PF Vol. 29 No. 1, page 154.
Sorbitol Solution—See PF Vol. 28 No. 3, page 787.
Noncrystallizing Sorbitol Solution—See PF Vol. 29 No. 1, page

156.
Starch—See PF Vol. 28 No. 3, page 837.
Modified Starch—See PF Vol. 27 No. 3, page 2629.
Pregelatinized Starch—See PF Vol. 29 No. 1, page 151.
Pregelatinized Modified Starch—See PF Vol. 27 No. 3, page 2630.
Tapioca Starch—See PF Vol. 28 No. 3, page 838.
Stearic Acid—See PF Vol. 29 No. 2, page 480.
Stearoyl Macrogolglycerides—See PF Vol. 26 No. 2, page 467.
Sunflower Oil—See PF Vol. 27 No. 4, page 2803.
Talc—See PF Vol. 29 No. 1, page 157.
Tobramycin Inhalation Solution—See PF Vol. 28 No. 3, page 789.
Tolu Balsam Syrup—See PF Vol. 28 No. 5, page 1467.
Tolu Balsam Tincture—See PF Vol. 28 No. 5, page 1468.
Tribasic Sodium Phosphate—See PF Vol. 29 No. 1, page 162.
Medium-Chain Triglycerides—See PF Vol. 29 No. 2, page 475.
Valerian Capsules—See PF Vol. 27 No. 1, page 1825.

NUTRITIONAL SUPPLEMENTS

MONOGRAPHS

Minerals Capsules—See PF Vol. 28 No. 5, page 1543.
Minerals Tablets—See PF Vol. 28 No. 5, page 1543.
Oil- and Water-Soluble Vitamins Tablets—See PF Vol. 28 No. 5,
page 1544.
Oil- and Water-Soluble Vitamins with Minerals Capsules—See PF
Vol. 28 No. 5, page 1544.
Oil- and Water-Soluble Vitamins with Minerals Tablets—See PF
Vol. 29 No. 2, page 510.
Oil-Soluble Vitamins Tablets—See PF Vol. 28 No. 5, page 1547.
Water-Soluble Vitamins with Minerals Capsules—See PF Vol. 28
No. 5, page 1547.
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Water-Soluble Vitamins with Minerals Tablets—See PF Vol. 28
No. 5, page 1548.

NUTRITIONAL SUPPLEMENTS

GENERAL CHAPTERS

h2021i Microbial Limit Testsã Nutritional Supplements—See PF
Vol. 29 No. 1, page 268.
h2022i Microbiological Procedures for Absence of Objectionable
Microorganisms in Nutritional and Dietary Articles—See PF Vol.
29 No. 1, page 287.

h2023i Microbiological Attributes of Nonsterile Nutritional and
Dietary Supplements—See PF Vol. 29 No. 1, page 296.
h2040i Disintegration and Dissolution of Nutritional Supple-
ments—See PF Vol. 29 No. 2, page 513.
h2091i Uniformity of Dietary Supplement Intake Units—See PF
Vol. 28 No. 5, page 1549.
h2750iManufacturing Practices for Nutritional Supplements—See
PF Vol. 28 No. 2, page 534.
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Proposed Revisions and New Text Previously Presented in PF but Now Canceled

(Canceled proposals may be republished at any time in a future number of Pharmacopeial Forum.)

[PF 29(1)–PF 29(6)]

PF Volume, Issue, and Page Numbers of Canceled Proposals
Title and Proposal Vol. No. Page(s)

General Notices
Preservation, Packaging, Storage, and Labeling 26 3 653
USP Monographs
{Amoxicillin and Clavulanate Potassium for Oval
Suspension—Water

28 5 1390

Bacitracin—Identification 28 3 745
Cabergoline (new) 24 6 7141
Cabergoline Tablets (new) 24 6 7142
Carbon Dioxide—Air, Assay 28 4 1082
Carboxymethylcellulose Sodium (new) 26 5 1403
Desonide (new) 22 3 2275
Desonide Cream (new) 22 3 2276
Desonide Ointment (new) 22 3 2277
Dihydroergotamine Mesylate (entire submission) 24 1 5562
Dihydroergotamine Mesylate Injection—Chromatographic

purity, Assay
24 1 5564

Enalaprilat Injection (new) 19 4 5587
Enoxaparin Sodium (new) 22 6 3031
Enoxaparin Sodium Injection (new) 22 6 3038
Epinephryl Borate Ophthalmic Solution—USP
Reference standards, Assay

23 3 3991

Fluoxetine Capsules—Chromatographic purity, Related
compounds, Assay

27 2 2150

Gabapentin (new) 27 5 3004
Mecamylamine Hydrochloride (entire submission) 28 2 320
Hydroxypropyl Methylcellulose—Harmonization (new) 24 5 6726
Methylcellulose—Harmonization (new) 24 5 6737
Montelukast Sodium (new) 24 6 7160
Montelukast Sodium Tablets (new) 24 6 7162
Morphine Sulfate Extended-Release Capsules (new) 25 4 8426
{Oxybutynin Chloride—Chromatographic purity 26 6 1561
Perflutren Protein-Type A Microspheres for Injection
[Former title: Albumin Encapsulated Octafluoropropane
Microspheres for Injection] (new)

27 4 2769

Povidone (entire submission) 22 6 3163
Sertraline Hydrochloride (new) 24 6 7179
Sertraline Hydrochloride Tablets (new) 24 6 7181
Sulindac—Chromatographic purity 25 5 8879
Sulindac Tablets 25 5 8880
Sunflower Oil—Briefing 27 4 2779
Titanium Dioxide (new) 24 2 5796
Sterile Water for Injection—pH, Other requirements 27 4 2787
Vancomycin—Chromatographic purity, Labeling 27 4 2783
Vancomycin Hydrochloride—Labeling, Other requirements 27 4 2784
Vancomycin Injection—Chromatographic purity 27 4 2784
Vancomycin Hydrochloride for Injection—Chromatographic

purity
27 4 2786

Vancomycin for Injection (entire submission) 27 4 2785
Sterile Vancomycin Hydrochloride—Title 27 4 2786
USP General Test Chapters
h11i USP Reference Standards
USP Povidone RS
USP Sulindac Related Compound A RS

20
25

5
5

8060
8893

h661i Containers—Polypropylene Containers (added) 26 4 1117
h786i Particle Size Distribution Estimation by
Analytical Sieving—Harmonization

25 1 7460

USP General Information Chapters
h1010i Analytical Data—Interpretation and Treatment 27 5 3086–3100
NF Monographs
Benzyl Alcohol (entire submissions) 27 4 2790, 2855
Cellulose Acetate 23 5 4677
Dimethicone—Bacterial endotoxins 28 3 813
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PF Volume, Issue, and Page Numbers of Canceled Proposals
Title and Proposal Vol. No. Page(s)

Hydroxyethyl Cellulose (entire submission) 20 6 8311
Hydroxypropyl Beta Cyclodextrin (new) 24 6 7284
Silicon Dioxide (entire submission) 24 6 7191
Colloidal Silicon Dioxide—Harmonization 24 6 7187, 7194
Sodium Starch Glycolate (entire submission) 22 6 3202
Rice Starch (new) 23 4 4348
Stearic Acid—Harmonization 20

28
6
2

8313
583

Sucrose (entire submission) 22 6 3206
Reagents, Indicators, and Solutions
2-Isopropylphenol (new) 27 4 2838

{New cancellations in 29(3).
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HARMONIZATION
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial Discussion Group (PDG).

The PDG consists of the United States Pharmacopeia (USP), the European Pharmacopoeia (EP), and the Japanese Pharma-

copoeia (JP). The process of harmonization is composed of several steps (Stages).

Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating pharmacopeia for each

item. The PDG distributes the work by consensus among the three participating pharmacopeias. Harmonization may be car-

ried out retrospectively for existing monographs or chapters, or prospectively for new monographs or chapters.

Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia results in the preparation of

a Stage 3 draft monograph or chapter accompanied by a report giving the rationale for the proposal and including validation

data where appropriate. This report is based on input that comes from users, authorities, producers, associations, literature,

experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two pharmacopeias. The coordinating

pharmacopeia reviews those comments, prepares a harmonized Stage 4 draft, and sends it to the other two participating

pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In PF, this stage appears as

OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each pharmacopeia analyzes the comments it receives and

submits the consolidated comments to the coordinating pharmacopeia, which then reviews those comments, prepares a har-

monized Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When consensus is reached, a

CONSENSUS STAGE 5B document is prepared by the coordinating pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other two participating

pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to its own procedure.

Adopted items are published by the three pharmacopeias in their Supplements or, where applicable, in a new edition of their

Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of implementation in the particular

region.
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This section contains potential revisions not yet targeted for official adoption. These may include drafts for new monographs

or chapters; drafts for standards that would require new or unusual technology; drafts for which more data are required; or

changes that would affect numerous monographs, thus having a broad impact on individual products. Readers should review

the drafts in this section and provide comments to the appropriate staff liaison whose name is cited in the Briefing (use the

Staff Directory to find the contact information).

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

BRIEFING

Name of Item, citations of the most recent USP publications in which this item appeared. Rationale for the

revision. Other relevant information. (For example, if a chromatographic method is being used, column spe-

cifications and retention times for compounds of interest.) Finally, the Committee designation (seeHow To Use

PF), the name of the scientific staff liaison who handled this item, and USP tracking correspondence number,

as shown in the example below:

(PA5: K. Russo) RTS—55678-1

Symbols No symbols are used in this section, as Previews are not yet targeted for official adoption.
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MONOGRAPHS (USP)

BRIEFING

Diluted Isosorbide Mononitrate, page 933 of PF 28(3) [May–
June 2002]. On the basis of comments received, it is proposed to
include the test for Organic volatile impurities to conform with the
monograph for Diluted Isosorbide Dinitrate. In accordance with
the Packaging, Storage, and Distribution Expert Committee recom-
mendation, a storage requirement is added to the Packaging and
storage section.

(PA5: A. Wilk) RTS—39089-1

Add the following:

Diluted Isosorbide Mononitrate

C6H9NO6 191.14

D-Glucitol, 1,4:3,6-dianhydro-, 5-nitrate.

1,4:3,6-Dianhydro-D-glucitol 5-nitrate [16051-77-7].

» Diluted Isosorbide Mononitrate is a dry mixture

of isosorbide mononitrate (C6H9NO6) with lac-

tose or other suitable excipients to permit safe

handling. It contains not less than 87.5 percent

and not more than 92.5 percent (w/w) of isosor-

bide mononitrate (C6H9NO6).

Packaging and storage—Preserve in tight containers.

Store at a temperature between 208 and 308.

USP Reference standards h11i—USP Diluted Isosorbide

Dinitrate RS. USP Isosorbide RS. USP Isosorbide Mononi-

trate RS. USP Isosorbide Mononitrate Related Compound A

RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the chromat-

ogram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

pH h791i: between 4.8 and 6.5. To prepare the test solution,

dissolve 5.6 g of Diluted Isosorbide Mononitrate in 50 mL

of boiling water, sonicate for 5 minutes, and allow to cool to

room temperature.

Water,Method I h921i: between 0.4% and 0.8%. Proceed as

directed for hygroscopic materials. To 1.0 g of sample, ac-

curately weighed, add 5 mL of methanol, shake for 30 min-

utes, and centrifuge at about 2500 rpm for 5 minutes. Use

1.0 mL of the resulting supernatant.

Residue on ignition h281i: not more than 0.1%. [Caution—

Material is explosive upon heating; digest the sample thor-

oughly before ignition.]

Heavy metals, Method I h231i: not more than 10 mg per g.

Organic volatile impurities, Method IV h467i: meets the

requirements.

Related compounds—

TEST 1—

Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture.

Standard solution 1—Weigh accurately a quantity of USP

Isosorbide RS, and dilute quantitatively, and stepwise if

necessary, with absolute alcohol to obtain a solution having

a known concentration of about 0.0125 mg of isosorbide per

mL.
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Standard solution 2—Weigh accurately a quantity of USP

Isosorbide RS, and dilute quantitatively, and stepwise if

necessary, with absolute alcohol to obtain a solution having

a known concentration of about 0.025 mg of isosorbide per

mL.

Standard solution 3—Weigh accurately a quantity of USP

Isosorbide RS, and dilute quantitatively, and stepwise if

necessary, with absolute alcohol to obtain a solution having

a known concentration of about 0.05 mg of isosorbide per

mL.

Test solution—Transfer a portion of Diluted Isosorbide

Mononitrate, equivalent to about 200 mg of isosorbide

mononitrate, accurately weighed, to a suitable container,

add 20.0 mL of absolute alcohol, sonicate for 10 minutes,

and then centrifuge. Use the supernatant.

Application volume: 20 mL.

Developing solvent system: a mixture of absolute alcohol

and toluene (8:2).

Procedure—Proceed as directed for Thin-Layer

Chromatography under Chromatography h621i. After de-

veloping, dry the plate with warm air for about 10 minutes,

dip the plate in a solution prepared by dissolving 1.25 g of

potassium permanganate and 10.0 g of sodium hydroxide in

500 mL of water (prepared fresh for each plate), and heat at

1058 for 5 minutes. Any spot in the chromatogram obtained

from the Test solution and corresponding to the RF value of

the spots obtained from the Standard solutions is not more

intense than the spot in the chromatogram obtained from

Standard solution 3: not more than 0.5% of any individual

impurity is found. If the spot in the chromatogram obtained

from the Test solution is nearly as intense as the spot ob-

tained from Standard solution 3, further dilute the Test solu-

tion (1:1) with absolute alcohol, repeat the test, and compare

the intensity of the isosorbide spot in the diluted Test solu-

tion with the intensity of the spots obtained from the Stan-

dard solutions, correcting the percent level for the additional

dilution of the Test solution.

TEST 2—

Mobile phase, Resolution solution, and Chromatographic

system—Proceed as directed in the Assay.

Isosorbide mononitrate related compound A standard

solution—Prepare as directed for Isosorbide mononitrate re-

lated compound A standard preparation in the Assay.

Isosorbide dinitrate standard stock solution—Dissolve an

accurately weighed quantity of USP Diluted Isosorbide Di-

nitrate RS in methanol, sonicate and warm if necessary, and

dilute quantitatively, and stepwise if necessary, with metha-

nol to obtain a solution having a known concentration of

about 0.125 mg of isosorbide dinitrate per mL.

Standard solution—Transfer a quantity of USP Isosorbide

Mononitrate RS, accurately weighed, to a suitable volu-

metric flask. Dissolve in water, quantitatively add a volume

of Isosorbide mononitrate related compound A standard

solution and a volume of Isosorbide dinitrate standard stock

solution, and dilute with water to volume to obtain a solu-

tion having a known concentration of about 2.0 mg of USP

Isosorbide Mononitrate RS per mL, 0.005 mg of isosorbide

mononitrate related compound A per mL, and 0.005 mg of

isosorbide dinitrate per mL. Filter a portion of the solution,

discarding the first few mL of the filtrate.

Test solution—Use the Assay preparation prepared as di-

rected in the Assay.

Procedure—Separately inject equal volumes (about 50

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

areas for the major peaks. Calculate the percentage of iso-

sorbide mononitrate related compound A and isosorbide di-
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nitrate relative to the amount of isosorbide mononitrate in

the portion of Diluted Isosorbide Mononitrate taken by the

formula:

5556(C/W)(rU / rS),

in which C is the concentration, in mg per mL, of the appro-

priate Reference Standard, USP Isosorbide Mononitrate Re-

lated Compound A RS or USP Diluted Isosorbide Dinitrate

RS, in the Standard solution; W is the weight, in mg, of Di-

luted Isosorbide Mononitrate used to prepare the Test solu-

tion; and rU and rS are the peak areas of the corresponding

components obtained from the Test solution and the Stan-

dard solution, respectively: not more than 0.25% of isosor-

bide mononitrate related compound A is found; and not

more than 0.25% of isosorbide dinitrate is found. Calculate

the percentage of each other impurity (other than isosorbide

mononitrate related compound A or isosorbide dinitrate) in

the portion of Diluted Isosorbide Mononitrate taken by the

formula:

100(ri / rs),

in which ri is the peak area for each other impurity obtained

from the Test solution, and rs is the sum of the areas of all the

peaks: not more than 0.5% of total impurities is found in-

cluding isosorbide mononitrate related compound A and

isosorbide dinitrate; and not more than 0.5% of total impu-

rities is found, the results for Test 1 and Test 2 being consid-

ered.

Assay—

Mobile phase—Prepare a filtered and degassed mixture of

water and methanol (95:5). Make adjustments if necessary

(see System Suitability under Chromatography h621i).

Standard preparation—Transfer an accurately weighed

quantity of USP Isosorbide Mononitrate RS to a suitable

volumetric flask, dissolve in water, add a volume of metha-

nol equivalent to 4% of the flask volume, and dilute with

water to volume to obtain a solution having a known con-

centration of about 2.0 mg per mL.

Isosorbide mononitrate related compound A standard

preparation—Dissolve an accurately weighed quantity of

USP Isosorbide Mononitrate Related Compound A RS in

methanol, and dilute quantitatively, and stepwise if neces-

sary, with methanol to obtain a solution having a known

concentration of about 1.0 mg per mL. Quantitatively dilute

a portion of this solution with water to obtain a solution hav-

ing a known concentration of about 0.05 mg per mL

Resolution solution—Transfer 10.0 mL of Isosorbide

mononitrate related compound A standard preparation,

1.0 mL of Standard preparation, and 4.0 mL of methanol

to a 100-mL volumetric flask, and dilute with water to vol-

ume. Filter a portion of the solution, discarding the first few

mL of the filtrate.

Assay preparation—Transfer about 110 mg of Diluted

Isosorbide Mononitrate, accurately weighed, to a 50-mL

volumetric flask, dissolve in about 25 mL of water, add 2

mL of methanol, dilute with water to volume, and mix. Fil-

ter a portion of the solution, discarding the first few mL of

the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 220-nm detec-

tor and a 4-mm 6 12.5-cm column that contains packing

L1. The flow rate is about 1.5 mL per minute, increasing

to 3.0 mL per minute at about 8.5 minutes to ensure that

the isosorbide mononitrate peak has completely eluted.

Chromatograph the Resolution solution, and record the peak

responses as directed for Procedure: the relative retention

times are about 0.8 for isosorbide mononitrate related com-

pound A, 1.0 for isosorbide mononitrate, and 4.1 for isosor-

bide dinitrate; and the resolution, R, between isosorbide

mononitrate related compound A and isosorbide mononi-
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trate is not less than 2.0. Chromatograph the Standard prep-

aration, and record the peak responses as directed for

Procedure: the relative standard deviation for replicate in-

jections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 50

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the areas for the isosorbide mononitrate peaks. Cal-

culate the quantity, in mg, of isosorbide mononitrate

(C6H9NO6) in the portion of Diluted Isosorbide Mononitrate

taken by the formula:

50C(rU / rS),

in which C is the concentration, in mg per mL, of isosorbide

mononitrate in the Standard preparation; and rU and rS are

the peak areas obtained from the Assay preparation and the

Standard preparation, respectively.

USP Reference Standards h11i

Add the following:

USP Isosorbide Mononitrate RS—[To come.]

Add the following:

USP Isosorbide Mononitrate Related Compound A RS

[1,4:3,6-Dianhydro-D-glucitol 2-nitrate] (C6H9NO6

191.14)—[To come.]

Description and Solubility

Add the following:

Diluted Isosorbide Mononitrate—[To come.]

BRIEFING

Isosorbide Mononitrate Extended-Release Tablets, page 939
of PF 28(3) [May–June 2002]. On the basis of comments received,
it is proposed to delete the test for Water. In accordance with PSD
requirements, it is proposed to add a storage requirement to the
Packaging and storage section.

(PA5: A. Wilk) RTS—39088-1

Add the following:

Isosorbide Mononitrate Extended-
Release Tablets

» Isosorbide Mononitrate Extended-Release Tab-

lets contain not less than 90.0 percent and not

more than 110.0 percent of the labeled amount

of isosorbide mononitrate (C6H9NO6).

Packaging and storage—Preserve in tight containers.

Store at a temperature between 28 and 308.

Labeling—[To come.]

USP Reference standards h11i—USP Diluted Isosorbide

Dinitrate RS. USP Isosorbide RS. USP Isosorbide Mononi-

trate RS. USP Isosorbide Mononitrate Related Compound A

RS.

Identification—

A: Thin-Layer Chromatographic Identification Test

h201i—Proceed as directed for Identification test A under

Isosorbide Mononitrate Tablets.
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B: The retention time of the major peak in the chro-

matogram of the Assay preparation corresponds to that in

the chromatogram of the Standard preparation, as obtained

in the Assay.

Drug release h724i—[To come.]

Uniformity of dosage units h905i: meet the requirements

for Content Uniformity. Proceed as directed in the Assay, ex-

cept to use one tablet in place of the portion of powdered

tablets used in the Assay preparation.

Water, Method I h921i: not more than 5.0%.

Test solution—Weigh and finely powder 20 Tablets.

Transfer an accurately weighed portion of the powder,

equivalent to one Tablet, accurately weighed, to a suitable

container. Add 5.0 mL of methanol, shake for 45 minutes,

and then centrifuge at about 4000 rpm for 10 minutes. Use

0.25 mL of the resulting supernatant, correcting for the

blank.

Related compounds—

TEST 1—

Adsorbent: 0.25-mm layer of chromatographic silica gel

mixture.

Standard solution 1—Weigh accurately a quantity of USP

Isosorbide RS, and dilute quantitatively, and stepwise if

necessary, with acetonitrile to obtain a solution having a

known concentration of about 0.0125 mg of isosorbide

per mL.

Standard solution 2—Weigh accurately a quantity of USP

Isosorbide RS, and dilute quantitatively, and stepwise if

necessary, with acetonitrile to obtain a solution having a

known concentration of about 0.025 mg of isosorbide per

mL.

Standard solution 3—Weigh accurately a quantity of USP

Isosorbide RS, and dilute quantitatively, and stepwise if

necessary, with acetonitrile to obtain a solution having a

known concentration of about 0.05 mg of isosorbide per

mL.

Test solution—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the pow-

der, equivalent to about 100 mg of isosorbide mononitrate to

a suitable flask containing 20.0 mL of acetonitrile. Sonicate

for 10 minutes, and then centrifuge. Use the supernatant.

Application volume: 20 mL.

Developing solvent system: a mixture of toluene, ethyl

acetate, and isopropyl alcohol (53:32:15).

Procedure—Proceed as directed for Thin-Layer

Chromatography under Chromatography h621i. After de-

veloping, dry the plate with warm air for about 10 minutes,

dip the plate in a solution prepared by dissolving 1.25 g of

potassium permanganate and 10.0 g of sodium hydroxide in

500 mL of water (prepared fresh for each plate), and heat at

1058 for 5 minutes. Any spot in the chromatogram obtained

from the Test solution and corresponding to the RF value of

the spots obtained from the Standard solutions is not more

intense than the spot in the chromatogram obtained from

Standard solution 3: not more than 1% of any individual

impurity is found. [NOTE—The RF values of isosorbide

and isosorbide mononitrate are about 0.2 and 0.6, respec-

tively.] If the spot in the chromatogram obtained from the

Test solution is nearly as intense as the spot obtained from

Standard solution 3, further dilute the Test solution (1:1)

with acetonitrile, repeat the test, and compare the intensity

of the isosorbide spot in the diluted Test solution with the

intensity of the spots obtained from the Standard solutions,

correcting the percent level for the additional dilution of the

Test solution.
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TEST 2—

Mobile phase—Prepare a filtered and degassed mixture of

water and methanol (75:25). Make adjustments if necessary

(see System Suitability under Chromatography h621i).

Isosorbide mononitrate related compound A standard

stock solution—Dissolve an accurately weighed quantity

of USP Isosorbide Mononitrate Related Compound A RS

in water, and dilute quantitatively, and stepwise if necessary,

with water to obtain a solution having a known concentra-

tion of about 0.3 mg per mL

Isosorbide dinitrate standard stock solution—Dissolve an

accurately weighed quantity of USP Diluted Isosorbide Di-

nitrate RS in methanol, and dilute quantitatively, and step-

wise if necessary, with methanol to obtain a solution having

a known concentration of about 0.15 mg of isosorbide dini-

trate per mL.

Standard stock solution—Transfer 2.0 mL of Isosorbide

mononitrate related compound A standard stock solution

and 4.0 mL of Isosorbide dinitrate standard stock solution

to a 100-mL volumetric flask. Dilute with water to volume,

and mix.

Standard solution—Transfer about 24 mg of USP Isosor-

bide Mononitrate RS, accurately weighed, to a 100-mL

volumetric flask, add 10.0 mL of Standard stock solution,

add 20 mL of methanol, and dilute with water to volume.

Resolution solution—Transfer 10.0 mL of Standard stock

solution and 20 mL of methanol to a 100-mL volumetric

flask. Dilute with water to volume, and mix.

Test solution—Weigh and finely powder not fewer than 20

Tablets. Transfer an accurately weighed portion of the pow-

der, equivalent to about 60 mg of isosorbide mononitrate, to

a 50-mL volumetric flask, add 40 mL of methanol, and son-

icate for about 30 minutes with cooling. Warm to ambient

temperature, dilute with methanol to volume, and mix. Cen-

trifuge at about 3000 rpm for 10 minutes. Quantitatively di-

lute the supernatant (10 in 50) with water. Pass a portion of

this solution through a filter having a 0.45-mm or finer por-

osity, and use the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 220-nm detec-

tor and a 4.6-mm 6 25-cm column that contains packing

L1. The flow rate is about 1.0 mL per minute. Chromato-

graph the Resolution solution, and record the peak responses

as directed for Procedure: the resolution, R, between the iso-

sorbide mononitrate related compound A and the isosorbide

mononitrate is not less than 1.0. [NOTE—The relative reten-

tion times are about 0.9 for isosorbide mononitrate related

compound A, 1.0 for isosorbide mononitrate, and 5.6 for

isosorbide dinitrate.] Chromatograph the Standard solution,

and record the peak responses as directed for Procedure: the

relative standard deviation for replicate injections is not

more than 10% for the isosorbide mononitrate related com-

pound A and isosorbide dinitrate peaks.

Procedure—Separately inject equal volumes (about 100

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

areas for the major peaks. Calculate the percentage of iso-

sorbide mononitrate related compound A and isosorbide di-

nitrate in the portion of Tablets taken by the formula:

25(C/W)(rU / rS),

in which C is the concentration, in mg per mL, of the appro-

priate Standard, USP Isosorbide Mononitrate Related Com-

pound A RS or USP Diluted Isosorbide Dinitrate RS, in the

Standard solution; W is the weight, in mg, of isosorbide

mononitrate in the sample used to prepare the Test solution;

and rU and rS are the peak areas of the corresponding com-

ponent obtained from the Test solution and the Standard

solution, respectively: not more than 0.25% of isosorbide

mononitrate related compound A is found; and not more

than 0.25% of isosorbide dinitrate is found. Calculate the
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percentage of each other impurity (other than isosorbide

mononitrate related compound A or isosorbide dinitrate)

in the portion of Tablets taken by the formula:

100(ri / rs),

in which ri is the peak area for each other impurity obtained

from the Test solution, and rs is the sum of the areas of all the

peaks: not more than 0.25% of total other impurities is

found and not more than 0.5% of total impurities is found,

including isosorbide mononitrate related compound A and

isosorbide dinitrate.

Assay—

Mobile phase—Prepare a filtered and degassed mixture of

water and methanol (8:2). Make adjustments if necessary

(see System Suitability under Chromatography h621i).

Isosorbide mononitrate related compound A standard

preparation—Dissolve an accurately weighed quantity of

USP Isosorbide Mononitrate Related Compound A RS in

water, and dilute quantitatively, and stepwise if necessary,

with water to obtain a solution having a known concentra-

tion of about 0.15 mg per mL.

Resolution solution—Transfer a quantity of USP Isosor-

bide Mononitrate RS, accurately weighed, equivalent to

about 30 mg of isosorbide mononitrate, to a 250-mL volu-

metric flask. Dissolve in water, add 10.0 mL of Isosorbide

mononitrate related compound A standard preparation, add

50 mL of methanol, and dilute quantitatively, and stepwise

if necessary, with water to obtain a solution having a con-

centration of about 0.12 mg of isosorbide mononitrate per

mL and about 0.006 mg of isosorbide mononitrate related

compound A per mL.

Standard preparation—Transfer a quantity of USP Iso-

sorbide Mononitrate RS, accurately weighed, to a suitable

volumetric flask. Dissolve in water, add a portion of metha-

nol equivalent to about 20% of the flask volume, and dilute

with water to volume to obtain a solution having a known

concentration of about 0.12 mg of isosorbide mononitrate

per mL.

Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer an accurately weighed portion of

the powder, equivalent to about 60 mg of isosorbide mono-

nitrate, to a 100-mL volumetric flask, add 50 mL of metha-

nol, and sonicate for about 30 minutes with cooling. Warm

to ambient temperature, dilute with methanol to volume, and

mix. Centrifuge at about 3000 rpm for 10 minutes. Quanti-

tatively dilute the supernatant (10 in 50) with water. Pass a

portion of this solution through a filter having a 0.45-mm or

finer porosity, and use the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 220-nm detec-

tor and a 4-mm 6 12.5-cm column that contains packing

L1. The flow rate is about 1.5 mL per minute. Chromato-

graph the Resolution solution, and record the peak responses

as directed for Procedure: the resolution, R, between isosor-

bide mononitrate related compound A and isosorbide mono-

nitrate is not less than 1.5. Chromatograph the Standard

preparation, and record the peak responses as directed for

Procedure: the tailing factor is not more than 1.5; and the

relative standard deviation for replicate injections is not

more than 1.5%.

Procedure—Separately inject equal volumes (about 50

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the responses for the major peaks. Calculate the

quantity, in mg, of isosorbide mononitrate (C6H9NO6) in

the portion of Tablets taken by the formula:

500C(rU / rS),
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in which C is the concentration, in mg per mL, of isosorbide

mononitrate in the Standard preparation; and rU and rS are

the peak responses obtained from the Assay preparation and

the Standard preparation, respectively.

BRIEFING

Tolcapone; Tolcapone Tablets. Because there is no mono-
graph in USP for this drug substance and dosage form, a new
monograph is being previewed. The validation data for the Assay
and Chromatographic purity tests were obtained using an Eka No-
bel, Kromasil C18, brand name of L1 column. The retention time
of tolcapone is about 7 minutes.

(PA3: S. Salado) RTS—39397-1

Add the following:

Tolcapone

C14H11NO5 273.24

Methanone, (3,4-dihydroxy-5-nitrophenyl)(4-methyl-

phenyl)-3,4-dihydroxy-4’-methyl-5-nitrobenzophe-

none [134308-13-7].

» Tolcapone contains not less than 98.5 percent

and not more than 101.5 percent of C14H11NO5,

calculated on dried and solvent-free basis.

Packaging and storage—Preserve in tight, light-resistant

containers between 208 and 258.

USP Reference standards h11i—USP Tolcapone RS. USP

Tolcapone Related Compound A RS. USP Tolcapone Re-

lated Compound B RS.

Identification—

A: Infrared Absorption h197Ki.

B: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

Absorptivity—

Test Preparation—Prepare a solution of Tolcapone hav-

ing a concentration of 0.01 mg per mL in 0.1 N alcoholic

hydrochloric acid.

Procedure—Proceed as directed under Spectrophotome-

try and Light-Scattering h851i, and measure the absor-

bance: the maximum is between 265.2 and 269.3 and the

absorptivity is between 752.9 and 799.3.

Water, Method I h921i: not more than 0.1%.

Residue on ignition h281i: not more than 0.1%.

Heavy metals, Method II h231i: 0.002%.

Limit of residual solvents—

Alcohol stock solution—Transfer 6.3 mL of absolute alco-

hol, using a microsyringe, to a 50-mL volumetric flask con-

taining dimethylformamide, and mix.

Methylene chloride stock solution—Transfer 3.8 mL of

methylene chloride, using a microsyringe, to a 50-mL volu-

metric flask containing dimethylformamide, and mix.

Standard solution—Transfer 10.0 mL of Alcohol stock

solution and 1.0 mL of Methylene chloride stock solution

to a 50-mL volumetric flask. Dilute with dimethylforma-

mide to volume, and mix.

Test solution—Transfer about 200 mg of Tolcapone, ac-

curately weighed, to a 10-mL volumetric flask, add 7 mL

of dimethylformamide, and sonicate to dissolve. Dilute with

dimethylformamide to volume, and mix.
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Chromatographic system (see Chromatography h621i)—

The gas chromatograph is equipped with a flame-ionization

detector, a 0.53-mm 6 30-m fused silica column coated

with 3.0-mm G43 stationary phase and a 0.53-mm 6 5-m

fused silica column coated with 3.0-mm G3 stationary

phase. The carrier gas is helium, flowing at a rate of 5 mL

per minute. The column is maintained at 358. The tempera-

tures of the injection port and the detector are maintained at

1208 and 2608, respectively. Chromatograph the Standard

solution, and record the peak responses as directed for

Procedure: the relative retention time is about 0.7 for alco-

hol and 1.0 for methylene chloride; and the relative standard

deviation for replicate injections is not more than 10.0%.

Procedure—Separately inject equal volumes (about 1 mL)

of the Standard solution and the Test solution into the chro-

matograph, record the chromatograms, and measure the

peak responses. Calculate the percentages (w/w) of alcohol

and methylene chloride in the portion of Tolcapone taken by

the formula:

(1000D)(C/W)(rU / rS),

in which C is the concentration, in mL per mL, of each sol-

vent in the Standard solution; D is the density, in mg per mL,

of each solvent at 208; W is the weight, in mg, of Tolcapone

taken to prepare the Test solution; and rU and rS are the peak

areas of the appropriate analyte obtained from the Test solu-

tion and the Standard solution, respectively: not more than

0.25% of alcohol is found; and not more than 0.01% of

methylene chloride is found. [NOTE—Condition the column

at 2208 for 15 minutes after each injection.]

Related compounds—

TEST 1—

Adsorbent—0.25-mm layer of chromatographic 5-mm sil-

ica gel mixture with a suitable fluorescing substance (see

Chromatography h621i).

Test solution—Transfer about 200 mg of Tolcapone, ac-

curately weighed, to a 5-mL volumetric flask, dissolve in

and dilute with chloroform to volume, and mix. [NOTE—

Prepare this solution last and chromatograph immediately.]

Standard solution 1—Dissolve an accurately weighed

portion of USP Tolcapone RS in chloroform, and dilute

quantitatively, and stepwise if necessary, with chloroform

to obtain a solution having a known concentration of 0.4

mg per mL.

Standard solution 2—Transfer 2.0 mL of Standard solu-

tion 1 to a 10-mL volumetric flask, dilute with chloroform to

volume, and mix.

Standard solution 3—Transfer 1.0 mL of Standard solu-

tion 1 to a 10-mL volumetric flask, dilute with chloroform to

volume, and mix.

Standard solution 4—Transfer 5.0 mL of Standard solu-

tion 3 to a 100-mL volumetric flask, dilute with chloroform

to volume, and mix.

Application volume: 10 mL.

Developing solvent system—A mixture of chloroform,

formic acid, and ethyl acetate (83:15:2).

Procedure—Apply the Test solution and each of the Stan-

dard solutions as directed for Thin-Layer Chromatography

under Chromatography h621i. Dry the plate in a current of

cold air, and view it under short wavelength UV. The RF val-

ues of analytes are as follows:

Compound RF

Tolcapone related compound A about 0.2

Tolcapone about 0.5

Tolcapone related compound B about 0.7

Compare any spot at RF of 0.0 in the chromatogram obtained

from the Test solution with the main spot of the Standard

solution 2, Standard solution 3, and Standard solution 4,

and obtain the approximate amount: not more than 0.1%
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of any impurity at RF of 0.0 is found. [NOTE—The RF of tol-

capone related compound A and tolcapone related com-

pound B are given just for reference. They are quantified

in Test 2.]

TEST 2—

Diluent, System suitability solution, Mobile phase, and

Chromatographic system—Proceed as directed in the Assay.

Standard solution—Use the Standard preparation pre-

pared as directed in the Assay.

Test solution—Use the Assay preparation prepared as di-

rected in the Assay.

Procedure—Separately inject equal volumes (about 20

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

peak areas. Calculate the percentage of each impurity in the

portion of Tolcapone taken by the formula:

(50,000F)(C/W)(ri / rS),

in which C is the concentration, in mg per mL, of USP Tol-

capone RS in the Standard solution; F is the relative re-

sponse factor of the impurity according to the table below;

W is the weight, in mg, of Tolcapone, calculated on the sol-

vent-and water-free basis, used to prepare the Test solution;

ri is the peak area for any impurity in the Test solution; and rS

is the peak area for tolcapone in the Standard solution: the

impurities meet the requirements given in the table below:

Compound

Name

Relative

Retention

Time

Relative

Response

Factor Limit (%)

Tolcapone

related

compound A

about 0.6 1.14 0.1

Tolcapone 1.0 — —

Compound

Name

Relative

Retention

Time

Relative

Response

Factor Limit (%)

Tolcapone

related

compound B 1.36 0.98 0.2

Unknown

impurities

— 1.0 0.1 individual

0.2 total un-

known

Total impurities — — 0.5

Assay—

Diluent—Prepare a mixture of methanol and acetonitrile

(24:15).

System suitability solution—Dissolve an accurately

weighed quantity of USP Tolcapone Related Compound

A RS, USP Tolcapone RS, and USP Tolcapone Related

Compound B RS in Diluent, and dilute quantitatively, and

stepwise if necessary, with Diluent to obtain a solution hav-

ing a known concentration of about 5 mg per mL, 5 mg per

mL, and 10 mg per mL, respectively. Transfer 2.0 mL of this

solution to a 100-mL volumetric flask, add about 63 mL of

Diluent, dilute with water to volume, and mix.

Mobile phase—Prepare a filtered and degassed mixture of

methanol, 0.05 M monobasic potassium phosphate having a

pH of 2.0 + 0.1 and acetonitrile (8:7:5). Make adjustments

if necessary (see System Suitability under Chromatography

h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Tolcapone RS in Diluent, and dilute quan-

titatively, and stepwise if necessary, with Diluent to obtain a

solution having a known concentration of about 1.0 mg per

mL. Transfer 5.0 mL of this solution to a 50-mL volumetric

flask, add about 27.5 mL of Diluent, dilute with water to

volume, and mix.
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Assay preparation—Transfer about 50 mg of Tolcapone,

accurately weighed, to a 50-mL volumetric flask, dissolve in

and dilute with Diluent to volume, and mix. Transfer 5.0 mL

of this solution to a 50-mL volumetric flask, add about 27.5

mL of Diluent, dilute with water to volume, and mix.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 230-nm detec-

tor and a 4.0-mm 6 25-cm column that contains packing

L1. The flow rate is about 1 mL per minute. Chromatograph

the System suitability solution, and record the peak re-

sponses as directed for Procedure: the relative retention

times are about 0.6 for tolcapone related compound A, 1.0

for tolcapone, and about 1.4 for tolcapone related compound

B; and the resolution, R, between tolcapone related com-

pound B and tolcapone is not less than 4.0. Chromatograph

the Standard preparation, and record the peak responses as

directed for Procedure: the relative standard deviation for

replicate injections is not more than 1.0%.

Procedure—Separately inject equal volumes (about 20

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the areas for the major tolcapone peaks. Calculate

the quantity, in mg, of C14H11NO5 in the portion of Tolca-

pone taken by the formula:

500C(rU / rS),

in which C is the concentration, in mg per mL, of USP Tol-

capone RS in the Standard preparation; and rU and rS are the

peak responses obtained from the Assay preparation and the

Standard preparation, respectively.

h11i USP Reference Standards

Add the following:

USP Tolcapone RS. [To come.]

USP Tolcapone Related Compound A RS [4’-Methyl-3,4-

dihydrobenzophenone] (C14H12O3 228.24)—[To come.]

USP Tolcapone Related Compound B RS [4-Hydroxy-3-

methoxy-4’-methyl-5-nitrobenzophenone] (C15H13NO5

287.27)—[To come.]

Description and Solubility

Add the following:

Tolcapone: Yellow fine powder or fine powder with

lumps.

BRIEFING

Tolcapone Tablets—See briefing under Tolcapone.

(PA3: S. Salado; BPC: M. Marques) RTS—39397-2

Add the following:

Tolcapone Tablets

» Tolcapone Tablets contain not less than 90.0

percent and not more than 110.0 percent of the la-

beled amount of tolcapone (C14H11NO5).

Packaging and storage—Preserve in tight containers be-

tween 208 and 258.

USP Reference standards h11i—USP Tolcapone RS. USP

Tolcapone Related Compound A RS. USP Tolcapone Re-

lated Compound B RS.

Identification—

A: Infrared Absorption—Grind 10 Tablets to a fine pow-

der. Transfer an amount of powder equivalent to 3 mg of

tolcapone, into a polystyrene vial containing two mixing

beads. Add 300 mg of infrared grade potassium bromide,

and disperse the material in the matrix by agitating the
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capped vial in a grinding mill for two minutes. Transfer a

portion of the sample to a sample cup. Record the diffuse

reflectance IR spectrum between 2200 and 1090 cm–1 (see

Spectrophotometry and Light-Scattering h851i). The spec-

trum thus obtained exhibits maxima only at the same wave-

lengths as that of a similar preparation of USP Tolcapone

RS, concomitantly measured.

B: The retention time of the major peak in the chroma-

togram of the Assay preparation corresponds to that in the

chromatogram of the Standard preparation, as obtained in

the Assay.

Dissolution h711i—

Medium: pH 6.8 phosphate buffer containing 1% of so-

dium lauryl sulfate; 900 mL.

Apparatus 2: 75 rpm.

Time: 30 minutes.

Procedure—Determine the amount of C14H11NO5 dis-

solved by employing UV absorption at the wavelength of

maximum absorbance at about 271 nm on filtered portions

of the solution under test, suitably diluted with Dissolution

Medium, if necessary, in comparison with a Standard solu-

tion having a known concentration of USP Tolcapone RS in

the same Medium. Calculate the amount of C14H11NO5 dis-

solved in each Tablet.

Tolerances—Not less than 75% (Q) of the labeled amount

of C14H11NO5 is dissolved in 30 minutes.

Uniformity of dosage units h905i: meet the requirements.

Chromatographic purity—

Diluent 1, Diluent 2, System suitability solution, Mobile

phase, and Chromatographic system—Proceed as directed

in the Assay.

Standard solution—Use the Standard preparation pre-

pared as directed in the Assay.

Test solution—Use the Assay preparation prepared as di-

rected in the Assay.

Procedure—Separately inject equal volumes (about 20

mL) of the Standard solution and the Test solution into the

chromatograph, record the chromatograms, and measure the

areas for the major tolcapone peaks. Calculate the percen-

tage of each impurity in the portion of Tablets taken by

the formula:

(100,000A/D)(C/W)(ri / rS),

in which C is the concentration, in mg per mL, of USP Tol-

capone RS in the Standard solution; A is the average weight,

in mg, of the Tablets; W is the weight, in mg, of tablet pow-

der taken to prepare the Test solution; D is the labeled quan-

tity, in mg, of tolcapone per Tablet; ri is the peak area for any

impurity in the Test solution; and rS is the peak area for tol-

capone in the Standard solution: not more than 0.1% of any

individual impurity is found, and not more than 0.5% of to-

tal impurities is found.

Assay—

Diluent 1—Prepare a mixture of methanol and acetonitrile

(24:15).

# 2003 The United States Pharmacopeial Convention, Inc. All Rights Reserved.

Pharmacopeial Forum
840 PHARMACOPEIAL PREVIEWS Vol. 29(3) [May–June 2003]

P
ha

rm
ac

op
ei

al
P

re
vi

ew
s



Diluent 2—Prepare a mixture of methanol, water, and ace-

tonitrile (8:7:5).

System suitability solution—Dissolve an accurately

weighed quantity of USP Tolcapone RS, USP Tolcapone

Related Compound A RS, and USP Tolcapone Related

Compound B RS in Diluent 2, and dilute quantitatively,

and stepwise if necessary, withDiluent 2 to obtain a solution

having a known concentration of about 104 mg per mL, 10.4

mg per mL, and 10.4 mg per mL, respectively.

Mobile phase—Prepare a filtered and degassed mixture of

methanol, 0.05 M monobasic potassium phosphate having a

pH of 2.0+ 0.1, and acetonitrile (8:7:5). Make adjustments

if necessary (see System Suitability under Chromatography

h621i).

Standard preparation—Dissolve an accurately weighed

quantity of USP Tolcapone RS in Diluent 1, and dilute

quantitatively, and stepwise if necessary, with Diluent 1 to

obtain a solution having a known concentration of about 1.0

mg per mL. Transfer 5.0 mL of this solution to a 50-mL

volumetric flask, add about 27.5 mL of Diluent 1, dilute

with water to volume, and mix.

Assay preparation—Weigh and finely powder not fewer

than 20 Tablets. Transfer an accurately weighed portion of

the powder, equivalent to about 100 mg of tolcapone, to a

100-mL volumetric flask, add 10 mL of water, and sonicate

for about 10 minutes. Add 65 mL of Diluent 1, and sonicate

for about 15 minutes. Allow the sample to settle. If the ma-

terial is still undispersed, sonicate for an additional 5 min-

utes. Dilute with water to volume, and mix. Centrifuge a

portion of this solution, and transfer 5.0 mL of the superna-

tant to a 50-mL volumetric flask. Dilute with Diluent 2 to

volume, and mix. Pass a portion of this solution through a

0.45-mm filter, and use the filtrate.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 230-nm detec-

tor and a 4.0-mm 6 25-cm column that contains packing

L1. The flow rate is about 1 mL per minute. Chromatograph

the System suitability solution, and record the peak re-

sponses as directed for Procedure: the relative retention

times are about 0.6 for tolcapone related compound A, 1.0

for tolcapone, and about 1.4 for tolcapone related compound

B; the resolution, R, between tolcapone related compound B

and tolcapone is not less than 6.0; and the tailing factor is

not more than 1.5 for the tolcapone peak. Chromatograph

the Standard preparation, and record the peak responses

as directed for Procedure: the relative standard deviation

for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 20

mL) of the Standard preparation and the Assay preparation

into the chromatograph, record the chromatograms, and

measure the areas for the major peaks. Calculate the quan-

tity, in mg, of tolcapone (C14H11NO5) in the portion of Tab-

lets taken by the formula:

1000C(rU / rS),

in which C is the concentration, in mg per mL, of USP Tol-

capone RS in the Standard preparation; and rU and rS are

the peak responses obtained from the Assay preparation and

the Standard preparation, respectively.
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GENERAL CHAPTERS

General Tests and Assays

Physical Tests and
Determinations

BRIEFING

h621i Chromatography, USP 26 page 2126, page 3008 of the
First Supplement, page 959 of PF 28(3) [May–June 2002], and
page 170 of PF 29(1) [Jan.–Feb. 2003]. It is proposed to add pack-
ing L61 to the list of packings under Chromatographic Reagents.
Packing L61 is used in the Content of all E-lycopene, 5Z-lycopene,
and related compounds test under Lycopene and Lycopene Prepa-
ration, which appear elsewhere in this number of PF.

(HDQ: M. Marques) RTS—39893-1

Change to read:

CHROMATOGRAPHIC REAGENTS

The following list of packings (L), phases (G), and supports (S)
is intended to be a convenient reference for the chromatographer.
[NOTE—Particle sizes given in this listing are those generally pro-
vided. Where other, usually finer, sizes are required, the individual
monograph specifies the desired particle size. Within any category
of packings or phases listed below, there may be a wide range of
columns available. Where it is necessary to define more specifi-
cally the chromatographic conditions, the individual monograph
so indicates.]

PACKINGS

L54—Strong cation-exchange resin consisting of sulfo-

nated cross-linked styrene-divinylbenzene copolymer in the

sodium form, about 7 to 11 mm in diameter.25

L61—C30 silane bonded phase on a fully porous spheri-

cal silica, 3 to 15 mm in diameter.

General Information

BRIEFING

h1117iMicrobiological Good Laboratory Practices. The pur-
pose of this proposed new general information chapter is to provide
guidance on good laboratory practices in a microbiology labora-
tory. The use of accepted methods and adherence to good labora-
tory practices is essential to ensure adequate reliability and
reproducibility because of the known variability in microbiology
data. The chapter contains sections on Media Preparation and
Quality Control, Maintenance of Microbiological Cultures, Main-
tenance of Laboratory Equipment, Laboratory Layout and Opera-
tions, Training of Personnel, Documentation, Maintenance of
Laboratory Records, and Interpretation of Assay Results.
Comments should be sent to USP Headquarters for considera-

tion by the Expert Committee on Analytical Microbiology no later
than October 1, 2003.

(AMB: D. Porter) RTS—39519-1

Add the following:

h1117i MICROBIOLOGICAL
GOOD LABORATORY
PRACTICES

INTRODUCTION

Good laboratory practices in a microbiology laboratory

consist of activities that depend on several principles: asep-

tic technique, control of media, control of test strains, con-

trol of equipment, diligent recording and evaluation of data,

and training of the laboratory staff. Because of the known

variability in microbiology data, reliability and reproduci-

bility are dependent on the use of accepted methods and ad-

herence to good laboratory practices.

25 Available as Aminex HPX-87N from Bio-Rad Labora-
tories, (2000/01 catalog, #125-0143), Group Headquarters,
Bio-Rad Laboratories, 2000 Alfred Nobel Dr., Hercules,
California 94547 (www.discover.bio-rad.com).
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MEDIA PREPARATION AND QUALITY CONTROL

Media Preparation

Culture media are the basis for most microbiological tests.

While growth media can be prepared in a laboratory from

individual components, many laboratories, for their ease-

of-use, use dehydrated media or purchase commercially pre-

pared media in plates or glass containers. Manufacturers of

media attempt to standardize raw materials from biological

sources, but must constantly deal with unavoidable differ-

ences in raw materials obtained from natural sources and

with lot-to-lot variability of media. The performance of

media prepared in a laboratory or by a manufacturer is

highly dependent on preparation. Improper media prepara-

tion can cause unsatisfactory conditions for microbial

growth or recovery and unreliable results.

It is important to choose the correct media or components

in making media based on the use of accepted sources or

references for formulas. The manufacturer’s formula and in-

structions for preparation routinely accompany dehydrated

media and ready-made media. Because different media

types may have different preparation requirements (e.g.,

heating, additives, pH adjustment, etc.), it is important to

follow these instructions to ensure preparation of acceptable

media quality. A certificate of analysis describing expiry

dating and recommended storage conditions accompanies

ready-made media, as well as the quality control organisms

used in growth-promotion and selectivity testing of that

media.

Water is the universal diluent for microbiological media.

Purified Water is most often used for media preparation, but

in certain cases the use of deionized or distilled water may

be appropriate. The volume of the water used should be re-

corded.

Consistent preparation of media requires accurate weigh-

ing of dehydrated media or media constituents. A calibrated

balance with the appropriate weight range for the ingredi-

ents should be used, and clean weighing containers should

be used to prevent foreign substances that may alter the

composition of the finished media from entering the formu-

lation. The weight of the components should be recorded.

Dehydrated media should be thoroughly dissolved in

water prior to dispensing and sterilization. If heating is

necessary to help dissolve media, care should be taken not

to overheat media as all culture media, to a greater or lesser

extent, are heat-sensitive. The use of a hot plate with a mag-

netic stirrer is recommended for consistent mixing and heat-

ing. Darkening of media (Maillard-type reaction or

nonenzymatic browning) is a general indication of overheat-

ing. When adding required supplements to media, adequate

mixing of the medium after adding the supplement should

be performed.

Preparation of media in unclean or undedicated glassware

can allow inhibitory substances to enter the media. Inhibi-

tory substances can come from detergent residue after clean-

ing glassware or from prior materials used in the glassware.

Be sure that the cleaning process removes debris and foreign

matter, and that the detergent is thoroughly rinsed out with

high quality water.

Sterilization of media should be performed within the

parameters provided by the manufacturer. Commercially

prepared media should provide documentation of the steril-

ization method that was used. For extemporaneously pre-

pared media, follow the manufacturer’s instructions for

heating or sterilization. Autoclaving by moist heat is the pre-

ferred sterilization technique, except in instances when the

manufacturer specifies the use of boiling in order to avoid
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deterioration of heat-labile components of the media. Steril-

ization by filtration may be appropriate for some formula-

tions.

The effects of temperature and time on the media should

be validated by sterility and growth-promotion testing of the

media. In addition, the autoclave cycle should be validated

to ensure proper heat distribution for selected loads and vol-

umes. Typically, manufacturers recommend using an auto-

clave cycle of 1218 for 15 minutes using a validated

autoclave cycle. However, the sterilization time will be de-

pendent on the media volume and autoclave load. Steriliza-

tion cycles in which the autoclave is slow to come up to

temperature may result in overheating of the media. In such

cases it may be preferable to set the autoclave to deliver a Fo

of 15 minutes to include the heating-up and cooling-down

part of the cycle. The overkill validation approach used in

many production operations results in extreme sterilization

conditions and may destroy the growth-promoting qualities

of most bacterial or mycological growth media. Storage of

the media in the autoclave after the liquid cycle is completed

is not recommended as it may damage the media. Improper

heating or sterilizing conditions—for commercially pre-

pared or internally prepared media—may result in a differ-

ence in color change, loss of clarity, altered gel strength, or

pH drift from the manufacturer’s recommended range.

Check the pH of each batch of medium after it has cooled

to room temperature (258) by aseptically withdrawing a

sample for testing. A flat pH probe is recommended for agar

surfaces, and for liquids an immersion probe is recom-

mended. The pH of media should be in a range of +0.2

of the value indicated by the manufacturer, unless a wider

range is acceptable by the validated method.

Prepared media should be checked by 100% inspection of

plates and tubes for the following: cracked containers, un-

equal filling of containers, dehydration resulting in cracks

or dimpled surfaces on solid medium, hemolysis, crystal

formation from possible freezing, excessive number of bub-

bles, and microbial contamination. It is prudent to consider

how the manufacturer or supplier transports and stores med-

ia prior to distribution to the end user. Manufacturers of

media should use transport and storage conditions that mini-

mize the loss of moisture, control the temperature, and pro-

vide mechanical protection.

Media should be labeled properly with batch or lot num-

bers, preparation and expiration dates, and media identifica-

tion. Media should be stored according to manufacturer’s

instructions. Media prepared in-house should be stored un-

der controlled refrigeration in a sealed container. Do not

store agar at or below 08 because this could destroy the

gel structure. Protect stored media from exposure to light.

Before prolonged storage, agar plates should be placed into

a sealed package or container to retard moisture loss.

Remelting of an original container of solid media should

be performed only once to avoid media whose quality is

compromised by overheating or potential contamination.

It is recommended that remelting be performed in a heated

water bath or by using free-flowing steam. The use of micro-

wave ovens and heating plates is common, but may result in

overheating of the media as well as exposing the laboratory

staff to potential danger from glass breakage and burns. The

molten agar medium should be held in a monitored water

bath at a temperature of 458 to 508 for not more than 8 hours.

Caution should be taken when pouring the media from a

container immersed in a water bath to prevent water from

the bath comingling with the poured sterile media. Wiping

the exterior of the container dry prior to pouring may be ad-

visable.

Disposal of used cultured media (as well as expired med-

ia) should follow local biological hazard safety procedures.
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Quality Control Testing

It is important to confirm the quality of the media. Quality

control tests should be performed on all prepared media.

Tests routinely performed on extemporaneously prepared

media are pH, growth promotion, and periodic stability

checks to confirm the expiry dating.

When extemporaneously prepared microbiological media

is properly prepared and sterilized using a validated method,

then the growth-promotion testing may be limited to each

incoming lot of dehydrated media. If the media preparation

were not validated, then every batch of media would be sub-

jected to growth-promotion testing. Test organisms may be

selected from the appropriate compendial test chapter, based

on the manufacturer’s recommendation for a particular me-

dium or may include representative environmental isolates.

Expiration dates on media should have supporting

growth-promotion testing to indicate that the performance

of the media still meets acceptance criteria up to and includ-

ing the expiration date. All media may be used, i.e., inocu-

lated up to the expiration date. The length of shelf life of a

batch of media will depend on the stability of the ingredients

and formulation under specified conditions, as well as the

type of container and closure.

When a lot of media does not meet the requirements of

growth-promotion testing, an investigation may identify

the cause of the nonconforming lot. This investigation

should include a corrective action plan to prevent the recur-

rence of the problem. Any nonconforming lot should not be

used if an assignable cause or corrective resolution relative

to nongrowth support is undetermined.

Some reagents are used for diagnostic purposes to help

support identification of microbial organisms, e.g., Gram

stain, oxidase test reagents, etc. These have attributes that

can be quality control tested similar to microbiological med-

ia. Select the correct quality control standard microorgan-

isms, following the manufacturer’s instructions, and

perform the testing prior to unknown sample diagnostic test-

ing.

Special care should be taken with media that is used in

environmental monitoring studies. It is good practice to

pre-incubate prepared packaged environmental monitoring

media at the relevant test temperature(s) in sealed containers

or plastic sleeves and to inspect them for any nonsterile

units. This will prevent extraneous contamination from

being carried into controlled environments and will prevent

false-positive results. Media used for environmental moni-

toring of critical areas should preferably be double-wrapped

and terminally sterilized. If terminal sterilization is not per-

formed, media should be subjected to pre-incubation and

100% inspection prior to use within a critical area. A raised

agar level for surface contact plates should be verified.

MAINTENANCE OF MICROBIOLOGICAL

CULTURES

Biological specimens can be the most delicate standards

to handle because their viability and characteristics are de-

pendent on adequate handling and storage. Reference cul-

tures from national culture collections such as the

American Type Culture Collection (ATCC) should be

handled and stored with utmost care. Standardizing the

handling and storage of cultures by the user laboratory

should be done in a way that will minimize the opportunity

for contamination or alteration of growth characteristics.

These cultures are routinely used for quality control of me-

dia and for microbiological assays, in both industrial and

clinical microbiology laboratories, and thus require consis-

tent, accurate, and reproducible handling practices.
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Cultures can be acquired frozen, freeze-dried, on slants,

or in ready-to-use form. Confirmation of the identity of stan-

dard culture collection should be performed prior to using

the culture in quality control testing. Ready-to-use cultures

may require confirmation of identity and inoculum size.

Preparation of cultures should follow the instructions of

the supplier. The supplier may have to be contacted to de-

termine how it performs quantitation and identification, so

that the user laboratory can follow those procedures.

Stock cultures can be made by transferring a suspension

of the original or reference cultures to cryoprotective me-

dium in vials and freezing unused suspensions at –308 or

below, until use. If stored at –708, or in lyophilized form,

strains may be kept indefinitely. These frozen stocks can

then be used to inoculate monthly or weekly working cul-

tures. Do not refreeze unused cell suspensions after cultur-

ing a working suspension because there is an increased risk

of loss of viability.

The number of transfers of working control cultures

should be tracked to prevent excessive subculturing that in-

creases the risk of phenotypic alteration. The technique of

establishing ‘‘Seed Cultures’’ is recommended, which

should be no more than five passages from the original stock

obtained from the culture collection. One passage is defined

as the transfer of organisms from a viable culture to fresh

medium with growth of the microorganisms. Any form of

subculturing is considered to be a transfer/passage.

MAINTENACE OF LABORATORY EQUIPMENT

Most equipment (incubators, water baths, autoclaves,

etc.) is subject to standard validation practices of incoming

qualification, operational qualification, and performance

qualification. Additionally, periodic calibration (generally

annually) is commonly required. New equipment, critical

to the operation of the laboratory, should be validated ac-

cording to a protocol approved by the quality assurance unit

(QAU).

Equipment used in a microbiology laboratory should be

calibrated on a regular schedule and tested to verify perfor-

mance on a routine basis. The frequency of calibration and

performance verification will vary based on the type of

equipment and the importance of that equipment to the gen-

eration of data in the lab.

LABORATORY LAYOUT AND OPERATIONS

Laboratory layout and design should carefully consider

the requirements of good microbiological practices. It is es-

sential that cross-contamination of microbial cultures be

minimized to the greatest extent possible, and it is also im-

portant that microbiological samples be handled in an envi-

ronment that makes contamination highly unlikely. The re-

liability of microbial laboratory operations can be enhanced

by proper layout; and good separation of activities can en-

hance the reliability of microbiological laboratory opera-

tions.

In general, a laboratory should be divided into clean or

aseptic areas and live culture areas. These two sections of

the laboratory should be separated and should have separate

entry and exit ways. Areas in which environmental or pro-

duct samples are handled and incubated should be main-

tained completely free of live cultures if possible. If

complete separation of live and clean culture zones cannot

be accomplished, then other countermeasures should be em-
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ployed to reduce the likelihood of accidental contamination.

These countermeasures include protective clothing, saniti-

zation and disinfection procedures, and biological safety ca-

binets designated for clean or aseptic operations only.

Procedures for handling spills or mishaps with live cultures

should be in place and all relevant technical personnel

should be trained regarding these methods.

Some samples will demonstrate microbial growth and re-

quire further laboratory work-ups to ascertain the nature of

the contaminants. When growth is detected, the sample

should be taken from the clean section of the laboratory to

the live culture section without undue delay. Subculturing,

staining, microbial identification, or other investigational

operations should be undertaken in the live culture section

of the laboratory. If possible, any sample found to contain

growing colonies should not be opened in the clean zone

of the laboratory. Careful segregation of contaminated sam-

ples and materials will reduce false-positive results.

Staff engaged in sampling activities should not enter or

work in the live culture handling section of a laboratory un-

less special precautions are taken including protective cloth-

ing, gloves, and careful sanitization of hands upon exiting.

Ideally, staff assigned to sampling activities, particularly

those in support of aseptic processing, should not work in

the vicinity of live culture laboratory operations. Also, all

microbiological samples should be taken using aseptic tech-

niques including those taken in support of nonsterile pro-

ducts. If possible, all microbiological samples should be

taken under full aseptic conditions in specialized sampling

areas.

It is important to consider that microbial contamination of

samples, which lead to false-positive results, is always pos-

sible unless careful aseptic precautions are taken. Facilities

should be designed so that raw material and excipient sam-

pling can be done under aseptic conditions including proper

gowning and sterilized sampling equipment. It may not al-

ways be possible to sample utility systems, such as water

systems, under full aseptic conditions; however, it should

be noted that when samples are not taken aseptically, their

reliability is inevitably compromised.

Environmental sampling methods should require minimal

aseptic handling in loading and unloading sampling instru-

ments. Whenever possible, sampling equipment should be

loaded with its microbiological recovery media in the envi-

ronment that is to be sampled.

All testing in laboratories used for critical testing proce-

dures, such as sterility testing of final dosage forms, bulk

product, seed cultures for biological production, or cell cul-

tures used in biological production should be performed un-

der full aseptic conditions. Isolator technology is also

appropriate for critical, sterile microbiological testing. Isola-

tors have been shown to have lower levels of environmental

contamination than manned clean rooms, and therefore, are

generally less likely to produce false-positive results. The

general information chapter, Sterility Testing—Validation

of Isolator Systems h1208i, provides general guidance on

the validation of isolators for sterility testing. Proper valida-

tion of isolators is critical both to ensure environmental in-

tegrity and to prevent the possibility of false-negative results

as a result of chemical disinfection of materials brought into

or used within isolators.
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TRAINING OF PERSONNEL

Each person engaged in all phases of pharmaceutical

manufacture should have the education, training, and ex-

perience to do their job. Microbiologists in the pharmaceu-

tical laboratory should have sufficient academic training in

microbiology or allied life sciences and should be ade-

quately trained in laboratory procedures and testing docu-

mentation conducted in the microbiology laboratory. They

should be assigned responsibilities in keeping with their le-

vel of skill and experience.

A coherent system of operating procedures is necessary to

run the microbiology laboratory. These procedures serve

two purposes in a training program. Firstly, these SOPs de-

scribe the methodology that the microbiologist will follow

to obtain accurate and reproducible results and so serve as

the basis for training. Secondly, by tracking the procedures

in which a particular microbiologist has demonstrated pro-

ficiency, the procedure number or title also serves to identify

what training the microbiologist has received specific to his

or her job function.

Periodic performance assessment is a wise investment in

data quality. This performance testing should provide evi-

dence of competency in core activities of the microbiology

laboratory such as hygiene, plating, aseptic technique, doc-

umentation, and others as suggested by the microbiologist’s

job function

Microbiologists with supervisory or managerial responsi-

bilities need training in supervisory skills, scheduling, bud-

geting, laboratory investigations, technical report writing,

pharmaceutical products, and in manufacturing processes.

The demands of microbiological testing require that the

core educational background of the staff, supervisors, and

managers be in microbiology or a closely related biological

science.

DOCUMENTATION

Documentation should be sufficient to demonstrate that

the testing was performed in a laboratory and by methods

that were under control. This includes but is not limited to

documentation of the following:

� Microbiologist training and verification of proficiency

� Equipment validation, calibration, and maintenance

� Equipment performance during test (e.g., 24-hour /7-

day chart recorders)

� Media preparation and growth-promotion capability

� Media inventory and control testing

� Critical components of test conducted as specified by a

procedure

� Data and calculations verified

� Reports reviewed by QAU or a qualified responsible

manager

� Investigation of out-of-specification test results

MAINTENANCE OF LABORATORY RECORDS

Proper recording of data and studies is critical to the suc-

cess of the microbiology laboratory. The over-riding princi-

ple is that the test should be performed as written in the SOP,

the SOP should be written to reflect how the test is actually

performed, and the laboratory notebook should provide a re-
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cord of all critical details needed to confirm the integrity of

the data. At a minimum, the lab write-up should include the

following:

� Date

� Material

� Microbiologist’s name

� Procedure number

� Document test results

� Deviations (if any)

� Documented parameters (equipment used, microbial

stock cultures used, media lots used)

� Management review signature

Every critical piece of equipment should be noted in the

write-up, and all should be on a calibration schedule docu-

mented by SOP and maintenance records. Where appropri-

ate, logbooks should be available and supportive of the lab

notebook records. Equipment temperatures (waterbaths, in-

cubators, autoclaves) should be recorded and traceable.

Training curricula should be established for each labora-

tory staff member specific for their job function. They

should not independently conduct a microbial test until they

are qualified to run the test. Training records should be cur-

rent, documenting the microbiologist’s training in the proper

revision to the particular SOP. This SOP and revision should

be clearly noted in the write-up. Changes in the data should

be crossed off with a single line and initialed. Original data

should not be erased or covered over.

Test results should include the original plate counts, al-

lowing a reviewer to recreate the calculations used to derive

the final test results. Methods for data analysis should be de-

tailed in cited SOPs.

All laboratory records should be archived and protected

against catastrophic loss. A formal record retention program

should be in place.

INTERPRETATION OF ASSAY RESULTS

Analytical microbiological assay results can be difficult to

interpret for several important reasons: (1) Microorganisms

are both ubiquitous in nature and common environmental

contaminants; particularly organisms associated with hu-

mans predominate in many types of microbiological analy-

sis; (2) The analyst has the potential to introduce

contaminating organisms during sample handling or proces-

sing in the laboratory; (3) Microorganisms may not be

homogeneously distributed within a sample or an environ-

ment; and (4) Growth and recovery based microbiological

assays are subject to considerable variability of outcome

as typical variability may be on the order of+0.5 log10 unit.

Therefore, minor differences from expected outcome may

not be significant.

Because of these characteristics of microbiological analy-

sis, laboratory studies should be conducted with the utmost

care to avoid exogenous contamination as previously dis-

cussed in this chapter. Equally important, results must be in-

terpreted from a broad microbiological perspective

considering not only the nature of the putative contaminant,

but the likelihood of that organism(s) surviving in the phar-

maceutical ingredient, excipient, or environment under test.

In addition, the growth characteristics of the microorganism

should be considered (especially in questions of the growth

of filimentous fungi).
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When results are observed that do not conform to a com-

pendium monograph or another established quantitative tar-

get, an investigation into the finding is required. There are

generally two distinct reasons for the observation of micro-

bial contamination that does not comply with a target or re-

quirement: There may be either a laboratory error or

laboratory environmental conditions that produced an inva-

lid result, or the product contains a level of contamination or

specific types of contaminants outside established levels or

limits. In either case, laboratory management and, in most

cases, general management should be notified immediately.

A full and comprehensive evaluation of the situation sur-

rounding the result should be undertaken. All microbiologi-

cal conditions or factors that could bring about the observed

condition should be fully considered, including the magni-

tude of the excursion compared to established limits or le-

vels. It is critical to know if the finding is statistically

significant in light of assay variability.

The laboratory environment, the protective conditions in

place for sampling, historical findings concerning the ma-

terial under test, and the nature of the material particularly

with regard to microbial survival or proliferation in contact

with the material should be considered in the investigation.

Laboratories should as a standard practice retain prepara-

tions, dilutions, and any other assay related materials or ar-

ticles that might be useful in investigating a test outcome. In

addition, interviews with the laboratory analyst(s) may pro-

vide information regarding the actual conduct of the assay

that can be valuable in determining the reliability of the re-

sult and in determining an appropriate course of action. If

laboratory operations are identified as the cause of the non-

conforming test outcome, then a corrective action plan

should be developed to address the problem(s). Following

implementation of the corrective action plan, the situation

should be carefully monitored and the adequacy of the cor-

rective action determined.

If assay results are invalidated based upon the discovery

of an attributable error, this action must be documented. La-

boratories also should have approved procedures for confir-

matory testing (retesting), and if necessary, resampling

where specific regulatory or compendial guidance do not

govern the conduct of an assay investigation. Microbiology

laboratory investigations frequently do not reveal the source

of contamination because microorganisms are ubiquitous.

Pharmacopeial and regulatory agency guidelines present in-

structions for handling microbiological result failures for

some tests, particularly for sterility and bacterial endotoxin

testing (see Sterility Tests h71i and Bacterial Endotoxin

Tests h85i). These instructions should be followed in addi-

tion to the laboratory investigation.
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Nutritional
Supplements

Monographs

BRIEFING

Lycopene; Lycopene Preparation. Because there is no existing
USPmonograph for this nutritional supplement, a new monograph
is being previewed. The liquid chromatographic procedures in the
test for Content of all-E-lycopene, 5Z-lycopene, and related com-
pounds are based on analyses performed using two C30 silica
bonded YMC-Carotenoid2 columns. Typical retention times ob-
served for all-E-lycopene and the 5Z-lycopene are 48 and 51 min-
utes, respectively.

(DSB: G. Giancaspro) RTS—39605-1

Add the following:

Lycopene

C40H56 536.88 [502-65-8].

» Lycopene is a mixture of geometrical isomers of

lycopene. It contains not less than 96.0 percent

and not more than 101.0 percent of lycopene

(C40H56), calculated on the anhydrous basis.

Packaging and storage—Preserve in tight, light-resistant

containers, under inert gas, in a cool place.

USP Reference standards h11i—USP Lycopene RS.

Identification—

A: Ultraviolet-Visible Absorption h197Ui—

Spectral range: 300 to 700 nm.

Solution: Prepare as directed below for the Test solution in

the test for Content of lycopene.

Ratio: A476 /A508, between 1.10 and 1.14.

B: The retention time of the major peak in the chroma-

togram of the Test solution corresponds to that in the chro-

matogram of the Standard solution, as obtained in the test

for Content of all-E-lycopene, 5Z-lycopene, and related

compounds.

Loss on drying h731i—Dry it in vacuum over phosphorous

pentoxide at 408 for 4 hours: it loses not more than 0.2% of

its weight.

Residue on ignition h281i: not more than 0.2%.

Heavy metals,Method II h231i: not more than 10 mg per g.

Organic volatile impurities, Method IV h467i: meets the

requirements.

Content of all-E-lycopene, 5Z-lycopene and related com-

pounds—

Mobile phase—Prepare a filtered and degassed mixture of

tert-butyl methyl ether, methanol, and tetrahydrofuran

(784:665:74, w:w:w). Make adjustments if necessary (see

System Suitability under Chromatography h621i).

Standard solution—Dissolve a suitable quantity of USP

Lycopene RS in Mobile phase to obtain a solution contain-

ing about 2 mg per 100 mL.

Test solution—Transfer about 15 mg of Lycopene to a 25-

mL volumetric flask, and dissolve in tetrahydrofuran con-

taining 50 mg of butylated hydroxytoluene per liter. Dilute

with the same solvent to volume. Pipet 2 mL into a 50-mL

volumetric flask, and add 8 mL tetrahydrofuran. Dilute with

tert-butyl methyl ether to volume. Use this solution for in-

jection.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 472-nm detec-

tor, one 4.6-mm 6 25-cm column that contains 5-mm L61

packing; and a second column connected in series contain-

ing 3-mm packing L61. The flow rate is about 1.0 mL per

minute. Chromatograph the Standard solution, and record

the peak responses as directed for Procedure: the relative
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retention times are about 1.07 for 5Z-lycopene, and 1.0 for

all-E-lycopene; the resolution, R, between all-E-lycopene

and 5Z-lycopene is not less than 1.0; the tailing factor is

not less than 0.8 and not more than 2.0; and the relative stan-

dard deviation for replicate injections for the all-E-lycopene

is not more than 2.0 %. [NOTE—New columns may require

up to 30 injections before the system suitability require-

ments are met.]

Procedure—Inject about 10 mL of the Test solution into

the chromatograph, record the chromatogram, and measure

the peak area responses. Calculate the percentage of related

compounds in the portion of Lycopene taken by the for-

mula:

T(rs / rT),

in which T is the percentage of total lycopene isomers ob-

tained in the test for Content of lycopene; rs is the sum of the

responses of all peaks excluding the peak for all-E-lycopene

and the peak for 5Z-lycopene; and rT is the total detected

area. Not more than 7.0 % of other related compounds cal-

culated as lycopene are found. Calculate the percentage of

the 5Z-lycopene isomer in the portion of Lycopene taken by

the formula:

T(r5Z / rT),

in which r5Z is the peak response for the 5Z-lycopene isomer,

and the other terms are as described above. Not more than

23.0% of the 5Z-lycopene isomer is found. Calculate the

percentage of all-E-lycopene taken by the formula:

T(rE / rT),

in which rE is the peak response of the all-E-lycopene iso-

mer, and the other terms are as described above. Not less

than 70.0% of all-E-lycopene is found.

Content of lycopene—

Test stock solution—Transfer about 25 mg of Lycopene to

a 100-mL volumetric flask, add about 25 mg of butylated

hydroxytoluene and about 60 mL of methylene chloride,

and sonicate to dissolve. Dilute with methylene chloride

to volume.

Test solution—Transfer 2.0 mL of the Test stock solution

to a 200-mL volumetric flask, and dilute with cyclohexane

to volume.

Procedure—Determine the absorbance of the Test solu-

tion at the wavelength of maximum absorbance at about

476 nm, using cyclohexane as the blank. Calculate the per-

centage of lycopene in the portion of Lycopene taken by the

formula:

1000A / 331W,

in which A is the absorbance of the Test solution; W is the

weight, in g, of Lycopene taken to prepare the Test stock

solution; and 331 is the absorptivity of the pure lycopene

in cyclohexane.

BRIEFING

Lycopene Preparation. Because there is no existing USP
monograph for this nutritional supplement, a new monograph is
being previewed. See also briefing under Lycopene.

(DSB: G. Giancaspro) RTS—39605-2
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Add the following:

Lycopene Preparation

» Lycopene Preparation is a combination of Lyco-

pene with one or more inert substances and suit-

able antioxidants. It may be in a solid or oily

liquid form. It contains not less than 95.0 percent

and not more than 120 percent of the labeled

amount of lycopene (C40H56), calculated on the

anhydrous basis.

Packaging and storage—Preserve in tight, light-resistant

containers, under inert gas. Store the oil preparations in a

cool place and the solid preparations at controlled room

temperature.

Labeling—Label it to state the name and content of added

antioxidants and inert substances.

USP Reference standards—USP Lycopene RS.

Identification, Ultraviolet-Visible Absorption h197Ui—

FOR OILY PREPARATIONS—

Spectral range: 300 to 700 nm.

Solution: Prepare as directed below for the Test solution in

the test for Content of lycopene (for oily preparations).

Ratio: A476 /A508 between 1.10 and 1.14 in cyclohexane.

FOR SOLID PREPARATIONS—

Spectral range: 300 to 700 nm.

Solution: Prepare as directed below for the Test solution in

the test for Content of lycopene (for solid preparations).

Ratio: A472 /A504 between 1.09 and 1.13 in isopropyl al-

cohol.

Water, Method I h921i: not more than 1.0%.

Residue on ignition h281i: not more than 1.0%.

Organic volatile impurities, Method IV h467i: meets the

requirements.

Solvent: dimethylformamide.

Content of all-E-lycopene, 5Z-lycopene and related com-

pounds—

Mobile phase, Standard solution, and Chromatographic

system—Proceed as directed for Content of all- E-lycopene,

5Z-lycopene and related compounds under Lycopene.

Test solution for oil preparations—Transfer a quantity of

oil preparation, equivalent to about 15 mg of lycopene, to a

25-mL volumetric flask, and dissolve in tetrahydrofuran

containing 50 mg of butylated hydroxytoluene per liter. Di-

lute with the same solvent to volume. Pipet 2 mL into a 50-

mL volumetric flask, and add 8 mL of tetrahydrofuran. Di-

lute with tert-butyl methyl ether to volume. Use this solution

for injection.

Test solution for solid preparations—Transfer a quantity

of solid preparation equivalent to 5 mg of lycopene into a

250-mL volumetric flask, and add about 60 units of bacterial

alkaline protease preparation or another suitable enzyme

and about 25 mg of butylated hydroxytoluene. Add 2.5

mL of water, place in an ultrasonic bath at 508 for 10 min-

utes, and shake occasionally until the material is finely di-

vided with no lumps. Add 5 mL of tetrahydrofuran, 40 mL

of dehydrated alcohol, and place again for about 1 minute in

the ultrasonic bath. Cool to room temperature, and dilute

with tert-butyl methyl ether to volume. Shake vigorously.

Allow the precipitate to settle, and filter the supernantant.

Procedure—Proceed as directed for Content of all-E-lyco-

pene, 5Z-lycopene, and related compounds under Lycopene.

Calculate the percentage of related compounds in the por-

tion of Lycopene Preparation taken by the formula:

rs / rT ,
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in which rs is the sum of the responses of all peaks excluding

the peak for all-E-lycopene and the peak for 5Z-lycopene;

and rT is the total detected area in the chromatogram: not

more than 7.0 % of other related compounds, calculated

as lycopene, are found. Calculate the percentage of 5Z-lyco-

pene isomer in the portion of Lycopene Preparation taken by

the formula:

r5Z / rT ,

in which r5Z is the peak response for the 5Z-lycopene isomer,

and the other terms are as described above: not more than

23.0% of the 5Z-lycopene isomer is found. Calculate the

percentage of all-E-lycopene in the portion of Lycopene

Preparation taken by the formula:

rE / rT ,

in which rE is the peak response of the all-E-lycopene iso-

mer, and the other terms are as described above: not less

than 70.0% of all-E-lycopene is found.

Content of lycopene—

TEST FOR OILY PREPARATIONS—

Test stock solution—Transfer an accurately weighed

quantity of Lycopene Preparation containing about 25 mg

of lycopene to a 100-mL volumetric flask, and add about

25 mg of butylated hydroxytoluene and about 60 mL of

methylene chloride. Sonicate to dissolve, and dilute with

methylene chloride to volume.

Test solution—Transfer 2.0 mL of the Test stock solution

to a 200-mL volumetric flask, and dilute with cyclohexane

to volume.

Procedure—Determine the absorbance of the Test solu-

tion at the wavelength of maximum absorbance at about

476 nm, using cyclohexane as the blank. Calculate the per-

centage of lycopene in the portion of Lycopene Preparation

taken by the formula:

1000A / 331W,

in which A is the absorbance of the Test solution; W is the

weight, in g, of the portion of Lycopene Preparation taken to

prepare the Test stock solution; and 331 is the absorptivity of

the pure lycopene in cyclohexane.

TEST FOR SOLID PREPARATIONS—

Test stock solution—Transfer an accurately weighed

quantity of Lycopene Preparation containing about 5 mg

of lycopene into a 200-mL volumetric flask. Add about 60

units of bacterial alkaline protease preparation or another

suitable enzyme and about 25 mg of butylated hydroxy-

toluene. Add 2.5 mL of diluted ammonium hydroxide (2

in 100). Incubate in a water bath (about 408) until the matrix

has dissolved (about 1 to 2 minutes), while rotating the flask

to avoid having material stick to the glass surface. Add 5 mL

of tetrahydrofuran, and shake until no colored precipitate re-

mains. Add another portion of 2 mL of tetrahydrofuran. Add

40 mL of dehydrated alcohol, and shake until the mixture is

homogeneous. Add 100 mL of diethyl ether, and shake vig-

orously. Dilute with diethyl ether to volume, shake vigor-

ously, and allow to stand until the solid has settled.

Test solution—Transfer 2.0 mL of the supernatant from

the Test stock solution to a 25-mL volumetric flask, and di-

lute with isopropyl alcohol to volume.

Procedure—Determine the absorbance of the Test solu-

tion at the wavelength of maximum absorbance at about

472 nm, using isopropyl alcohol as the blank. Calculate

the percentage of lycopene in the portion of Lycopene Prep-

aration taken by the formula:

250A / 320W,

in which A is the absorbance of the Test solution; W is the

weight, in g, of the portion of Lycopene Preparation taken to

prepare the Test stock solution; and 320 is the absorptivity of

the pure lycopene in isopropyl alcohol.
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Reagents

Add the following:

Bacterial Alkaline Protease Preparation—Use a suit-

able grade.110

Reagent Footnotes

Add the following:

110A suitable grade is commercially available as ‘‘Protext

6L’’ from Genencor, 200 Meridian Centre Blvd., Rochester,

NY 14618; ‘‘Optimase Enzyme’’ from Solvay Enzymes

Inc., 1003 Industrial Pkwy., Elkart, IN 45616; or ‘‘Pronase

E’’ from Merck.

BRIEFING

Lycopene Tomato Extract. Because there is no existing USP
monograph for this nutritional supplement, a new monograph is
being previewed. The liquid chromatographic procedures in the
Identification test are based on analyses performed with the Nu-
cleosil Silica 300 brand of L3 column. Typical retention times in
this test vary from 30 to 45 minutes for all-E-lycopene and from 32
to 47 minutes for 5Z-lycopene. The liquid chromatographic proce-
dures in the test for Content of lycopene are based on analyses per-
formed with the RP-select B C8 brand of L7 column. The typical
retention time for lycopene in this test is about 6 minutes. The liq-
uid chromatographic procedures in the test for Content of other
carotenoids and tocopherols are based on analyses performed with
the LiChrospher 100 RP-18 brand of L1 column. However, the Nu-
cleosil C18 and the Ultracarb ODS-3 columns were found to be
suitable alternatives. Typical retention times observed in this test
were 15, 25, 40, 42, and 47 minutes for tocopherols, lycopene, beta
carotene, phytofluene, and phytoene, respectively.

(DSB: G. Giancaspro) RTS—36476-2

Add the following:

Lycopene Tomato Extract

» Lycopene Tomato Extract is an ethyl acetate ex-

tract of the natural tomato lipids, without any ad-

dition of other ingredients. It is produced from the

pulp of ripe fruits of Lycopersicum esculentum L.,

after removing the tomato serum. It contains not

less than 95.0 percent and not more than 105.0

percent of the labeled amount of lycopene

(C40H56). It contains not less than 5.7 percent

and not more than 12 percent of lycopene

(C40H56), not less than 0.8 percent of the com-

bined amount of phytofluene (C40H68) and phy-

toene (C40H64), not less than 0.2 percent of beta

carotene (C40H56), and not less than 1.0 percent

of tocopherols (C28H48O2).

Packaging and storage—Preserve in tight, light-resistant

containers, in a cool place.

Labeling—Label it to state the content of lycopene in per-

centage and that the material should be heated to 508 and

mixed before use.

USP Reference standards h11i—USP Lycopene RS. USP

Lycopene Tomato Extract RS.

Clarity of solution—Warm the sample to 508 in a water

bath. Mix well with a glass rod or a spatula. Accurately

weigh about 1 g of the Lycopene Tomato Extract directly

into a 100-mL volumetric flask. Add 50 mL of methylene

chloride, and sonicate the solution for 1 minute to com-

pletely dissolve the sample. Bring to room temperature, di-

lute with methylene chloride to volume, and mix well. The

solution is clear; no deposit or turbidity is formed.

Identification—

A: Presence of lycopene, phytofluene, and phytoene—

Butylated hydroxytoluene stock solution, Diluting

solution, Standard solution A, Standard solution B, and

Test solution—Proceed as directed in the test for Content

of lycopene.

Chromatographic system—Proceed as directed in the test

for Content of other carotenoids and tocopherols. The chro-

matogram of the Test solution exhibits peaks at the retention
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times for lycopene, phytofluene, and phytoene correspond-

ing to those obtained in the chromatogram of the System

suitability solution as directed in the test for Content of other

carotenoids and tocopherols.

B: Ratio of all-E-lycopene and 5Z-lycopene—

Butylated hydroxytoluene stock solution—Proceed as di-

rected in the test for Content of lycopene.

Mobile phase—Prepare a filtered and degassed solution

of 0.05% diisopropylethylamine in n-hexane. Mix well, and

sonicate for 3 to 4 minutes.

Test solution—Proceed as directed in the test for Content

of lycopene, except to make the final dilution by transferring

5 mL to a 100-mL volumetric flask and diluting with n-hex-

ane to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with two 4.0-mm 6

25-cm columns that contain 5-mm packing L3 (300 Å pore

size), connected in a series and kept at 228, and a 472-nm

detector. The flow rate is 0.5 mL per minute. The peak for

all-E-lycopene elutes between 30 to 45 minutes; the relative

retention time for all-E-lycopene is 1.00; and the relative re-

tention time for 5Z-lycopene is in the range from 1.04 to

1.10. Both peaks have a maximum absorbance at about

472 nm.

Procedure—Inject about 10 mL of the Test solution into

the chromatograph, record the chromatogram, measure the

peak responses of the two major peaks, and calculate their

area ratio by the formula:

rU1 / rU2,

in which rU2 is the peak response of all-E-lycopene; and rU1

is the peak response of 5Z-lycopene. The area ratio is not

more than 0.10.

Viscosity h911i: Equilibrate Lycopene Tomato Extract at

378 in a 30-mL glass vial. Determine the viscosity using a

rotational viscosimeter equipped with a spindle (No. 6 spin-

dle) having a cylinder 1.47 cm in diameter and 0.16 cm high

attached to a shaft 0.32 cm in diameter, with a distance of

3.02 cm from the top of the cylinder to the lower tip of the

shaft. The spindle is rotating at the appropriate speed and

immersion depth to obtain a scale reading between 10%

and 90% of full scale. Calculate the viscosity, in centipoises,

by multiplying the scale reading by the constant for the spin-

dle and speed used: the viscosity is not more than 5000 cen-

tipoises.

Microbial limits h2021i: It meets the requirements of the

tests for absence of Salmonella species, Escherichia coli,

and Pseudomonas aeruginosa. The total aerobic microbial

count does not exceed 1000 per g, and the total combined

molds and yeasts count does not exceed 200 per g.

Water, Method Ia h921i: not more than 0.5%.

Particle size distribution—Transfer 1 drop to a microscope

slide, and spread evenly. Isopropanol may be used as a dil-

uent, if necessary. Examine the slide under a microscope

equipped with a calibrated ocular micrometer, using about

4506 magnification (see Optical Microscopy h776i). Scan

the slide, and note the size of the individual particles: not

fewer than 98% of the particles are less than 20 mm in length

when measured along the longest axis, not fewer than 60%

of the particles are less than 5 mm, and not fewer than 40%

of the particles are less than 2 mm.

Pesticide residues h561i: meets the requirements.

Heavy metals, Method II h231i: 10 mg per g.

Organic volatile impurities, Method IV h467i—Use dieth-

yl phthalate as the solvent in preparation of the Standard

Solution and the Test Solution. Heat the sealed vial at 708

for 120 minutes: meets the requirements.
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Content of lycopene—

Butylated hydroxytoluene stock solution—Dissolve 2.5 g

of butylated hydroxytoluene in methylene chloride to make

500 mL. [NOTE—This solution can be stored protected from

light for up to 3 months.]

Mobile phase—Prepare a filtered and degassed mixture of

acetonitrile, methanol, methylene chloride, and n-hexane

(850:100:25:25). Add 0.05% of diisopropylethylamine,

mix well, and sonicate for 3 to 4 minutes.

Diluting solution—Prepare a mixture of acetonitrile,

methylene chloride, methanol, n-hexane and butylated

hydroxytoluene (600:150:150:100:0.5). Add 0.05% of di-

isopropylethylamine, mix well, and sonicate for 3 to 4 min-

utes.

Standard solution A—Transfer an accurately weighed

quantity of USP Lycopene RS, equivalent to 6 to 8 mg of

lycopene, to a 100-mL volumetric flask, and dissolve in

10 mL of methylene chloride, using a sonicator. Dilute with

Diluting solution to volume to obtain a solution having a

known concentration of about 0.07 mg of lycopene per mL.

Determine the exact concentration of Standard solution A

by employing the following method.

Standard solution B—Transfer 2.0 mL of Standard solu-

tion A to a 100-mL volumetric flask, add 10 mL of alcohol

and 10 mL of Butylated hydroxytoluene stock solution, di-

lute with n-hexane to volume, and mix.

Procedure—Determine the absorbance of this solution at

the maximum absorbance at about 472 nm. Calculate the

concentration of Standard solution A, in ppm of lycopene,

by the formula:

50,000Ax /345

in which Ax is the absorbance of Standard solution B, and

345 is the absorptivity for pure lycopene in n-hexane at

472 nm.

Test solution—Warm the sample of the Lycopene Tomato

Extract to 508 in a water bath. Mix well with a glass rod or a

spatula. Accurately weigh a quantity of 1 to 1.2 g of the

sample into a 100-mL volumetric flask. Add 10 mL of Bu-

tylated hydroxytoluene stock solution and 30 mL of methyl-

ene chloride, and sonicate the solution for 1 minute in order

to dissolve the sample completely. Cool to room tempera-

ture, dilute with methylene chloride to volume, and mix

well. Transfer 5.0 mL to a 50-mL volumetric flask, and di-

lute with Diluting solution to volume.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 472-nm detec-

tor and a 4.6-mm 6 25-cm column that contains 5-mm

packing L7 maintained at a temperature of 39 + 18. The

flow rate is about 0.7 mL per minute. Chromatograph the

Standard solution A, record the chromatograms, and mea-

sure the peak responses as directed for Procedure: the reten-

tion time for lycopene is about 6 minutes; and the relative

standard deviation of the lycopene peak area for replicate

injections is not more than 1.5%.

Procedure—Separately inject equal volumes (10 mL) of

the Standard solution A and the Test solution into the chro-

matograph, record the chromatograms, and measure the re-

sponses of the major lycopene peaks. Calculate the

percentage of lycopene in the portion of Lycopene Tomato

Extract taken by the formula:

100(C/W)(rU / rS),

in which C is the concentration, in ppm, of Standard solu-

tion A; W is the weight, in mg, of Lycopene Tomato Extract

taken to prepare the Test solution; and rU and rS are the areas

of the lycopene peak responses obtained from the Test solu-

tion and the Standard solution A, respectively.
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Content of other carotenoids and tocopherols (phyto-

fluene, phytoene, beta carotene, and tocopherols)—

Butylated hydroxytoluene stock solution, Diluting

solution, Standard solution A, Standard solution B, and

Test solution—Proceed as directed in the test for Content

of lycopene.

Mobile phase—Prepare a filtered and degassed mixture

of acetonitrile, methanol, methylene chloride, and n-hexane

(475:475:25:25). Add 0.05% of diisopropylethylamine, mix

well, and sonicate for 3 to 4 minutes.

System suitability solution—Prepare a solution of USP

Lycopene Tomato Extract RS in Diluting solution, having

a concentration of about 1 mg per mL.

Chromatographic system (see Chromatography h621i)—

The liquid chromatograph is equipped with a 4.6-mm6 25-

cm column that contains 5-mm packing L1 maintained at a

temperature of 39 + 18 and a detector set at 472 nm for ly-

copene, at 450 nm for beta carotene, at 350 nm for phyto-

fluene, and at 288 nm for phytoene and tocopherol. The flow

rate is about 0.6 mL per minute.

Chromatograph the System suitability solution, record the

chromatograms, and measure the peak responses and the

peak retention times as directed for Procedure: the chroma-

togram of the System suitability solution is similar to the

Reference Chromatogram provided with the USP Lycopene

Tomato Extract RS; the relative retention times in the chro-

matogram of the System suitability solution are about 0.6 for

the peaks of the tocopherol isomers, 1.0 for the peaks of the

lycopene isomers, 1.5 to 1.7 for the peaks of the beta caro-

tene isomers, 1.6 to 1.8 for the peaks of the phytofluene iso-

mers, and 1.8 to 2.2 for the phytoene peak; and the relative

standard deviation for replicate injections for the peak of the

lycopene isomers is not more than 2%.

Procedure—Separately inject equal volumes (10 mL) of

the Standard solution A and the Test solution into the chro-

matograph, and record the chromatograms. Identify the lo-

cus of the peaks for the lycopene isomers, beta carotene

isomers, phytofluene isomers, and phytoene by comparison

with the Reference Chromatogram provided with the corre-

sponding lot of USP Lycopene Tomato Extract RS. Measure

the sum of the peak responses of the lycopene isomers at

472 nm in the Standard solution A. In the Test solution, mea-

sure the sum of the peak responses of the beta carotene iso-

mers at 450 nm, the sum of the peak responses of the

phytofluene isomers at 350 nm, the response of the phytoene

at 288 nm, and the sum of the peak responses of all toco-

pherols at 288 nm.

Determine the concentration of Standard solution A as di-

rected in the test for Content of lycopene.

Calculate the percentage of beta carotene in the portion of

Lycopene Tomato Extract taken by the formula:

100(C/W)(rU1 / rS)(345/259.2),

in which C is the concentration, in ppm, of Standard solu-

tion A; W is the weight, in mg, of Lycopene Tomato Extract

taken to prepare the Test solution; rU1 is the sum of the peak

responses for the beta carotene isomers at 450 nm obtained

from the Test solution; rS is the sum of the peak responses

for the lycopene isomers at 472 nm obtained from the Stan-

dard solution A; and 345 and 259.2 are the absorptivities for

pure lycopene and for pure beta carotene, respectively.

Calculate the percentage of phytofluene in the portion of

Lycopene Tomato Extract taken by the formula:

100(C/W)(rU2 / rS)(345/135),

in which C is the concentration, in ppm, of Standard solu-

tion A; W is the weight, in mg, of Lycopene Tomato Extract

taken to prepare the Test solution; rU2 is the sum of the peak

responses for phytofluene isomers at 350 nm obtained from

the Test solution; rS is sum of the peak responses for the ly-
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copene isomers at 472 nm obtained from the Standard solu-

tion A; and 345 and 135 are the absorptivities for pure lyco-

pene and for pure phytofluene, respectively.

Calculate the percentage of phytoene in the portion of Ly-

copene Tomato Extract taken by the formula:

100(C/W)(rU3 / rS)(345/125),

in which C is the concentration, in ppm, of Standard solu-

tion A; W is the weight, in mg, of Lycopene Tomato Extract

taken to prepare the Test solution; rU3 is the area of the phy-

toene peak response at 288 nm obtained from the Test solu-

tion; rS is the sum of the peak responses for the lycopene

isomers at 472 nm obtained from the Standard solution A;

and 345 and 125 are the absorptivities for pure lycopene and

for pure phytoene, respectively.

Calculate the percentage of tocopherols in the portion of

Lycopene Tomato Extract taken to prepare the Test solution

by the formula:

100(C/W)(rU4 / rS)(345/8.5),

in which C is the concentration, in ppm, of Standard solu-

tion A; W is the weight, in mg, of Lycopene Tomato Extract

taken to prepare the Test solution; rU4 is the sum of the peak

responses for all the tocopherol peaks at 288 nm obtained

from the Test solution; rS is sum of the peak responses for

the lycopene isomers at 472 nm obtained from the Standard

solution A; 345 is the absorptivity for pure lycopene; and 85

is the average absorptivity for tocopherols.
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These items are published to stimulate discussion and continual review of pharmacopeial standards. Generally, if an Expert

Committee publishes an article on which they are specifically seeking comment, this will be clearly stated in the article.

Readers may submit comments on issues raised in this section, but comment is not as critical as that for the In-Process

Revision and Pharmacopeial Previews sections. Readers interested in submitting comments should see Instructions to
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Instructions to Authors

Contributions in the form of original research reports, evaluations of new and existing compendial methods, and other
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accepted for publication will be subject to editing by USP staff. Accepted manuscripts become the property of the USP

Convention, Inc., (USPC) and may not be published elsewhere without written permission from the USPC. Authors are also

responsible for obtaining permission for reprinting any illustrations that have been published elsewhere.

Abstract—Include an abstract of not more than 250 words stating the purpose and the results or conclusions of the article.
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author’s full address, telephone number, fax number, and e-mail address.
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Submit the text in Microsoft1 Word or another current word-processing application. The preferred format for graphics sub-
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Drug Products Distribution Chain

PSD Project Team Representative Membership: PhRMA – R. Hollander (Pfizer) Chair, R. Bishara (Eli Lilly), J. Seeley (Merck);
MDCDG – E. Shada (Midwest Compendial Discussion Group); GPhA – L. Evans O’Connor; NJPQCA – B. Ferguson (Schering-Plough);
Repackagers (resale and pursuant to a prescription) – K. Jones (NCS Health); Mail Order/Large Chain Pharmacy – A. Epstein (Express
Scripts), J. Denman (WalMart); Independent Retail Pharmacy – T. Bender; State Boards of Pharmacy - B. Wallner (Delaware BOP),
S. Russell (Virginia BOP); HDMA – L. Clower and M. Gallo; Healthcare Compliance Packaging Council – P. Mayberry, B. Sharpless
(Honeywell); Controlled Shipping Consultant – T. Pringle (ISC), T. Schafer (Independent Consultant), Ira Smith (PharmaSafe LLC);

J. Taborsky (USP Consultant) USP – C. Okeke,* J. Valentino, E. Sheinin, and R. Williams

ABSTRACT This article describes the product distribution pathway utilized when a drug product is shipped from the manu-
facturer to the end user or patient. This pathway outlines the critical control points during distribution, and these points create
the basis for certain risks encountered by drug products. The USP Project Team has identified the critical points and risks
associated with each point. The risks were analyzed using Hazard Analysis and Critical Control Point (HACCP) tools adop-
ted by FDA’s Center for Food Science and Nutrition (CFSAN), and these risks were categorized as low, medium, or high.
High-risk areas are the subject of this Stimuli article.

NOTE—Acronyms are explained in the Glossary immediately following the References.

INTRODUCTION

In 1995, the USP Convention adopted Resolution Num-
ber 10 that states, ‘‘USP is encouraged to identify compen-
dial items for which storage and shipment in the distribution
system are of special concern, so that proper storage and
shipment information can be included with compendial
items, such that the integrity of the item is maintained until
received by the patient’’ (1).

To fulfill this resolution, the USP Packaging, Storage, and
Distribution (PSD) Expert Committee conducted multiple
studies on shipping and storage of pharmaceutical articles
(2–6). These studies led to the proposal of a number of
USP general chapters that were published in Pharmacopeial
Forum: h1118i Monitoring Devices—Time, Temperature,
and Humidity, h1141i Packaging, Storage, and Distribution
of Pharmacopeial Articles, h1146i Packaging Practice—
Repackaging a Single Solid Oral Drug Product into a
Unit-Dose Container, and h1186i Shipping and Storage of
Labile Preparations. Fig. 1 shows the USP general chapters
relating to the various processes and steps involved in the
drug product distribution chain. This includes the manufac-
turer, shipper, repackager, wholesaler, pharmacist, sample
distributor, dispensing doctor, and patient.

The proposed general chapters generated a considerable
number of public comments. USP later formed a Project
Team to act as an advisory group to the PSD Expert Com-
mittee that was charged with identifying immediate areas of
concern related to the packaging, storage, and distribution of
prescription products. The team consisted of representatives
from the following organizations: Pharmaceutical Research
and Manufacturers of America, Generic Pharmaceutical As-
sociation, Food and Drug Administration, Midwest Com-
pendial Discussion Group, New Jersey Pharmaceutical
Quality Control Association, repackagers, mail order, large
chain pharmacy, independent retail pharmacy, state boards
of pharmacy, Healthcare Distribution Management Associa-
tion, Healthcare Compliance Packaging Council, and con-
trolled shipping consultants. The members of the Project
Team included experts representing the breadth of the drug
product distribution chain, and two PSD Expert Committee
members attended as observers. The Project Team met six
times between October 2001 and July 2002. All meetings
were at USP headquarters in Rockville, MD, and were con-
sistently attended by a majority of members.

* Correspondence should be addressed to Claudia Okeke, US Pharmaco-
peia, 12601 Twinbrook Parkway, Rockville, MD 20852–1790; e-mail
cco@usp.org. Claudia Okeke serves as a liaison to the Expert Committee
on Packaging, Storage, and Distribution.
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As a first task, the Project Team developed a drug product
distribution map (Fig. 2) showing the processes involved
from the manufacturer to the patient and the associated gov-
erning bodies, regulations, statutes, and guidances. The map
outlines the process by which a drug product is shipped and
distributed from the manufacturer to the end user. The ap-
proximate number of entities for each of the identified dis-
tribution points is also indicated in Fig. 2. Each distribution
point has been numbered from 1 to 7, and the risk analysis
through the distribution was performed using this number-

ing system. Fig. 2 also delineates the complexity of handling
pharmaceuticals within the distribution points and indicates
the relationships among the various points.

In order to further access and analyze these distribution
points, the team reviewed the approach used by the FDA
Center for Food Science and Nutrition (CSAN), namely,
the Hazard Analysis and Critical Control Point (HACCP)
application for food distribution (7).
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The HACCP principle is a systematic approach used in
the identification, evaluation, and control of food safety ha-
zards based on the following seven steps:
1. Conduct a hazard analysis.
2. Determine the critical control points (CCPs).
3. Establish critical limits.
4. Establish numbering procedures.
5. Establish corrective actions.
6. Establish verification procedures.
7. Establish record-keeping and documentation proce-

dures.
The Project Team felt the risks that may exist in the dis-

tribution of drug products could be evaluated based on sim-
ilar principles.

The Team identified low, medium, and high risk levels
throughout the distribution process. A total of 20 risks were
identified as shown in Table 1, which also estimates the per-
centage of drug products exposed to these risks. The Team
evaluated all of the risks and decided to focus on the high
risks. A total of 13 high risks were identified and are sum-
marized in Table 2. From these 13 risks, the Team estimated
the relative drug product volume exposed to these risks, and
this is summarized in Table 3, which shows that high risk
and high volume were associated with 9 items. The Project
Team met several times to review the individual risks and
discuss specific opportunities that might reduce or eliminate
these risks from the drug product distribution supply chain.
These 9 risks and the opportunities that were identified as a
result of this work formed the basis for the Team’s recom-
mendations to the PSD Expert Committee.

DISCUSSION

The recommendations for the nine high risk areas are dis-
cussed below.

CHANGING PRIMARY CONTAINERS WITH NO SUPPORTIVE

DATA

The first high-risk links, links 3–5, are summarized as re-
packaging for resale, repackaging pursuant to repackagers
and large-scale pharmacy, and the repackaging (individual
pharmacy) process that is conducted in a typical pharmacy
operation. These risks involve changing primary packaging
components with no supportive data. The Team recom-
mended the following for risk links 3–5: Provide more in-
formation to large and small repackagers by requesting that
manufacturers provide container–closure performance re-
quirements in each product’s labeling. These labeling state-
ments should provide information suitable for unit-dose
(blister packs) or multiple-unit containers (bottles).

Improve repackaging guidance/requirements in USP gen-
eral chapters and General Notices by: Removing inconsis-
tencies in bottle and blister repackaging regarding beyond-
use date (BUD) as well as aligning requirements for repack-
agers whether they are governed by the states (repackaging
pursuant to a prescription) or FDA (repackaging for resale).
USP allows a one-year BUD (up to the manufacturer’s ex-
piration date) for multiple-unit containers and one year for

blister packs if the repackager utilizes material that is ‘‘bet-
ter than PVC.’’ FDA allows a one-year BUD for multiple-
unit containers and up to six months or 25% of the remain-
ing manufacturer’s expiration date (i.e., the lesser of the
two) for blister packs. Revise confusing statements such
as ‘‘better than PVC’’ for BUD in the General Notices
and in general chapter h1146i Packaging Practice—Re-
packaging a Single Solid Oral Drug Product into a Unit-
Dose Container. BUDs should be based on proven con-
tainer–closure system performance requirements.

For moisture-sensitive products consider the following:
Higher barrier packaging could be used if there is sufficient
data to justify the proposed expiration date and if the pack-
aging material meets or exceeds what is approved for this
product. Equivalent or better barrier packaging should allow
the repackager to use the manufacturer’s expiration date.
For non–moisture-sensitive products any suitable packaging
should be allowed in order to use the manufacturer’s expira-
tion date (considering other sensitivities such as light and
oxygen) on the repackaged product. USP general chapter
h671i Containers—Permeation should be expanded to in-
clude classifications that will link blister specifications to
bottle specifications and consideration of Moisture Vapor
Transmission Rate (MVTR)/Unit concepts instead of per
day/per liter concepts.

PHYSICIAN SAMPLES STORED IN SALES REPRESENTATIVES’

CAR TRUNKS

For risk 9, which involved physician samples stored in
sales representatives’ car trunks, the team recommended
that education is required for sales representatives. USP
may consider a new general chapter: Good Storage and
Transport Practices of Physician Samples Handled by Sales
Representatives, which would indicate the following: Con-
sider the use of thermal protective containers for car trunks.
One mechanism may be to qualify these types of containers.
Publish an article in an appropriate trade journal to inform
sales representatives about good storage and distribution
practices for pharmaceuticals. USP should encourage alter-
native means of sample distribution for temperature-sensi-
tive products, e.g., the use of vouchers. Vouchers could be
presented to patients to take to participating pharmacies for
disbursement of the prescribed medication.

LACK OF SUPPORTIVE DATA FOR BEYOND-USE DATE

For risks 10–11 that involved BUD lacking supportive
data, the Project Team recommended the following: USP
should build a partnership with the National Association
of Boards of Pharmacy (NABP) to strengthen the commu-
nication link between the two organizations so that USP
standards are applied uniformly by all states. USP should
encourage NABP and state boards of pharmacy to require
BUD or ‘‘discard after’’ dates on all prescription labels in
all states.

NOTE—At present, not all states utilize a BUD on the
prescription label. USP should work with NABP and state
boards of pharmacy to mandate BUD for all states. The
Team acknowledges that because BUD is not recognized
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by most states, the use of ‘‘discard after’’ on prescription la-
beling should replace BUD discussed in the General Notices
and in h1146i.

USP should develop a general chapter on BUD to recog-
nize basic clinical concepts for repackaged products. One of
the questions raised was whether BUD should be influenced
by therapeutic regime (e.g., a one-year BUD for an oral anti-
biotic is not a good practice). The team recommended that
USP should encourage state boards of pharmacy not to al-
low a one-year BUD for antibiotics. For products dispensed
in manufacturers’ original containers, USP also should en-
courage state boards of pharmacy to allow a BUD to extend
to the manufacturers’ expiration date because the product is
not repackaged.

CHILD-RESISTANT MECHANISMS OFTEN CAUSE MEDICINES

TO BE STORED IN A COMPROMISED STATE

Practitioners should understand why bottles are the pri-
mary means for distributing and dispensing prescription
products in the United States. U.S. law requires special
packaging (also known as child-resistant packaging) for a
prescription product that is dispensed to a household and
is intended for oral administration. The protocol require-
ments and evaluation criteria are different for reclosable
packages (bottles) vs. nonreclosable packages (blister packs
and pouches).

Once a reclosable package (e.g., bottle with squeeze-and-
turn or push-and-turn closures) has been proven to pass the
test described in 16 CFR 1700 (as described in the Poison
Prevention Packaging Act of 1970, PPPA), it can be used for
any dosage form, regardless of count. The essence of the
evaluation criteria is that when reclosable packages are
tested sequentially with up to 200 children (42–51 months),
80% of the latter must not be able to remove the closures. In
addition, 90% of 100 adults (50–70 years old) tested must
be able to remove and properly resecure (if appropriate) the
closure. However, a nonreclosable package (e.g., a separate,
peel, push blister pack) is considered specific to the drug
product’s shape, size, and color, as well as the blister card’s
count and overall size. This means it is prudent to test each
and every blister package marketed to ensure that it meets
the requirements described in 16 CFR 1700. Unlike reclosa-
ble packages, for nonreclosable packages one must identify
a harmful dose to a 25-pound child in order to determine at
which point a failure occurs, i.e., how many units (tablets,
capsules, caplets, or sleepgels) a child can access before the
product causes harm.

The determination of this harmful dose is not straightfor-
ward because typically there are no data that directly corre-
late to this number. Generally, practitioners review data
from animal toxicity studies, clinical studies, and other ad-
verse events such as inadvertent overdose information.
Moreover, information about harmful doses varies during
a product’s life cycle. The harmful dose generated from re-
view of information, etc., is used as the basis for determin-
ing the failure level for a blister pack. Often times, for a new
chemical entity for which there is little information, the
harmful dose will default to a conservative number. This

number may translate to a failure if the child gains access
to one, two, or three units. It is important to note that when
a prescription product goes over-the-counter (OTC), the
product is generally half the maximum commercial strength,
which translates to a failure level that is twice what its pre-
scription strength was.

Given the subjective, costly, and uncertain nature of this
process (determination of harmful dose, design, develop-
ment, and testing of commercial blister packs), it is no sur-
prise that many drug manufacturers most commonly choose
bottles with counts between 30 and 5000 with either child-
resistant or non–child-resistant closures.

Unfortunately, this practice does not facilitate patient
compliance and often requires some form of repackaging
before the patient receives the product. As described earlier,
it is quite likely that the packaging utilized is inferior to the
manufacturer’s original packaging. In addition, the very act
of repackaging adds opportunity for problems (e.g.,
dispensing errors, mislabeling, cross-contamination of pro-
ducts) as well as cost. With this understanding, the Project
Team has made the following recommendations:

USP is encouraged to establish a dialogue with the Con-
sumer Product Safety Commission (CPSC) in order to edu-
cate CPSC about the impact of PPPA on drug product
distribution and about the need to create a balance for com-
pliance, poison protection and control, and to ensure proper
package protection. CPSC should reconsider the current
methodology for safety evaluation, i.e., the means of asses-
sing the toxicity for a 25-pound child. What is considered a
failure? — When a child gains access to 3–4 tablets or 1–2
tablets? In lieu of this, what will be the estimated time to
fully develop a commercial blister pack? The Project Team
believes that among the advantages of blister packs are im-
proved compliance, reduced dispensing errors, eliminated
product cross-contamination, and increased professional ef-
ficiency. To revise the nonreclosable package protocol, a re-
view of the European direction (mechanical testing, F=8)
should be considered and compared to the current U. S. non-
reclosable protocol.

The Project Team also recommended development of a
USP general chapter for pharmacy dispensing and CR
packages. These activities highlight the need to continu-
ously educate pharmacists about PPPA issues. Most phar-
macists are aware that any prescription drug dispensed to
the home must utilize a CR closure unless the patient de-
clares and signs against it. Pharmacists should continue to
ensure that patients know they can request non-CR closures.
Pharmacists should also encourage the use of 2-way (CR
and non-CR) closures at pharmacies.

SHIPMENT VIA MAIL WITH NO TEMPERATURE CONTROL

REGARDLESS OF REPACKAGING OR USE OF ORIGINAL

CONTAINER

For risk 13 involving shipment via mail with no tempera-
ture control (regardless of repackaging or use of original
container), the Project Team recommended that USP should
recognize the rapid growth in mail-order pharmacy distribu-
tion and provide appropriate standards because the United
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States economy offers opportunities for mail distribution,
and continued growth is expected in this area. USP should
consider the question of how great a risk is involved in ship-
ping via mail. Results of the 1995 USP mailbox study (6)
showed that St. Louis mailboxes exhibited temperatures as
high as 136 8F; there was no humidity monitoring even
though USP’s initial shipping study monitored humidity
(2). The risks associated with exposure to extreme tempera-
ture and humidity are the most common issues for solid oral
dosage forms. USP should consider a humidity study to de-
termine relevant concerns. The study sites should include St.
Louis, MO, and Miami, FL, and should evaluate changes
during a 12-month period, monitoring both high and low
humidity.

STORAGE AND HANDLING OF MEDICINES AT THE PATIENT

LEVEL

For risks 14–19 that involved storage and handling of
medicines at the patient level, the Project Team recom-
mended that USP should promote education on this topic
by partnering with industry and government agencies to de-
velop a USP education program for patients. The following
tools should be considered:
� Public service announcements such as TV, radio, and

print
� Brochures
� Bumper stickers
� Web site.

Potential partners for this project could include
� Dispensing pharmacists
� Trade organizations (PhRMA and GPhA)
� State boards of pharmacy
� American Association of Retired Persons (AARP)
� Department of Health and Human Services (HHS).

MULTIPLE MEDICATIONS IN ONE CONTAINER AT HOME

Risk 16 involved placing multiple medications in one
container at home. The Project Team recommended that:
USP should establish a task force for the review and imple-
mentation of customized patient medication packages and
add to what is currently available in USP general chapter
h661i Containers. USP should develop patient-compliant
packaging tools that will be determined by a task force con-
sisting of the following potential partners:
� Dispensing pharmacists
� State boards of pharmacy
� American Society of Consultant Pharmacists
� Healthcare Compliance Packaging Council (HCPC).

COMPLIANCE

For risk 17 that involved compliance, the Project Team
recommended that USP should encourage packaging for-
mats such as unit-dose packaging that facilitate patient com-
pliance and utilize h1136i Packaging—Unit of Use. to
address these issues. USP should recognize that there are
other partners who should participate in reviewing and re-
vising this chapter. USP should plan a meeting with CPSC

to review unit-dose packaging issues. USP should consider
and evaluate the possible role of USP in addressing the fol-
lowing patient compliance issues:
� CPSC and poisonings
� USP standards and product protection
� USP mandatory standards and patient compliance.

PHARMACY DISPENSING ERRORS

For risk 20 that involved pharmacy dispensing errors, the
Project Team recommended that USP should utilize the ef-
forts of the Project Team on Standardized Imprint Codes for
Solid Oral Dosage Forms (SODFs). USP should focus on
immediate impact areas such as instances when the wrong
drug product is labeled and/or dispensed or, in some in-
stances, omission of expiration date, BUD, or ‘‘discard-
after’’ dates. USP should consider developing a new general
chapter on labeling that would include manufacturer’s con-
tainer labeling (i.e., typefaces, fonts, colors, tablet pictures,
etc.); prescription container labeling; and a consideration of
how to differentiate between various prescription vials in
the patient’s possession.

Lack of education was the common theme in many of the
identified risk areas. This offers USP leadership opportu-
nities for setting public standards within the traditional
USP spheres of influence — drug manufacturers, repacka-
gers, wholesalers, NABP, state boards of pharmacy, and dis-
pensing pharmacists — and in some new spheres of
influence, e.g., CPSC and the general public.

The Project Team chair presented these recommendations
to the PSD Expert Committee in August 2002.

SUMMARY

The Project Team proposes that, based on the recommen-
dations presented here, work remains to be done with the
Expert Committee toward implementing these recommen-
dations. This Stimuli article, in fact, may be used as the
source document for a future USP Open Conference on
PSD issues under the joint sponsorship of both USP and in-
dustry. The Project Team welcomes the opportunity to par-
ticipate as part of the planning committee for the conference
and believes that information gathered from the conference
would be meaningful and valuable to the PSD Expert Com-
mittee.

Finally, the PSD Project Team would like to thank USP
for the opportunity to provide advice on pharmaceutical
packaging, storage, and distribution issues, and we welcome
our future partnership in developing public standards on
these topics. The Project Team would like to acknowledge
R. Bishara, C. Okeke, and R. Hollander for their work on
early drafts and in finalizing this manuscript.
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Table 1. High, Medium, and Low Risks to Drug Products through the Distribution Process

Risk
Number

Boxes on
DP Distri-
b u t i o n
Chart

DP Originiation Point Where Is
the Issue?

Risk Condition Ri sk As-
se ssmen t
(H/M/L)

Percentage
of Drug
Product
Volume
Exposed to
Risk
(H/M/L)

1 1 to 2; 1 to
3; 1 to 4; 1

to 5

Innovator/Generic/MFG Transit Shipment without tempera-
ture control

L H

2 3 to 2; 2 to
4; 3 to 4

Repackagers Transit Shipment without tempera-
ture control

L L

3 2 Repackagers for resale Repacka-
gers

Changing primary packag-
ing components without
supporting data

H L

4 2/4 Repackagers pursuant to an
Rx (large-scale)

Repacka-
gers

Changing primary packag-
ing components without
supporting data

H L/M

5 2/4 Back-of-pharmacy repacka-
ging (individual Rx)

P h a r m a -
cies

Changing primary packag-
ing components without
supporting data

H H

6 2 Repackagers for resale Repacka-
gers

Loss of original lot number
and exp date (loss of trace-
ability)

L L

7 2/4 Repackagers pursuant to an
Rx (large-scale)

Repacka-
gers

Loss of original lot number
(loss of traceability)

L L/M

8 2/4 Back-of-pharmacy repacka-
ging (individual Rx)

P h a r m a -
cies

Loss of original lot number
(loss of traceability)

L H

9 5 Innovator/generic/MFG S a m p l e
distributor
(sales rep)

Storage in uncontrolled con-
ditions

H L

10 4 Pharmacy (repackaged) to
patient

Pharmacy BUD lacking supportive
dating

H H

11 4 Pharmacy to patient Pharmacy Little practical application
of beyond-use date to con-
sumer

H H

12 1, 2, & 4 Pharmacy to patient Pharmacy Child resistance mechan-
isms often cause meds to
be stored in a compromised
state

H H

13 4–7 Mail-order pharmacy Transit Shipment without tempera-
ture control (irrespective of
repackaging.)

H M

14 7 Pharmacy Patient Improper storage H H

15 4 Pharmacy Pharmacy Multiple meds in one con-
tainer (pharmacy)

L L
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Table 1. High, Medium, and Low Risks to Drug Products through the Distribution Process (continued)

Risk
Number

Boxes on
DP Distri-
b u t i o n
Chart

DP Originiation Point Where Is
the Issue?

Risk Condition Risk As -
ses smen t
(H/M/L)

Percentage
of Drug
Product
Volume
Exposed to
Risk
(H/M/L)

16 7 Pharmacy Patient Multiple meds in one con-
tainer (home)

H H

17 4–7 Pharmacy Patient Noncompliance H H

18 4–7 Pharmacy Patient Lack of targeted patient edu-
cation on storage

L H

19 7 Pharmacy Patient Lack of targeted patient edu-
cation on storage

H H

20 4 Pharmacy Pharmacy Pharmacy dispensing errors H H
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Table 2. High Risks during the Drug Product Distribution Process

Risk
Number

Boxes on
DP Distri-
bution
Chart

DP
Origina-
tion
Point

Where Is
the
Issue?

Risk Condition Risk Assessment
(H/M/L)

Percentage
of Drug
Product
Volume
Exposed
to Risk
(H/M/L)

Notes

3 2 Repacka-
gers for
resale

Repacka-
gers

Chang ing p r i -
mary packaging
components with-
out support ing
data

H L Risks 3, 4, & 5
are essent ia l ly
the same , ju s t
characterized by
volume through
the r e spec t i ve
part of the chain.4 2/4 Repacka-

gers pur-
suant to an
Rx (large-
scale)

Repacka-
gers

Chang ing p r i -
mary packaging
components with-
out support ing
data

H L/M

5 2/4 Ba ck - o f -
pharmacy
r e p a c k a -
ging (indi-
vidual Rx)

P h a r m a -
cies

Chang ing p r i -
mary packaging
components with-
out support ing
data

H H

9 5 Innovator/
g e n e r i c /
MFG

S a m p l e
distributor
(sales rep)

Storage in uncon-
trolled conditions

H L Increased educa-
t ion of impor-
tance of storage
and transportation
of physician sam-
ples. Show them
temperature data.
Consider alterna-
tive modes of dis-
t r i b t i o n f o r
products known
to be moisture/
h e a t s en s i t i v e
(vouchers/cool-
ers).

10 4 Pharmacy
( r e p a c k -
a g e d ) t o
patient

Pharmacy BUD in lack of
supportive dating

H H Increased educa-
tion about what
BUD means and
how it is to be
used. Enlist sup-
port from NABP.

11 4 Pharmacy
to patient

Pharmacy Little practical
app l i ca t i on o f
BUD to consu-
mer.

H H Recommend al-
t e r n a t i v e s f o r
how to refer to it
o n R x l a b e l .
‘‘Discard Date.’’
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Table 2. High Risks during the Drug Product Distribution Process (continued)

Risk
Number

Boxes on
DP Distri-
bution
Chart

DP
Origina-
tion
Point

Where Is
the
Issue?

Risk Condition Risk Assessment
(H/M/L)

Percentage
of Drug
Product
Volume
Exposed
to Risk
(H/M/L)

Notes

12 1, 2, & 4 Pharmacy
to patient

Pharmacy Child resistance
mechanisms used
often cause meds
to be stored in a
c om p r om i s e d
state.

H H Improve instruc-
tions for multiple
unit containers
by pharmacist. In-
crease awareness
for patients when
there are no chil-
dren in the house-
hold that they can
request non-CR
packages.

13 4–7 Mail-order
pharmacy

Transit Shipment without
temperature con-
trol (irrespective
of repackaging)

H M Recommend a
study to verify
that current mail-
order practices
are sufficient to
adequately pro-
tect the dosage
form during ship-
ping.

14 7 Pharmacy Patient Improper storage H H Education is es-
sent ia l . Publ ic
service announce-
ment (PSA) re-
c o m m e n d e d .
Keep out of med-
icine cabinet and
out of reach of
children.

16 7 Pharmacy Patient Multiple meds in
one c on t a i n e r
(home)

H H R e c o m m e n d
pharmacist pack-
age in more pa-
tient-compliant
packaging.

17 4–7 Pharmacy Patient Noncompliance H H R e c o m m e n d
compliance pack-
ag ing be used
wherever practi-
cal because it will
negate many of
the issues above.
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Table 2. High Risks during the Drug Product Distribution Process (continued)

Risk
Number

Boxes on
DP Distri-
bution
Chart

DP
Origina-
tion
Point

Where Is
the
Issue?

Risk Condition Risk Assessment
(H/M/L)

Percentage
of Drug
Product
Volume
Exposed
to Risk
(H/M/L)

Notes

19 7 Pharmacy Patient Lack of targeted
patient education
on storage

H H Can roll into risk
14.

20 4 Pharmacy Pharmacy Pharmacy dispen-
sing errors

H H First we need to list
the types of dispen-
s ing e r ro r s and
their causes; then
we can make rec-
ommendations.

Table 3. High Risks during the Drug Product Distribution Process and Risk Numbers Targeted for Recommendations

Risk Num-
ber

Boxes on
DP Distri-
bution
Chart

DP Origination Point Where Is
the Issue?

Risk Condition Ri sk As-
se ssmen t
(H/M/L)

Percentage
of Drug
Product
Volume
Exposed to
Risk
(H/M/L)

5 2/4 Back-of-pharmacy repacka-
ging (individual Rx)

P h a r m a -
cies

Changing primary packag-
ing components without
supporting data

H H

10 4 Pharmacy (repackaged) to
patient

Pharmacy BUD lacking supportive
dating

H H

11 4 Pharmacy to patient Pharmacy Little practical application
of BUD to consumer.

H H

12 1,2, & 4 Pharmacy to patient Pharmacy Child-resistance mechan-
isms often caused meds to
be stored in a compromised
state.

H H

14 7 Pharmacy Patient Improper storage H H

16 7 Pharmacy Patient Multiple meds in one con-
tainer (home)

H H

17 4–7 Pharmacy Patient Noncompliance H H

19 7 Pharmacy Patient Lack of targeted patient edu-
cation on storage

H H

20 4 Pharmacy Pharmacy Pharmacy dispensing errors H H
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The Industry Needs a More Workable Means of Column Classification

Preston Poulter,*Poulter Scientific Inc.

ABSTRACT This article discusses the futility of attempting to define liquid chromatography columns by the chemistry of
their manufacturing processes. The author proposes that columns be classified strictly by their performance on benchmark
tests. The author further proposes that column equivalence for a given method be determined solely by performance on
benchmark tests such as the Engelhardt test. Ultimately, the author recommends that column equivalence be recognized as a
situational condition where the most relevant factor is the specific application where equivalence is to be determined. Ul-
timately, the author suggests that column equivalence depends on the application for which the column will be used, and
columns should be tested accordingly.

INTRODUCTION

Determining how to classify liquid chromatography (LC)
columns is of great importance to chromatographers be-
cause it simplifies the method development and validation
process. It is easier to define column equivalence when pre-
existing column classifications have been established.

Unfortunately, in their current form USP designations are
too broad to be of much use in this regard (1, 2). The USP
designations simply classify columns based upon what li-
gand has been bound onto what form of silica (e.g., porous,
nonporous, pellicular, etc.). Several authors have defini-
tively shown that many columns grouped under the same
USP designation will perform quite differently on the assay
(2–5).

The main manufacturing factors that influence
chromatography column separations are reviewed below.

FACTORS AFFECTING COLUMN CHROMATOGRAPHIC

SEPARATIONS

BASE SILICA COMPOSITION

Pellicular silica—The earliest brands of LC columns fea-
tured an inert core surrounded by porous silica. These
brands have fallen out of use because of their inferiority
to more modern media (6).

Bulk/irregular silica—Earlier brands of chromatography
columns used bulk/irregular silica for the support. This sil-
ica has metal impurities such as calcium, iron, and alumi-
num, and its irregular geometry does not allow it to be
packed as efficiently as spherical materials (6, 7).

Silica Reacted from Stabilized Sols—Many popular
marketed brands use a base silica reacted from stabilized
sols. The resulting silica is spherical and will pack to high
efficiencies; however the silica still contains metal impuri-
ties (7).

Silica Reacted from Tetraethyl-Orthosilicate
(TEOS)—The majority of columns on the market today
are derived from TEOS silica. The base silica has virtually
no metal impurities and packs to high efficiencies (7, 8).

Polymer-Modified TEOS—Quite recently certain brands
of columns have been based on silica that incorporates inert
groups into the silica chemistry. The manufacturer claims
that this silica is inherently more rugged and stable and will
reduce tailing (8).

BASE SILICA PORE SIZE

Pore Size less than 200 Å—Silica with a pore size less
than 200 Å is the predominant choice for pharmaceutical
and other small-molecule separations.

Pore Size greater than 200 Å—Silica with a pore size
greater than 200 Å is the predominant choice for protein and
peptide separations as well as other macromolecules (9).

ADDITIONAL BASE SILICA PROCESSING

Unaltered—Many base silicas are not fired, autoclaved,
or otherwise processed (outside of acid washing) before
bonding.

* Correspondence should be addressed to Preston Poulter, Poulter Scientific
Inc., 730 Washington Blvd. #B, Venice, CA 90291; telephone: 310-823-
0811; e-mail: prestonp@poulterscientific.com.
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Base deactivated—Some base silicas are further pro-
cessed. The exact processes are proprietary and presumably
are different from manufacturer to manufacturer, but they
typically involve reacting the silica with a base and firing
it in order to systematically etch away some of the silica
spheres’ rough edges and to generate a smoother particle
(10).

Polymer Coated—A small number of brands on the mar-
ket feature a polymer coating applied to the silica before the
bonding step (11).

ENDCAPPING

None—Some brands on the market do not have an endcap-
ping step.

Small Branched Alkanes—The majority of brands on
the market have trimethylsilane or a similarly branched
alkane.

Other endcapping—A growing number of brands on the
market feature nontraditional endcapping (10, 11).

LIGAND BONDING STYLE

Monomeric—If the ligands are covalently bound in a
monomeric fashion, then the ligands will form a fairly un-
imolecular layer above the silica surface. The ligands typi-
cally used for this reaction have only a single given
chlorosilane to bond to a given silica site.

Polymeric—If the ligands are covalently bound in a poly-
meric fashion, then the ligands will form a loosely net-
worked polymer above the silica surface. The ligands
typically have three chlorosilanes to bond either to a given
silica site or to other ligands.

Oligomeric—If the ligands are covalently bound in an oli-
gomeric fashion, then the ligands will be bound in a fashion
similar to the polymeric reaction. However, the ligands ty-
pically have only two chlorosilanes to bond either to a given
silica site or to other ligands. This results in more ligands
being bound to the silica than in the monomeric fashion
but less than in the polymeric fashion (12). NOTE—These
groups could be further broken down into stoichiometric
and nonstoichiometric ratios of ligand to silica if so desired.

LIGAND

Alkanes—Brands with simple alkanosilanes bound to a
silica surface make up the majority of the columns sold
on the market.

Alkanes with Embedded Polar Phases—Columns
that incorporate an embedded polar phase into the alkyl
chain have become more popular in recent years.

Phenyl Groups—Columns that incorporate phenyl chem-
istry into the alkyl chain are often used to separate aromatic
compounds.

Cyano Groups—Columns that feature a cyano group as
the ligand can be used in either reversed or normal phase.

Amino Groups—Columns that feature an amino group
can be used in either reversed or normal phase.

Anion-Exchange Groups—Columns that feature anion-
exchange groups are used for anion separations.

Cation-Exchange Groups—Columns that feature cati-
on-exchange groups are used for cation separations (7).

CALCULATIONS

The foregoing parameters for column classification are
really quite crude. No chromatographer would consider a
C18 to be equivalent to a C8 column, but by classifying
all silica together with alkanes, the author has done just that.
Indeed, one could easily expand the foregoing six classifica-
tions into more than triple that number given the highly spe-
cialized nature of today’s chromatography marketplace.

Making matters even more complicated, if we were to use
the foregoing distinctions to determine the number of USP
classifications needed, we would arrive at an unworkable
number of classifications:

Base silica composition dis-
tinctions:

4

Pore size distinctions: 2
Base silica process distinc-
tions:

3

Number of base silica classifications: (4 x 2 x 3) = 24
Bonding style distinctions: 3
Endcapping distinctions: 3
Ligands: 7
Number of ligand classifications: (3 x 3 x 7) = 63

Total number of USP classifications required by these dis-
tinctions = (63 � 24)+ 24 (Classifications for silica with no

bonding) = 1536
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RECOMMENDATIONS

Clearly an equivalency system based on 1536 options
would be unworkable. Even worse, users would have little
confidence that the chromatography brands so classified
would actually perform equivalently for a specific separa-
tion. A recent manuscript submitted to American Labora-
tory reduced the number of LC column types to only 24
separate groups, but a great deal of simplification was neces-
sary to do so (13). Furthermore, unless the classification sys-
tem continues to expand as manufacturers innovate, it will
only become outdated.

Using a performance-based classification system will
avoid most of these problems. Many test mixes have been
proposed for quantifying the critical parameters of LC col-
umns for comparison, but a slight variant of the test mix ori-
ginally proposed by Engelhardt is useful because of its low
relative standard deviation and relative simplicity (4, 14).
This test mix has 8 components that are described below
in order of elution:
1. Uracil: This compound is often used as an indicator of

the retention time of an unretained component.
2. Phenol: The comparative retention factors of phenol

and toluene are indicative of the column’s polar selec-
tivity.

3. Toluene: See phenol, above.
4. Flourene: This inert and well-behaved compound is a

good benchmark for estimating column efficiency and
peak tailing.

5. Butylbenzene: The comparative retention factors of bu-
tyl- and amylbenzene are indicative of the column’s hy-
drophobic selectivity.

6. o-Terphenyl: The comparative retention factors of o-
terphenyl and triphenylene are indicative of the col-
umn’s steric selectivity.

7. Amylbenzene: See butylbenzene, above.
8. Triphenylene: See o-terphenyl, above.

On the basis of this test mix, any two columns that dem-
onstrate similar values for polar, steric, and hydrophobic se-
lectivity could be classified as equivalent. This allows chro-
matographers, by the convenient use of a single assay, to
assign comparative parameters to new chromatography
brands as the latter are introduced. Unfortunately, the inter-
actions at work in a specific application are too numerous to
catalog, let alone analyze. Although this is a quick and easy
method for determining column equivalency, additional
work should be undertaken to ensure that the column passes
the specific method’s system suitability requirements.
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Methods of Setting and Measuring Flow Rates in Pharmaceutical Impactor Experiments

Bo Olsson* and Lars Asking, AstraZeneca R&D

ABSTRACT The U.S. and European Pharmacopeias prescribe the same procedure for setting the impactor flow rate in fine
particle assessment of dry powder inhalers (DPIs). Briefly, with the DPI in place in the inlet of the impactor, the flow is
adjusted to obtain a 4-kPa pressure drop over the DPI. Without disturbing the flow regulating valve, the DPI is replaced with a
flowmeter. The measured flow rate is then used to obtain the cut-off diameter of the inertial stages of the impactor for the
condition when the DPI is situated in the inlet. The procedure relies on two essential requirements stated in the text: first, that
critical (sonic) flow is maintained in the regulating valve; and second, that the flowmeter is calibrated for the volumetric flow
exiting the meter.

In this paper we show that for a broad range of flow rates and pressure drops the pharmacopeial method provides accurate
information regarding the flow rate of interest. Further, because it may be difficult to acquire a meter calibrated for the exiting
flow, we propose an alternative that uses a flowmeter calibrated for the entering flow rate. Procedures to measure the flow at a
predefined pressure drop, and to set the flow to a predefined rate, are shown to provide the same accuracy as the pharma-
copeial method.

INTRODUCTION

Impactors are widely used for assessing the aerodynamic
particle size distribution of the aerosols generated by phar-
maceutical inhalers. Standardized methodology is described
in the U.S. and European Pharmacopeias for pressurized
metered-dose aerosols and for dry powder inhalers (DPIs)
(1, 2). The standard test flow rate for a DPI is set to the rate
that creates a 4-kPa pressure drop over the inhaler (with a
ceiling at 100 L/min). In order to know the cut-off diameter
of the impactor stages during the measurement, it is neces-
sary to know the volumetric flow rate at the inlet of the im-
pactor downstream from the DPI (in this paper, flow rate
always refers to volumetric flow rate, unless otherwise ex-
plicitly stated). Because of the expansion of air over the
pressure drop, this flow rate is higher than the flow rate en-
tering the DPI. Likewise, depending on the pressure drop
over the flowmeter, the volumetric flow rate entering the
meter is lower than that exiting the meter. Further, the flow
rate into the meter and into the DPI may not be the same
because they are unlikely to exert the same resistance to
flow and may therefore affect the flow system differently.

The pharmacopeial method of setting impactor flow pur-
ports to elegantly solve this difficulty by imposing two re-
quirements. First, the flow in the regulating valve must be
critical, i.e., the flow velocity in the valve should be sonic;
and second, the flowmeter must be calibrated for the volu-
metric flow exiting the meter. The calibration requirement is
imposed in order to get the flow measurement directly at the
relevant place in the system (i.e., at the inlet of the impac-
tor). The critical flow requirement is imposed in order to
make the volumetric flow at the inlet of the impactor insen-

sitive to changing conditions, both downstream from the
valve (e.g., pump fluctuations) (3) and, importantly, up-
stream from the valve (e.g., replacing the DPI with the flow-
meter). The reason that changing conditions should not
affect the volumetric flow in the impactor is that as long
as critical conditions are maintained in the regulating valve,
the air velocity in the valve remains at the speed of sound,
which is independent of pressure (3). Because the cross-sec-
tional area is constant (the valve is not adjusted), this means
that the volume flow in the valve is constant. When the DPI
is replaced with the flowmeter, the effect is that the pressure,
and hence density (but not viscosity [3]), of the air within
the system changes. However, because the geometry within
the flow system is constant, the air speed in the valve is con-
stant, and the air viscosity is constant; this means that the
volume flow at any point within the system (i.e., down-
stream from the constrictor in the inlet) also should be con-
stant. What changes is the volumetric flow rate entering the
DPI or the flowmeter, in order to balance the change in pres-
sure (density) within the system. Therefore, the mass flow in
the system will also change. We are, however, not con-
cerned with mass flow, because impaction efficiency is re-
lated to the Stokes number (which in terms of air properties
depends only on velocity and viscosity).

Recently, the ability of the pharmacopeial method to pro-
vide accurate information of the volumetric flow rate at the
inlet of the impactor has been challenged (4). However, the
experiments that were cited in the paper to show the inade-
quacy of the pharmacopeial method did not involve any
measurement of flow rate with the DPI placed in the inlet
of the impactor. In this paper, we present results of direct
measurements of the flow rate at the inlet of the impactor

* Correspondence should be addressed to Bo Olsson, AstraZeneca R&D,
Experimental Medicine, Lund S-221 87, Sweden; Phone: +46 46 338601;
Fax: +46 46 337192; E-mail: bo.l.olsson@astrazeneca.com.
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downstream from a mock DPI placed in the inlet to demon-
strate that the pharmacopeial method provides accurate flow
rates.

The same authors (4) also highlight the fact that meters
calibrated for exiting flow are nonstandard and difficult to
acquire. An alternative method for setting the flow with a
standard meter calibrated for the entering flow was pro-
posed. The latter relies on using an extra valve to strangle
the flowmeter to the same pressure drop as that over the
DPI (in order to affect the system equally with the DPI
and the strangled meter) and using a pressure drop correc-
tion factor to compensate for the expansion of air over the
strangled meter. In this paper we show that there is no need
to strangle the meter and that a pressure drop correction fac-
tor can be applied directly after a one-point estimate of the
meter’s flow resistance.

MATERIALS AND METHODS

FLOW SYSTEM

A flow system according to the pharmacopeias (1, 2) was
modified (Figure 1) so that the inlet of the impactor (a multi-
stage liquid impinger used without filter) incorporated an in-
line flowmeter (LFE1) and an extension tube with an at-

tached pressure drop meter (�P, Special Instruments Digi-
ma Junior, 0–20 kPa, one end open to the atmosphere).
Transducers were used for measuring the absolute pressure
of the atmosphere (Patm) and at both sides (P2 and P3) of the
flow regu l a t i ng need l e va lve (Pa rke r Hann ifin
8FV12LNSS). A flowmeter (LFE2) with a removable flow
resistor (R) downstream from the meter (as shown in Figure
1), or a rotameter, was connected to the extension tube. The
flow resistors were made by drilling a hole through a plastic
body that fitted tightly in the flow line. At a flow rate of 60
L/min, the pressure drop over the resistor was about 4.2 and
8.4 kPa for R1 and R2, respectively (representing a me-
dium- and a high-resistance DPI).

FLOWMETERS

The LFE1 and LFE2flowmeters consist of a Laminar
Flow Element (LFE, Special Instruments, size 1, calibrated
between 10 and 100 L/min) that exerts a low pressure drop
related to the volumetric flow rate and a differential pressure
transducer (Furness FCO12, 0–2 kPa).

Rotameter A (KDG Mobrey 2100, 10–95 L/min) had a
lower flow resistance than Rotameter B (Josef Heinrichs
452607/1, 400–4500 L/hr) and a more precise scale.

Fig. 1. Schematic of flow system with the LFE2 connected to the extension tube (shown with removable resistor in place). Alternatively,

the flow system was used with a rotameter connected to the extension tube.

INTERCALIBRATION OF FLOWMETERS

LFE2 has a primary calibration for the flow exiting the
meter, traceable to the Danish national standard for volu-
metric flow, and it was used as master. LFE1 was intercali-
brated to LFE2 using the setup in Figure 1 without a resistor.
Hence, the calibration for LFE1 refers to the flow entering
the meter. The two rotameters were intercalibrated to LFE2
by connecting the outlet of LFE2 to the inlet of the rota-
meter. Hence, the reference point for the rotameters is the
inlet.

PHARMACOPEIAL METHOD TO MEASURE THE FLOW RATE

A setup according to Figure 1 was used. With a resistor in
place, the needle valve was adjusted to obtain a predefined
pressure drop as indicated by �P, and the flow rates mea-
sured by LFE1 and LFE2 were taken. The pressures P2
and P3 were checked to ensure critical flow (P3/P2 <0.5).
Without changing the needle valve, the resistor was re-
moved and flow rates were again taken.
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ALTERNATIVE METHOD TO MEASURE THE FLOW RATE

A setup according to Figure 1 was used. With a resistor in
place, the needle valve was adjusted to obtain a predefined
pressure drop as indicated by �P, and the flow rates mea-
sured by LFE1 and LFE2 were taken. The pressures P2
and P3 were checked to ensure critical flow (P3/P2 <0.5).
Without changing the needle valve, the resistor–LFE2 as-
sembly was replaced with first one and then the other of
the rotameters, and flow rates were again taken.

ALTERNATIVE METHOD TO SET THE FLOW RATE

A setup according to Figure 1 was used except that initi-
ally the resistor–LFE2 assembly was replaced with a rota-
meter. The rotameter was used to set a predetermined flow
rate according to the protocol given under Results and Dis-
cussion. The resistor–LFE2 assembly was then connected to
the extension tube without changing the needle valve. For
both resistors, the flow rate was measured using LFE1,
and the associated pressure drop was noted.

RESULTS AND DISCUSSION

PHARMACOPEIAL METHOD TO MEASURE THE FLOW RATE

The P3/P2 ratio was about 0.1, demonstrating critical
flow in the valve. The flow rates and pressure drops are gi-
ven in Table 1. The table shows the flow rate into the resistor
(QRin, measured by LFE2), the flow rate out of the resistor
(QRout, measured by LFE1), and the associated pressure drop
over the resistor including the LFE2 meter (�PR). The table
also shows the flow rate with no resistor in the flow line
(Qout; only the LFE2 results are shown). The results from
the LFE1 meter agreed to within �0.5%, demonstrating
the precision of the intercalibration.

The theoretical flow out of the resistor (cQRout, the prefix c
is used to indicate a calculated value) was calculated by ap-
plication of the ideal gas law for isothermal expansion (Boy-
le’s law):

The results (see Table 1) show very good agreement
(within�1%) between the calculated and the measured flow
out of the resistors.

Table 1 shows that the flow measured without a resistor
and the flow out of the resistor when the latter is in place in
the same system agree very well. The differences are within
�1% both for the calculated flow (next-to-last column) and
the directly measured flow (last column).

The results reported here are limited to flow rates below
100 L/min for a maximum pressure drop of 12 kPa. This is
an appropriate range because pressure drops above 12 kPa
are not relevant for pharmaceutical testing, and pharmaceu-
tical impactors are rarely used above 100 L/min. However,
higher flows may be of interest in other situations. Using a

similar setup with different flowmeters, we found good
agreement also for higher flow rates through a low resis-
tance (tested up to 250 L/min at 5-kPa pressure drop). This
is unsurprising because it should be expected that a flow
system is less affected at lower pressure drops.

The results of this study validate the pharmacopeial meth-
od of relying on critical flow to render the volumetric flow in
the impactor insensitive to changes in pressure drop at the
inlet up to at least 12 kPa. The method of replacing the DPI
with the flowmeter thus gives valid information on the flow
rate downstream from a DPI placed in the inlet.

Cox et al. (4) claim that the pharmacopeial method is
flawed. This conclusion, however, was drawn without mea-
suring the flow with the DPI in place and is critically based
on calculations implicitly assuming that the flow rate enter-
ing the system is independent of the resistance of the system
(i.e., assuming constant mass flow). As we have demon-
strated with actual measurements, this is a false assumption.
Our results show that the volumetric flow rate downstream
from the variable inlet resistance is constant (and hence that
the mass flow varies) when critical flow conditions are
maintained at the regulating valve.

ALTERNATIVE METHOD TO MEASURE THE FLOW RATE

If the flowmeter is calibrated for the exiting volumetric
flow (following the pharmacopeial method), the relevant
flow is measured directly. If the flowmeter is calibrated
for the entering volumetric flow, as for standard rotameters,
the results in the preceding section provide a strong indica-
tion that the relevant flow can be calculated from the mea-
sured flow and the pressure drop over the meter by using
Equation 1.

The experimental results obtained using the rotameters
are given in Table 2. Due to the pressure drop over the ro-
tameter, the indicated flow rate is lower than the flow rate
out of the rotameter. The calculated flow out of the meter
(cQAout or cQBout, Table 2) agreed to within �1% with that
measured with LFE1 (not shown). The difference between
the flow out of the resistor when in place (QRout, measured by
LFE1) and the calculated flow out of the rotameter was less
than 2% (Table 2). The precision is slightly lower than in the
previous section due to the lower resolution of the rotame-
ter’s reading scale.

These results validate the method of replacing the resistor
(e.g., a DPI) with a flowmeter calibrated for the entering
volumetric flow when the ideal gas law is used to calculate
the flow exiting the meter.

ALTERNATIVE METHOD TO SET THE FLOW RATE

In the preceding sections it was assumed that the target
flow is defined by a target pressure drop. Therefore, the task
was limited to measuring the flow rate that gives the desired
pressure drop over the DPI. However, often one desires to
set a predefined flow rate in the impactor. If a flowmeter cal-
ibrated for the exiting flow rate is used, this can be done di-
rectly. With a flowmeter calibrated for the entering flow rate,
a slightly more involved method is necessary. However, be-
cause we have demonstrated above that the volumetric flow
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rate in the impactor is insensitive to the pressure drop at the
inlet, it is sufficient to know the flowmeter’s pressure drop at
the target flow in order to calculate the meter reading corre-
sponding to the target exiting flow.

The relation between the pressure drop (�P) and the
downstream flow (Qout) can be approximated by a power
function. Usually the flow refers to the upstream flow; for
reasons of computational simplicity, we here chose to refer
to the downstream flow:

(�P)1/x = C � Qout [2]

where C can be viewed as a flow resistance coefficient. The
value of the exponent is conditional. For laminar flow in a
pipe, x is close to 1 (pressure drop proportional to flow rate),
whereas for an orifice x is close to 2 (square root of pressure
drop proportional to flow rate). For the resistors used in this
study, x was found to be about 1.9, which is typically the
value found also for DPIs. For the rotameters, x was found
to be about 1.3 and 1.6 for A and B, respectively.

If the pressure drop is known for a certain flow rate,
Equation 2 may be used to predict the pressure drop at an-
other flow rate. The closer the two flow rates and the lower
the pressure drop, the less important is the exact value of x.
This provides an opportunity for an iterative process in
which the estimated flow resistance coefficient at one flow
is used to predict the pressure drop at the target flow, which
then allows, by Equation 1, an estimation of the entering
flow corresponding to the target exiting flow (Tout). Adjust-
ing the valve to obtain this estimated meter setting, opera-
tors may perform a second iteration if required. The protocol
we tested experimentally is comprised of the following
steps:
1. With the flowmeter in the inlet, adjust the flow until the

meter reads the target flow; i.e., set Qin,1 to Tout. Hence,
in the first step we tacitly assume that the flowmeter has
zero resistance and that the entering and exiting flow
rates are equal; although this is incorrect, it provides
a defined starting point.

2. Measure the pressure drop, and calculate the exiting
flow rate using Equation 1:

Qout,1 = Qin,1 � Patm / (Patm – �P1)

3. From the exiting flow and pressure drop, calculate an
estimate of the flow resistance coefficient using Equa-
tion 2:

C1 = (�P1)1/x / Qout,1

4. From the estimated flow resistance coefficient, estimate
the pressure drop at the target exiting flow, again using
the relation expressed by Equation 2:

�PT,1 = (C1 � Tout)x

5. From the estimated pressure drop, calculate the entering
flow rate corresponding to the target exiting flow rate
using the relation expressed by Equation 1:

Qin,2 = Tout � (Patm – �PT,1) / Patm

6. Readjust the flow so the meter reads this estimate
(Qin,2), and from the remeasured pressure drop, calcu-
late the exiting flow rate Qout,2 using Equation 1. If
the difference between the calculated and target exiting
flows so merits, perform another iteration (from Step 3).

In practice, these calculations can be performed using a
single iteration formula:

Qin,(n+1) = Tout � [1 – (Tout /Qin,n)x � (�Pn /Patm) � (1 – �Pn /
Patm)x],

which for the first iteration (if Qin,1 = Tout) can be simplified
to:

Qin,2 = Tout � (1 – (�P1 /Patm) � (1 – �P1 /Patm) x ) [3]

This protocol requires that a specific value for x be used. If
the correct value for x is used, Equation 3 should give the
correct setting without further iterations. Because x may not
always be known, we tested the protocol using x = 1 to ob-
tain the results in Table 3. The results show that for both ro-
tameters and all three target flows, one iteration was
sufficient to obtain excellent precision (less than 1% differ-
ence between target and calculated flow exiting meter). The
error introduced by falsely using x = 1 isclearly insignifi-
cant, demonstrating that x need not be known. After the flow
had been set, the rotameter was replaced with a resistor, and
the flow downstream from the resistor was measured using
LFE1. The difference between the predetermined target flow
and the measured flow downstream from the resistor was
less than �2% (Table 3). Part of this small imprecision
can be ascribed to the rather low resolution of the rotameter
reading scale.

For practical use, Equation 3 may be further simplified
because the second term contributes very little unless the
flowmeter exerts a very high pressure drop:

Qin,2 � Tout � (1 – (�P1 /Patm )) [4]

For a pressure drop below about 6 kPa, the results of Equa-
tions 3 and 4 differ by at most 1%.

CONCLUSIONS

Direct measurements have demonstrated that using criti-
cal flow in the regulating valve renders the volumetric flow
rate downstream from a resistor at the inlet of an impactor
insensitive (�1%) to changes in flow resistance over a broad
range of elicited pressure drops (up to at least 12 kPa). This
validates the pharmacopeial method of replacing the DPI
with a flowmeter.
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Results have shown that the pharmacopeial requirement
for a flowmeter calibrated for the exiting volumetric flow
is unnecessary. The ideal gas law is able to convert ac-
curately between reference points upstream or downstream
from a flow restriction such as a flowmeter. Application of
the law requires knowledge of the pressure drop over the
flow restrictor and the atmospheric pressure.

A method to set a predetermined flow rate within the im-
pactor using a flowmeter calibrated for the entering volu-
metric flow has been shown to give an accurate setting
after a one-point estimation of the pressure drop over the
meter.
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Table 1. Results Using the Pharmacopeial Method to Measure the Flow Rate

R# Resistor in flow path No resistor Comparisons

Pressure
drop,
�PR

(kPa)

Flow
into R,
QRin

(L/min)

Flow
out of
R,
QRout

(L/min)

Calc.
flow out
of R*,
cQout

(L/min)

Flow out of
meter
without R,
Qout

(L/min)

Difference
(QRout–cQRout)/
QRout

(%)

Difference
(Qout–cQRout) /
Qout

(%)

Difference
(Qout–QRout) /
Qout

(%)

R1 2.00 39.7 40.6 40.5 40.5 0.3 0.0 -0.3
R1 4.00 56.0 58.4 58.4 58.5 0.0 0.3 0.3
R1 6.00 68.8 72.8 73.1 73.2 -0.5 0.1 0.6

R1 8.00 78.5 84.6 85.3 85.2 -0.8 -0.2 0.7

R2 2.00 26.8 27.5 27.4 27.3 0.5 -0.2 -0.7
R2 4.00 38.1 39.9 39.7 39.8 0.7 0.3 -0.3
R2 6.00 46.4 49.7 49.4 49.6 0.5 0.3 -0.2
R2 8.00 53.3 58.0 57.9 58.1 0.2 0.3 0.2
R2 10.00 59.0 65.5 65.6 65.9 -0.2 0.5 0.7
R2 12.00 63.9 72.3 72.6 73.0 -0.5 0.5 1.0

* Calculated from Equation 1, Patm = 100 kPa
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Table 2. Results Using the Alternative Method to Measure the Flow Rate

R# Resistor in flow No resistor, rotameter A No resistor, rotameter B

Pressure
drop,
�PR

(kPa)

Flow
out of R,
QRout

(L/min)

Flow into
meter A
QAin

(L/min)

Pressure
drop over
meter A
�PA

(KPa)

Calc.
flow out
of meter
A*

cQAout

(L/min)

Diff.
(cQAout–
QRout) /
QRout

(%)

Flow into
meter B
QBin

(%)

Pressure
drop over
meter B
�PB

(KPa)

Calc.
flow out
of meter
B*

cQBout

(L/min)

Diff.
(cQBout –
QRout)
/QRout

(%)

R1 2.00 40.5 40.2 0.81 40.5 0.0 39.8 2.59 40.8 0.8
R1 4.00 58.6 57.9 1.46 58.7 0.1 55.5 4.20 58.0 -1.1
R1 6.00 72.6 71.1 2.13 72.6 0.1 68.9 5.83 73.1 0.8

R1 8.00 84.7 82.6 2.80 85.0 0.3 78.9 7.45 85.3 0.6

R2 2.00 27.4 27.1 0.47 27.2 -0.7 26.8 1.73 27.2 -0.7
R2 4.00 39.6 39.4 0.79 39.7 0.4 38.9 2.52 39.9 0.8
R2 6.00 49.5 49.1 1.13 49.7 0.4 47.6 3.33 49.3 -0.5
R2 8.00 57.9 57.5 1.45 58.3 0.7 55.2 4.15 57.6 -0.5
R2 10.00 65.2 64.3 1.78 65.5 0.4 62.0 4.98 65.2 0.0
R2 12.00 72.1 70.9 2.12 72.4 0.5 68.0 5.81 72.2 0.2

* Calculated from Equation 1 (with index R replaced with relevant index), Patm = 100 kPa

Table 3. Results Using the Alternative Method to Set the Flow Rate

Item Rotameter A Rotameter B

With rotameter, Target, Tout (L/min) 30 60 80 30 60 80
without resistor Qin,1(L/min) 30 60 80 30 60 80

�P1 (kPa) 0.51 1.55 2.58 1.93 4.72 7.62
Qin,2* (L/min) 29.8 59.1 78.0 29.4 57.3 74.4
�P2 (kPa) 0.50 1.50 2.46 1.90 4.35 6.73
Qout,2 (L/min) 30.0 60.0 80.0 30.0 59.9 79.7

% difference from
target

0.0 0.0 -0.1 0.0 -0.2 -0.3

Without �PR1 (kPa) 1.20 4.22 7.23 1.23 4.28 7.30
rotameter, �PR2 (kPa) 2.43 8.40 14.27 2.51 8.58 14.28
with resistor QR1out (L/min) 29.8 59.3 79.5 30.3 59.9 79.3

QR2out (L/min) 29.8 59.1 79.1 30.4 59.8 79.0
(QR1out–Tout)/Tout (%) -0.5 -1.1 -0.6 1.1 -0.1 -0.8
(QR2out–Tout)/Tout (%) -0.5 -1.5 -1.2 1.3 -0.3 -1.3

* Calculated from Equation 3 using x = 1, Patm = 101 kPa
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NOMENCLATURE
This section includes supplements to the latest edition of the USP Dictionary of USAN and International Drug Names that

incorporate new United States Adopted Names (USAN) and revisions to existing Dictionary names. Also listed are Proposed

and Recommended International Nonproprietary Names (INN) when they have been announced by the World Health Orga-

nization.

Possible names suggested for use as USAN and INN are listed for public review and comment along with information on how

nonproprietary names are devised. In addition, readers may find articles relevant to current compendial nomenclature issues

that also occasionally report on related matters pertaining to USAN and INN.
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USP Dictionary of USAN and International Drug Names
2003 USP DICTIONARY SUPPLEMENT 1

IMPORTANT—Save this Supplement. This and all supplements appearing in PF are needed to keep the 2003 edition of the USP Dic-
tionary (USPD) up to date. The cumulative contents of the supplements to the current (2003) edition will be included in the next complete
edition of the Dictionary.

New United States Adopted Names (USAN)
The following are newly established United States Adopted Names (USAN). These names will not be listed cumulatively;

see preceding and succeeding numbers of PF for other new USAN to supplement the Dictionary main volume.

Aprinocarsen Sodium [2003] (ap ri noe’ kar sen).
C196H230N68Na19O105P19S19. 6853. (1) DNA, d(P-thio)(G-T-T-
C-T-C-G-C-T-G-G-T-G-A-G-T-T-T-C-A) nonadecasodium
salt; (2) 2’-Deoxy-P-thioadenylyl-(5’?3’)-2’-deoxy-P-thio-
cytidylyl-(5’?3’)-P-thiothymidylyl-(5’?3’)-P-thiothymidy-
lyl-(5’?3’)-P-thiothymidylyl-(5’?3’)-2’-deoxy-P-thioguany-
lyl-(5’?3)-2’-deoxy-P-thioadenylyl-(5’?3’)-2’-deoxy-P-
thioguanylyl-(5’?3’)-P-thiothymidylyl-(5’?3’)-2’-deoxy-P-
thioguanylyl-(5’?3’)-2’-deoxy-P-thioguanylyl-(5’?3’)-P-
thiothymidylyl-(5’?3’)-2’-deoxy-P thiocyticylyl-(5’?3’)-2’-
deoxy-P-thioguanylyl-(5?3’)-2’-deoxy-P-thiocytidylyl-
(5’?3’)-P-thiothymidylyl-(5’?3’)-2’-deoxy-P-thiocytidylyl-
(5’?3’)-P-thiothymidylyl-(5 ’?3 ’)-P-thiothymidylyl-
(5’?3’)-2’-deoxyguanosine nonadecasodium salt. CAS-
151879-73-1 [for base substance]. Treatment of non-small
cell lung cancer (antisense oligonucleotide; protein kinase
C-alpha inhibitor). (Lilly); Affinitak (Isis) ISIS 5321

Belimumab [2003] (be lim’ oo mab). C6714H10428N1816O2102S52.
151,716 daltons. Immunoglobulin G1, anti-(human cytokine
BAFF) (human monoclonal LymphoStatB heavy chain), dis-
ulfure with human monoclonal LymphoStatB �-chain, dimer.
CAS-356547-88-1. Treatment of autoimmune disease. Lym-
phoStat-B (Human Genome Sciences)

Esomeprazole Sodium [2003] (es oh me’ pray zole).
C17H19N3NaO3S. 367.40. (1) 1H-Benzimidazole, 5-methoxy-
2-[(S)-[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfi-
nyl]-, sodium salt; (2) 5-Methoxy-2-[(S)-[(4-methoxy-3,5-di-
methyl-2-pyridyl)methyl]sulfinyl]-1H-benzimidazole, so-
dium salt. CAS-161796-78-7. Gastric acid secretion
inhibitor. (AstraZeneca) H199/18 sodium

Everolimus [ 2003 ] (e ver oh’ li mus). C53H83NO14. 958.25. ( 1 )
(1R, 19S, 2S, 15R, 16E, 18R, 19R, 21R,23S,24E,26E,28E,30S,
32S,35R)-1,18-Dihydroxy-12-[(1R)-2-[(1S,3R,4R)-4-(2-hy-
droxyethoxy)-3-methoxycyclohexyl]-1-methylethyl]-19,30-
dimethoxy-15,17,21,23,29,35-hexamethyl-11,36-dioxa-4-
azatricyclo[30.3.1.04,9]hexatriaconta-16,24,26,28-tetraene-
2,3,10,14,20-pentaone; (2) (3S,6R,7E,9R,10R,12R,14S,
15E, 17E, 19E, 21S, 23S,26R,27R,34aS)-9,10,12,13,14,21,22,
23,24,25,26,27,32,33,34,34a-Hexadecahydro-9,27-dihy-
droxy-3-[(1R)-2-[(1S,3R,4R)-4-(2-hydroxyethoxy)-3-meth-
oxycyclohexyl]-1-methylethyl] -10,21-dimethoxy-
6,8,12,14,20,26-hexamethyl-23,27-epoxy-3H-pyrido[2,1-
c][1,4]oxaazacyclohentriacontine-1,5,11,28,29(4H,6H,31H)-
pentone; (3) 42-O-(2-Hydroxyethyl)rapamycin. CAS-
159351-69-6. Immunosuppressant. (Novartis Pharma)
RAD001

Exenatide [2003] (ex en’ a tide). C184H282N50O60S. 4186.6 (pep-
tide). (1) Exendin 4; (2) L-Histidylglycyl-L-glutamylglycyl-L-
threonyl-L-phenylalanyl-L-threonyl-L-seryl-L-aspartyl-L-leu-
cyl-L-seryl-L-lysyl-L-glutaminyl-L-methionyl-L-glutamyl-L-
glutamyl-L-glutamyl-L-alanyl-L-valyl-L-arginyl-L-leucyl-L-
phenylalanyl-L-isoleucyl-L-glutamyl-L-tryptophyl-L-leucyl-
L-lysyl-L-asparaginylglycylglycyl-L-prolyl-L-seryl-L-seryl-
glycyl-L-alanyl-L-prolyl-L-prolyl-L-prolyl-L-serinamide.
CAS-141732-76-5. Antidiabetic. (Amylin) AC002993;
AC2993A; AC2993; AC 2993; AC-2993; LY2148568

Firocoxib [2003] (fir oh kox’ ib). C17H20O5S. 336.40. (1) 2(5H)-
Furanone, 3-(cyclopropylmethoxy)-5,5-dimethyl-4-[4-
(methylsulfonyl)phenyl]-; (2) 3-(Cyclopropylmethoxy)-5,5-
dimethyl-4-[4-(methylsulfonyl)phenyl]furan-2(5H)-one; (3)
3-(Cyclopropylmethoxy)-4-(4-methylsulfonyl)phenyl)-5,5-
dimethylfuranone. CAS-189954-96-9. Treatment of pain, in-
flammation and fever. Equioxx (Merial) ML-1,785,713

Galiximab [2003] (gal ix’ i mab). Immunoglobulin G1, anti-(hu-
man CD80 (antigen)) (human-Macaca irus monoclonal
IDEC-114 heavy chain), disulfide with human-Macaca irus
monoclonal IDEC-114 �-chain, dimer. CAS-357613-77-5.
Treatment of psoriasis. (IDEC) IDEC-114

Istradefylline [2003] (iz tra’ de fye’ leen). C20H24N4O4. 384.43. (1)
1H-Purine-2,6-dione, 8-[(1E)-2-(3,4-dimethoxyphenyl)ethe-
nyl]-1,3-diethyl-3,7-dihydro-7-methyl-; (2) 8-[(1E)-2-(3,4-
Dimethoxyphenyl)ethenyl]-1,3-diethyl-7-methyl-3,7-dihy-
dro-1H-purine-2,6-dione. CAS-155270-99-8. Treatment of
Parkinson’s disease (adenosine A2A receptor antagonist).
(Kyowa) KW-6002

Ixabepilone [2003] (ix ab ep’ i lone). C27H42N2O5S. 506.70. (1)
17-Oxa-4-azabicyclo[14.1.0]heptadecane-5,9-dione, 7,11-di-
hydroxy-8,8,10,12,16-pentamethyl-3-[(1E)-1-methyl-2-(2-
methyl-4-thiazolyl)ethenyl]-, (1S,3S,7S,10R,11S,12S,16R)-;
(2) 1S ,3S ,7S ,10R ,11S ,12S ,16R ) -7 ,11-Dihydroxy-
8,8,10,12,16-pentamethyl-3-[(1E)-1-methyl-2-(2-methylthia-
zol-4-yl)ethenyl]-17-oxa-4-azabicyclo[14.1.0]heptadecane-
5,9-dione.CAS-219989-84-1. Antineoplastic; antimitotic.
(Bristol-Myers Squibb) [Note—The trivial name, azaepothi-
lone B, has appeared in literature.] BMS 247550-01

Lapatinib Ditosylate [2003] (la pa’ tin ib).
C29H26ClFN4O4S.2C7H8O3S.H2O. 943.48. (1) 4-Quinazolina-
mine, N-[3-chloro-4-[(3-fluorophenyl)methoxy]phenyl]-6-[5-
[[[2-(methylsulfonyl)ethyl]amino]methyl]-2-furanyl]-, bis(4-
methylbenzenesulfonate), monohydrate; (2) N-[3-Chloro-4-
[(3-fluorobenzyl)oxy]phenyl]-6-[5-[[[2-(methylsulfony-
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l)ethyl]amino]methyl]furan-2-yl]quinazolin-4-amine bis(4-
methylbenzenesulfonate) monohydrate. CAS-388082-78-8.
Anti-neoplastic agent. (GlaxoSmithKline) GW572016F

Pertuzumab [2003] (per tue’ zue mab). Immunoglobulin G1, anti-
(human neu (receptor)) (human-mouse monoclonal 2C4 hea-
vy chain), disulfide with human-mouse monoclonal 2C4 �-
chain, dimer. CAS-380610-27-5. Anti-neoplastic. (Genen-
tech) rhuMab 2C4

Rebimastat [2003] (re bim’ a stat). C23H41N5O5S. 499.67. (1) L-
Valinamide, N-[(2S)-2-mercapto-1-oxo-4-(3,4,4-trimethyl-
2,5-dioxo-1-imidazolidinyl)butyl]-L-leucyl-N,3-dimethyl-;
(2) (2S)-N-[(1S)-2,2-dimethyl-1-(methylcarbamoyl)propyl]-
4-methyl-2-[[(2S)-2-sulfanyl-4-(3,4,4-trimethyl-2,5-dioxoi-
midazolidin-1-yl)butanoyl]amino]pentanamide.CAS-259188-
38-0. Antineoplastic (matrix metalloproteinase inhibitor).
(Bristol-Myers Squibb) BMS 275291-01; D2163

Technetium Tc 99m Nitridocade [2003] (nye trid’ oh kade).
C10H20N3O2S4

99Tc. 441.50. (1) Technetium-99Tc, bis(ethox-
yethylcarbamodithioato-�S,�S’)nitrido-, (SP-5-21)-; (2) (SP-
5-21)-Bis(ethoxyethylcarbamodithioato-�S,�S’)nitri-
do[99mTc]technetium. CAS-131608-78-1. For in-vivo diagno-
sis of coronary artery disease. Cisnoet (Berlex) 99mTcN-
NOET

Varenicline Tartrate [2003] (var e ni’ kleen). C13H13N3.C4H6O6.
361.35. (1) 6,10-Methano-6H-pyrazino[2,3-h][3]benzaze-
pine, 7,8,9,10-tetrahydro-, (2R,3R)-2,3-dihydroxybutanedio-
ate (1:1); (2) 7,8,9,10-Tetrahydro-6,10-methano-6H-
pyrazino[2,3-h][3]benzazepine (2R,3R)-2,3-dihydroxybuta-
nedioate. CAS-375815-87-5. Smoking cessation (selective ni-
cotinic receptor modulator). (Pfizer) CP-526,555-18
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Revisions of United States Adopted Names (USAN)

The following are revisions of existing United States Adopted Names (USAN) and other names.

Stannsoporfin
Change the pronunciation to read:
(stan soe pore’ fin)
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Suggested United States Adopted Names

The United States Adopted Names (USAN) program is the spe-
cifically organized effort in the United States directed to producing
simple and useful nonproprietary names for drugs while the drugs
are still in the investigational stages. The American Medical Asso-
ciation (AMA), the American Pharmaceutical Association
(APhA), and the United States Pharmacopeial Convention (USPC)
jointly sponsor the USAN program with representation from the
FDA.
Each U.S. Adopted Name is chosen with the expectation that it

will be suitable for prescribing and dispensing purposes and for
designation as the title of the monograph, should the article be re-
cognized in the official United States Pharmacopeia or National
Formulary. A measure of the prestige and recognition of the value
of the USAN program can be found in the following regulations
published by the Commissioner of Food and Drugs and the Secre-
tary of Health and Human Services in the Federal Register of Feb-
ruary 1988.

All who are concerned with the prescription, dispen-
sing, use, sale or manufacture of drugs may, in the
absence of the designation of an official name by
the FDA, rely on the current compendial name or
the U.S. Adopted Name (USAN) listed in this vol-
ume as being the established name in accordance
with the Federal Food, Drug, and Cosmetic Act.

A formal procedure1 is followed by the USAN Council in select-
ing an established name for a drug. The USAN Council Secretary
is also an ex officio member of the International Nonproprietary
Names (INN) Committee. USAN Guiding Principles are concor-
dant with World Health Organization (WHO) principles, and all
USANs for substances also named by the INN Committee are sys-

tematically processed through the INN Committee. This ensures
that, with very rare exceptions, USANs are identical to INNs and
available for world-wide use.
A suggestion for a USAN originates usually from a firm or an

individual who has developed a substance of potential therapeutic
utility to the point where there is a distinct possibility of its being
marketed in the United States of America. Occasionally, the initia-
tive is taken by the USAN Council in the form of a request to par-
ties interested in a substance for which a nonproprietary name
appears to be lacking.
Submissions to the USAN Council are expected to conform to

the established Guiding Principles2 and to be reasonably free from
conflict with other names, including both trademarks and non-
proprietary names. An effort is made to discourage the occasional,
undesirable practice of incorporating in trademarks the syllables
used in an established nonproprietary name, or syllables recom-
mended for USAN. Such trademarks may act as a bar to the sub-
sequent adoption of appropriate nonproprietary names for closely
related drugs.
The suggested nonproprietary names for the drugs described in

the following list are under consideration by the USAN Council.
The name(s) being considered for each drug substance, and the ap-
plicable category, are separated by double spacing from the
name(s) and category for the next listed drug substance. Where
two or more names are being considered for the same drug sub-
stance, the names are single-spaced, and the applicable category
term is written only once to the right of the single-spaced group
of names.
Any comments or protests should be addressed to Sandra Van

Laan, Assistant Secretary, USAN Council, American Medical As-
sociation, 515 North State Street, Chicago, Illinois 60610.

Suggested USAN Category

Abatapcim Alfa
Abatapcimus Alfa
Abatapfusim Alfa
Signatapcim Alfa
Signatapcimus Alfa

Treatment of autoimmune dis-
eases

Abrextrin
Apiclermin
Aplicermin
Aprexermin
Aprextrin

Treatment of obesity

Aclogrel Hydrochloride
Cicloflugrel Hydrochloride
Flosulagrel Hydrochloride
Losulagrel Hydrochloride
Prosulagrel Hydrochloride
Prosulgrel Hydrochloride

Platelet aggregation inhibitor

Suggested USAN Category

Acradusugene (VEGF121)
Acrobermin (adenovirus
vector)

Acrobermin VEGF121
(adenovirus vector)

Acrobermin VEGF121 ADV
Balibermin
Biobermin
Bosabermin (adenovirus vector)
Bosabermin VEGF121
(adenovirus vector)

Bosabermin VEGF121 ADV
Bosadusugene (VEGF121)
Vasobermin
Visobermin
Voradusugene (VEGF121)
Vorobermin (adenovirus vector)
Vorobermin VEGF121
(adenovirus vector)

Vorobermin VEGF121 ADV

Treatment of coronary artery
disease (CAD) class II-IV angi-
na and peripheral artery disease

Acrimustivir Dihydrochloride
Acromustine Dihydrochloride
Acromustrale Dihydrochloride
Afralemust Dihydrochloride
Amustaline Dihydrochloride
Amustalino Dihydrochloride
Cloracrilink Dihydrochloride
Crilomustine Dihydrochloride
Linomustine Dihydrochloride

Red blood cell pathogen activa-
tion

1 USP Dictionary of USAN and International Drug Names, Preface.
2 Ibid., Appendix VII.
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Suggested USAN Category

Adafeboviluss
Cotafeboviluss
Cotaluss
Danofeboviluss
Danoluss
Live Human Keratinocyte
Fibroblast Skin Construct

Live Human Skin Substitute
(Human Keratinocytes,
Fibroblasts, Bovine Collagen)

Living Stratefied Human
Keratinocyte Fibroblast
Construct

Treatment of skin ulcers

Adiresil
Adv-5-hup53-2
Amadusugene (p53)
Amatusugene
Amitusupene (adenovirus
vector)

Amitusupene p53 (adenovirus
vector)

Amitusupene p53 ADV
Apopitel
Paritusupene (adenovirus
vector)

Paritusupene p53 (adenovirus
vector)

Paritusupene p53 ADV

Antineoplastic

Adv-2,5-huE1B-deleted-2
Adv-2,5-hup53-2
Ixadusugene (E1B deleted)
Ixadusugene (p53)

Antineoplastic

Afglucosidase Alfa
Aglucosidase Alfa
Alglucosidase Alfa
Alglucosidase Beta

Treatment of Pompe disease

Agaglitacor
Atraglitazar
Onaglitazar
Optiglitacor
Sivaglitazar
Siviglitacor

Antidiabetic

Aglitazar
Avaglitazar
Cabaglitazar
Velaglitazar

Antidiabetic

Alahebrax Chloride
Altagebrax Chloride
Atagebrax Chloride
Atagebraxe Chloride
Elagebrax Chloride
Elagebraxe Chloride

Treatment of cardiovascular
complications

Aloglustratide
Talaglustract
Tzalapotide

Antineoplastic

Suggested USAN Category

Anretinib
Arcutinib
Palrotinib
Panretinib
Ramotinib
Recetinib

Antineoplastic

Apaselag
Apselagon Alfa
Domaselag
Epselagon Alfa
Ipselagon Alfa
Nimapsel
Paltaselag
Sifusapsel
Sipapsel
Torapsel
Torfusapsel

Treat acute myocardial infarc-
tion and deep vein thrombosis

Aprocitidim
Aptolactide Alfa
Lactoferrin Alfa
Lactofertide Alfa

Anti-infective; anti-inflamma-
tory; antineoplastic

Areformoterol Tartrate
Arformoterol Tartrate

Antiasthmatic

Artofisopam Treatment of irritable bowel
syndrome and Crohn’s disease;
antianxiety; antistress

Atafaxine Hydrochloride
Edanfaxine Hydrochloride
Efdanfaxine Hydrochloride
Sunefaxine Hydrochloride
Zunefaxine Hydrochloride

Antidepressant; antianxiety

Atilizumab
Atlizumab
Nealizumab
Nelizumab
Noralizumab

Monoclonal antibody

Avicurium Chloride
Bantacurium Chloride
Benecurium Chloride
Bravacurium Chloride
Brevicurium Chloride
Brosacurium Chloride
Revacurium Chloride
Vantacurium Chloride
Velocurium Chloride

Neuromuscular blocker

Barfusakinra
Benfusakinra
Binakinra
Kinakinra
Setfusakinra

Treatment of rheumatoid arthri-
tis

Batabulin Sodium
Benabulin Sodium
Turabulin Sodium
Zabulin Sodium

Treatment of various advanced
refractory cancers

Bepisermin
Cobasermin
Derasermin

Antidiabetic
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Suggested USAN Category

Broxicicra
Metirafiv
Queviracir
Queviracrent
Quevircirant
Quicrentevir
Quintacirin
Racirfivant
Ranticicra
Ranticicrant
Ranticirpant
Rantirafiv
Viracirin
Zeptacirin

Antiviral

Caripormide Mesylate Reduction of death and nonfatal
myocardial infarction in pa-
tients undergoing CABG sur-
gery

Catelavancin Hydrochloride
Catellavancin Hydrochloride
Stenzenvancin Hydrochloride

Antibacterial agent against
gram-positive pathogens

Cenalidomide
Cenzoxamide
Enazalidomide

Antineoplastic

Ciclesonide Treatment of asthma as prophy-
lactic therapy in adults and ado-
lescents (12 years and older)

Cidfusituzumab IL-2
Cidtuzumab
Cidtuzumab IL-2
Cidtuzumab Interleukin-2
Cidtuzumabkin IL-2
Eczumabkine
Epcamabkin
Epcamkinab
Epkinzumab
Pecfusituzumab IL-2
Pectumuzmab IL-2
Pectuzumab
Pectuzumab Interleukin-2
Pectuzumabkin IL-2
Tucfusituzumab IL-2
Tuctuzumab
Tuctuzumab IL-2
Tuctuzumab Interleukin-2
Tuctuzumabkin IL-2

Treatment of cancers of epithe-
lial origin

Dekincept Sudotox
Litredekincept Sudotox
Trekincept Sudotox
Trezikincept Sudotox

Antineoplastic

Desmoteplase Treatment of acute myocardial
infarct ion, acute ischemic
stroke, pulmonary embolism,
and hemodialysis

Didenoson
Duodenoson
Flodenoson

Coronary vasodilator for intra-
venous use as an adjunct, or
pharmacologic stress agent, in
radionuclide myocardial perfu-
sion imaging in patients unable
to exercise adequately

Suggested USAN Category

Didroequol
Didronoxel
Didronoxil
Idrodequol
Idroequol
Phenoxodiol

Antineoplastic

Disufenton Neuroprotective agent used to
treat ischemic stroke

Dotetracon
Dotetran
Dotetrate

Chelating agent used to conju-
gate radioisotope to monoclonal
antibody

Doxorubicin Magcarent
Doxorubicin, Magnetic
Carrier Agent
Magcarent Doxorubicin
MTC Doxorubicin

Antineoplastic

Epicallantide
Epicallide
Epicallintide
Epikallintide

Plasma kallikrein inhibitor

Esobutynin Chloride
Esoxybutynin Chloride
Esoxybutynin Hydrochloride

Treatment of urinary inconti-
nence

Ezadenosant
Ezadenoson
Sodenosant
Xodenosant
Xodenoson
Zadenosant

Antiparkinsonian

Hulaplexumid
Immunoplexumid
Plasmid-huHLA B7
Ulaplastumogene
Ulaplasumogene (HLA B7)

Treatment of melanoma

Lancarbate
Lantafosib Carbonate
Lanthanum Carbonate
Pelanthum Carbonate

Treatment of hyperphosphate-
mia

Lemuxaporfin
Leranaporfin
Luxaporfin
Ranaporfin
Seraporfin
Sertaporfin
Tuxaporfin

Photodynamic therapy

Levomepromazine
Methotrimeprazine

Analgesic

Levomepromazine
Hydrochloride

Methotrimeprazine
Hydrochloride

Analgesic

Levomepromazine Maleate
Methotrimeprazine Maleate

Analgesic
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Suggested USAN Category

Lufiprazan
Revamidam
Revaprazan
Ucipant

Acid pump antagonist

Memantine Hydrochloride Treatment of Alzheimer’s dis-
ease

Metazamulin
Prusarimulin
Zapimulin

Topical antibiotic for seconda-
rily infected traumatic lesions
(SITL) and secondarily infected
dermatoses (SID) or impetigo

Mubritinib
Pavritinib
Sardatinib

Antineoplastic

Neramexane Mesylate Treatment of alcohol depen-
dence; pain and cerebral ische-
mia

Papahisperin
Papifutespen

Treatment of recurrent respira-
tory papillomatosis (RPR)

Parathormone (human
recombinant)

Parathyroid Hormone
(human recombinant)

Parathyrotropin

Treatment of osteoporosis

Suggested USAN Category

Pixantrone Antineoplastic

Probucol Hemisuccinate
Resibucol
Tebucolide

Antiproliferative; antioxidant

Rafelagon
Rafelreon
Tafelgon
Tafelreon
Torelagon

Treatment of sleep disorders; se-
lective melatonin receptor ago-
nist

Senofilcon A
Zenafilcon A

Hydrophilic contact lens ma-
terial

Topixantrone Antineoplastic

Valmozamide
Valmozomide
Valrocemide
Valtrecemide

Antiepileptic; anticonvulsant

Vasantafil
Zoranafil

Treatment of erectile dysfunc-
tion

Yttrium Y 90 Lecratuzumab
Yttrium Y 90 Tactuzumab
Yttrium Y 90 Vintuzumab

Tumor eradication via selective
targeting of AFP-positive can-
cers by radiolabeled hAFP-31
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Suggested International Nonproprietary Names

International Nonproprietary Names (INN) are devised by the
World Health Organization (WHO). INNs for substances originat-
ing within the United States are applied for through the USAN
Council. INN and USAN Guiding Principles are concordant,
which assures that, with very few exceptions, INNs and USANs
are identical.
Under its charter, the WHO is empowered simply to recommend

specific actions or procedures to its Member States. This limitation
is incorporated into the WHO program concerned with the selec-
tion of international nonproprietary names for pharmaceutical sub-
stances, in that the WHO first publishes the selected names as
proposals (‘‘Proposed International Nonproprietary Names’’). A
period of four months from the date of publication in WHO Drug
Information is allowed for entering comments on, or objections to,
any proposal on the part of Member States or other interested par-
ties. In general, an objection reflects a belief that the proposal con-
cerned is confusingly close to (i.e., conflicts with) a name already
in use, perhaps in only a restricted area in which the party has a
proprietary interest in the form of trademark rights. In the event

that no objection is received, the WHO proceeds with listing and
publishing the names so devised as recommendations (‘‘Recom-
mended International Nonproprietary Names’’), which many
Member States then recognize as the sole or preferred non-
proprietary name for use within their respective territories.
The names for the drugs that are categorized in the following list

are under consideration for the selection of new Proposed Interna-
tional Nonproprietary Names. The name(s) being considered for
each drug substance, and the applicable category, are separated
by double spacing from the name(s) and category for the next
listed drug substance. Where two or more names are being consid-
ered for the same drug substance, the names are single-spaced, and
the applicable category term is written only once to the right of the
single-spaced group of names.
Any comments or protests should be addressed to Sandra Van

Laan, Assistant Secretary, USAN Council, American Medical As-
sociation, 515 North State Street, Chicago, Illinois 60610.

Suggested INN Category

Actfenacin
Amifenacin
Imidadifenacin

Muscarin receptor antagonist

Albarubicin Antineoplastic

Amadaporin
Prodaporin
Vildaporin

Antidiabetic

Amentane
Amexane
Anemantine
Meridane
Neramexane
Nerimantine

Neuroprotectant

Apixantrone
Pixantrone

Antineoplastic

Arformoterol Tartrate Antiasthmatic

Atlizumab Monoclonal antibody

Axazentan
Valentan
Xovasentan

Endothelin receptor antagonist

Batabulin Sodium Treatment of various advanced
refractory cancers

Befepitant
Prastuxpitant
Tohopitant

NK1 Receptor antagonist

Camtumaomab
Epitumaomab
Eptumaomab
Remtumaomab

Monoclonal antibody

Caripormide Reduction of death and nonfatal
myocardial infarction in pa-
tients undergoing CABG sur-
gery

Suggested INN Category

Carmoterol
Quimeterol
Quinoterol

Bronchodilator

Celevazepine
Levacetazepine
Levazepine

Antiepileptic

Ciclesonide Treatment of asthma as prophy-
lactic therapy in adults and ado-
lescents (12 years and older)

Cintradol
Sinvadol
Zinadol

Analgesic

Clibecampanel
Fosglicampanel
Silampanel

Treatment of epilepsy

Desmoteplase Treatment of acute myocardial
infarct ion, acute ischemic
stroke, pulmonary embolism,
and hemodialysis

Diphentrone
Disphenitrone
Disufenton
Phenitrone

Neuroprotectant

Eptablock
Eptacog-asis
Eptanticog

Treatment of acute respiratory
distress syndrome (ARDS)

Esobutynin Chloride
Esoxybutynin Chloride

Treatment of urinary inconti-
nence

Extumaomab
Gotumaomab
Hertumaomab
Rextumaomab

Monoclonal antibody

Inoglitazone
Leaglitazone
Zanaglitazone

Antidiabetic
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Suggested INN Category

Ipotau
Sigmapress
Taupress

Antihypotensive agent

Levomepromazine Analgesic

Memantine Treatment of Alzheimer’s dis-
ease

Mesopram
Proxam

PDE IV Enzyme inhibitor

Mircocept Antiarthritic

Suggested INN Category

Nexopitant
Pterupitant
Xerapitant

NK1 Receptor antagonist

Primanserin
Provanserin

5-HT2A-serotonin receptor an-
tagonist

Revaprazan Acid pump antagonist

Tenogitran
Throxagitran
Xatrogitran

Treatment of sepsis

Topixantrone Antineoplastic
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BENZYL ALCOHOL DSD Mgh #8570

PF LGS# Reagent Brand Type of Test Comments

28(3) G16 None Cited Related compounds

CEFIXIME DSD Mgh #13990

PF LGS# Reagent Brand Type of Test Comments

29(3) L1 Inertsil ODS-3 Chromatographic purity 4.6 mm x 25 cm, 5 Tm, manufacturer GL Sciences.

CLINDAMYCIN PHOSPHATE VAGINAL INSERTS DSD Mgh #18304

PF LGS# Reagent Brand Type of Test Comments

29(3) L7 Zorbax C8 Assay 4.6 mm x 25 cm, manufacturer Agilent.

DIETHYLENE GLYCOL STEARATES DSD Mgh #25450

PF LGS# Reagent Brand Type of Test Comments

29(3) L21 PLgel Assay 7.5 mm x 30 cm, 7.5 mm x 60 cm, manufacturer
Phenomenex.

ETHYLENE GLYCOL STEARATES DSD Mgh #32090

PF LGS# Reagent Brand Type of Test Comments

29(3) L21 PLgel Assay 7.5 mm x 30 cm, 7.5 mm x 60 cm, manufacturer
Phenomenex.

FAMOTIDINE DSD Mgh #32600

PF LGS# Reagent Brand Type of Test Comments

29(3) L1 Inertsil ODS-2 Assay and Related
Compounds

4.6 mm x 15 cm, 5 Tm, manufacturer GL Sciences.

FAMOTIDINE TABLETS DSD Mgh #34610

PF LGS# Reagent Brand Type of Test Comments

29(3) L1 Inertsil ODS-2 Assay and Related
Compounds

4.6 mm x 15 cm, 5 Tm, manufacturer GL Sciences.

LEVOTHYROXINE SODIUM TABLETS DSD Mgh #45020

PF LGS# Reagent Brand Type of Test Comments

29(3) L7 LiChrospher 100 RP-8 Dissolution 4 mm x 12.5 cm, 5 Tm, manufacturer Merck KgaA.

LYCOPENE DSD Mgh #46120

PF LGS# Reagent Brand Type of Test Comments

29(3) L61 YMC-Carotenoid Content of ……………… Content of all E- lycopene, 5Z-lycopene, and
related compounds. Two columns in series: 4.6

mm x 25 cm, 5 Tm, and 3 Tm. Manufacturer YMC
Corp.
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LYCOPENE PREPARATION DSD Mgh #641

PF LGS# Reagent Brand Type of Test Comments

29(3) L61 YMC-Carotenoid Content of ……………… Content of all E- lycopene, 5Z-lycopene, and
related compounds. Two columns connected in

series, 4.6 mm x 25 cm, 5 Tm, and 3 Tm.
Manufacturer YMC Corp.

NARATRIPTAN HYDROCHLORIDE DSD Mgh #55810

PF LGS# Reagent Brand Type of Test Comments

27(5) L11 Spherisorb P(Phenyl) Assay 4.6 mm x 15 cm, 3 Tm, manufacturer Waters.

27(5) L1 J’Sphere ODS-M80 Chromatographic purity 4.6 mm x 15 cm, 4 Tm, manufacturer YMC Co.,
Ltd.

NARATRIPTAN TABLETS DSD Mgh #55814

PF LGS# Reagent Brand Type of Test Comments

27(5) L1 Spherisorb S10 ODS Assay 4.6 mm x 15 cm, 3 Tm, manufacturer Waters.

27(5) L1 J’Sphere ODS-M80 Chromatographic purity 4.6 mm x 15 cm, 4 Tm, manufacturer YMC Co.,
Ltd.

OXAPROZIN TABLETS DSD Mgh #59165
PF LGS# Reagent Brand Type of Test Comments

28(3) L7 BetaBasic 8 Assay 4.6 mm x 15 cm, 5 Tm, manufacturer Thermo
Hypersil-Keystone.

OXYBUTYNIN CHLORIDE DSD Mgh #59460

PF LGS# Reagent Brand Type of Test Comments

29(3) L7 Symmetry C8 Assay 3.9 mm x 15 cm, 5 Tm, manufacturer Waters.

29(3) L7 Zorbax C8 Related compounds 4.6 mm x 7.5 cm, manufacturer Agilent. Alternative
column Luna C8, same dimensions, manufacturer

Phenomenex.

PARICALCITOL DSD Mgh #61100
PF LGS# Reagent Brand Type of Test Comments

29(3) L1 Supelcosil LC-18-DB Assay & Chrom. Purity 4.6 mm x 25 cm, 5 Tm, manufacturer Supelco.

PARICALCITOL INJECTION DSD Mgh #61105

PF LGS# Reagent Brand Type of Test Comments

29(3) L17 Aminex HPX-87H Content of ……………… Content of propylene glycol and alcohol. 7.8 mm x
30 cm, manufacturer Bio-Rad.

29(3) L1 Supelcosil LC-18-DB Assay 4.6 mm x 2.25 cm, 5 Tm, manufacturer Supelco.

29(3) L1 Alltima C-18 Related compounds 4.6 mm x 2.25 cm, 5 Tm, manufacturer Supelco.

PENTOBARBITAL DSD Mgh #62340
PF LGS# Reagent Brand Type of Test Comments

29(3) L1 Zorbax Eclipse XDB-C18 Assay and Related
Compounds

4.6 mm x 25 cm, 5 Tm, manufacturer Agilent.
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PENTOBARBITAL SODIUM DSD Mgh #62380
PF LGS# Reagent Brand Type of Test Comments

29(3) L1 Zorbax Eclipse XDB-C18 Assay and Related
Compounds

4.6 mm x 25 cm, 5 Tm, manufacturer Agilent.

PROPAFENONE HYDROCHLORIDE DSD Mgh #70214
PF LGS# Reagent Brand Type of Test Comments

29(3) L10 Novapak CN HP Chromatographic purity 3.9 mm x 15 cm, 4 Tm, manufacturer Waters.

SULFASALAZINE DELAYED-RELEASE TABLETS DSD Mgh #79462
PF LGS# Reagent Brand Type of Test Comments

29(3) L1 Partisil 5 ODS-3 Drug release 4.6 mm x 25 cm, 5 Tm, manufacturer Whatman,
Inc.

TOLCAPONE DSD Mgh #84100
PF LGS# Reagent Brand Type of Test Comments

29(3) L1 Kromasil C18 Assay and Related
Compounds

Related Compounds Test 2. 4.0 mm x 25 cm, 5
Tm, manufacturer EKA Nobel.

TOLCAPONE TABLETS DSD Mgh #84105
PF LGS# Reagent Brand Type of Test Comments

29(3) L1 Kromasil KR 100 Assay & Chrom. Purity 4.0 mm x 25 cm, 5 Tm, manufacturer EKA Nobel.

VALSARTAN DSD Mgh #87730
PF LGS# Reagent Brand Type of Test Comments

29(3) L40 Chiralcel OD-H Related compounds Related Compounds Test 1 – Limit of valsartan
related compound A.  4.6 mm x 25 cm,
manufacturer Daicel Chem. Ind. Ltd.
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This is an update based on the proposals published in this issue of PF.



Calendars and Schedules

The following table indicates tentatively scheduled course dates.

Calendar of Pharmacopeial Education Courses- 2003
Date Name of Course Location

May 1 & 2 Fundamentals of Dissolution USP Headquarters, Rockville, MD
May 12 Standards 100: Fundamentals of the Use of USP-NF and the

Standards Development Process
USP Headquarters, Rockville, MD

May 13 Standards 101: Advanced use of USP-NF,
General Notices, & Monograph Chapters

USP Headquarters, Rockville, MD

May 15 Analytical Method Validation Parsippany, New Jersey
May 19 & 20 Fundamentals of Titration USP Headquarters, Rockville, MD
June 3 & 4 Fundamentals of Dissolution Heusenstamm, Germany
June 9 & 10 Fundamentals of Dissolution USP Headquarters, Rockville, MD
June 18 Fundamentals of Microbiological Testing USP Headquarters, Rockville, MD
July 14 & 15 Fundamentals of Dissolution USP Headquarters, Rockville, MD
July 23 Analytical Method Validation USP Headquarters, Rockville, MD
August 11 & 12 Fundamentals of Dissolution USP Headquarters, Rockville, MD
August 20 Standards 100: Fundamentals of the Use of USP-NF and the

Standards Development Process
USP Headquarters, Rockville, MD

August 21 Standards 101: Advanced use of USP-NF, General Notices,
& Monograph Chapters

USP Headquarters, Rockville, MD

September 15 & 16 Fundamentals of Dissolution USP Headquarters, Rockville, MD
September 18 Fundamentals of Microbiological Testing USP Headquarters, Rockville, MD
September 24 & 25 Fundamentals of Titration USP Headquarters, Rockville, MD
October 8 Analytical Method Validation USP Headquarters, Rockville, MD
October 20 & 21 Fundamentals of Dissolution USP Headquarters, Rockville, MD
November 17 & 18 Fundamentals of Dissolution USP Headquarters, Rockville, MD
December 8 Standards 100: Fundamentals of the Use of USP-NF and the

Standards Development Process
USP Headquarters, Rockville, MD

December 9 Standards 101: Advanced use of USP-NF, General Notices,
& Monograph Chapters

USP Headquarters, Rockville, MD

December 15 & 16 Fundamentals of Dissolution USP Headquarters, Rockville, MD

Call 301-816-8530 to get information on custom courses offered at USP or at your site.
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Official Reference Standards
USP Reference Standards are required for use in pharmacopeial
assays and tests in the official standards publication, the United
States Pharmacopeia–National Formulary (USP–NF). USP
Reference Standards help to ensure compliance with the official,
FDA-enforceable quality requirements in the USP–NF. The
Reference Standards also lend themselves to many other
applications, including measurements required to attain accurate
and reproducible results in modern chromatographic and
spectrophotometric methods.

Rigorous Testing and Quality Control
USP Reference Standards are selected for their high purity,
critical characteristics, and suitability for the intended purpose.
Unless a USP Reference Standard label states a specific potency
or content, the USP Reference Standard is taken as being 100%
pure for the USP purposes for which it is provided.

Heterogeneous substances, of natural origin, are also designated
“Reference Standards” where needed. Usually these are the
counterparts of international standards.

USP Reference Standards are established through a process of
rigorous testing, evaluation, and quality control (See page 6 for a
process overview). They are independently tested in three or
more laboratories—USP, FDA, and academic and industrial
laboratories throughout the United States. The Reference
Standards are released under the authority of USP’s Board of
Trustees, on the recommendation of the USP Reference
Standards Expert Committee, which approves selection and
suitability of each lot.

Reference Standards Categories
USP offers more than 1,400 Reference Standards for
pharmaceuticals, excipients, and dietary supplements. On pages
7–41 of this catalog, you'll find a full list of available USP and
NF Reference Standards, with information updated through
March 2003. The list includes:
• Reference Standards required by the current official edition

of USP–NF.
• Reference Standards not required in the current USP–NF,

but for which sufficient demand remains.
• Reference Standards specified in the current edition of the

Food Chemicals Codex (FCC).
• Authentic Substances (AS)—highly purified samples of

chemicals, including substances of abuse, required by
analytical, clinical, pharmaceutical, and research
laboratories.

The distribution of controlled substances is subject to the
regulations and licensing provisions of the Drug Enforcement
Administration (DEA) of the U.S. Department of Justice.

USP also collaborates with the World Health Organization in its
program to provide international biological standards and
chemical reference materials for antibiotics, biologicals, and
chemotherapeutic agents. Some USP Reference Standards are
standardized in terms of the corresponding international
standards.

Proper Use of USP Reference Standards
USP Reference Standards are provided primarily for quality
control use in conducting the pharmacopeial assays and tests
described in the USP–NF. Neither Reference Standards nor
Authentic Substances are intended for use as drugs, dietary
supplements, or medical devices.

To serve its intended purpose, each USP Reference Standard
must be properly stored, handled, and used. Users of USP
Reference Standards should refer to General Chapter 〈11〉 in the
USP–NF:

Listing and directions in USP–NF
• Refer to the list of revisions, additions, and deletions

of individual USP Reference Standards in
USP 26–NF 21. Individual USP or NF monographs specify
the USP Reference Standard(s) required for assay and test
procedures. The USP 26–NF 21 General Test Chapter 〈11〉
USP Reference Standards provides additional information
and instructions for proper use and storage.  Note that if
specific instructions for use appearing on the label of a USP
Reference Standard differ from the instructions in Chapter
〈11〉, the instructions on the label take precedence.

• Consult the cumulative updates to Reference Standards
information provided in USP–NF Supplements and also in
USP–NF Interim Revision Announcements, which are
published in USP’s bimonthly journal, Pharmacopeial
Forum.

Suitability for use
• The user must ascertain that the Reference Standards they

are using are an official lot.
• The user must determine the suitability of Reference

Standards for applications and uses not in the USP–NF.
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Storing
• Ensure that the USP Reference Standards are stored in their

original stoppered containers, according to any special label
directions, away from heat and humidity, and protected
from light.

Weighing
• Ensure that Reference Standard substances are accurately

weighed—taking due account of relatively large errors
potentially associated with weighing small masses—where
it is directed that a standard solution or a standard
preparation be prepared for a quantitative determination.
See USP 26–NF 21 General Chapters 〈41〉 Weights and
Balances and 〈31〉 Volumetric Apparatus, and USP–NF
General Notices, for information regarding appropriate use
of USP Reference Standards.

Drying
• Use a clean and dry vessel, and not the original container, as

the drying vessel where a USP Reference Standard is
required to be dried before use.

• Make sure not to dry a specimen repeatedly at temperatures
above 25 degrees.

• Follow any special drying requirements specified on the
Reference Standards label or in specific sections of USP or
NF monographs (note that any specific instructions on the
label or in the monograph supersede the usual instructions
in Procedures under Tests and Assays in USP–NF General
Notices).

• Follow Method I under USP–NF General Chapter 〈921〉
Water Determination where the titrimetric determination of
water is required at the time a Reference Standard is to be
used. Instrumental or microanalytical methods are
acceptable for this purpose. When using typical amounts,
users must titrate about 50 mg of the Reference Standard
with a fourfold dilution of the reagent.

ORDERING USP REFERENCE STANDARDS

Four convenient ways to order
1. Phone: Call USP with your requirements: (800) 227-8772
from the U.S. or Canada and (301) 881-0666 from other
countries. Please note that DEA controlled substances cannot be
placed over the phone.
2. Fax: Fax your orders to (301) 816-8148.
3. Online: Order through the World Wide Web at
http://www.usp.org/refstd. Please note that DEA controlled
substances cannot be ordered online.

4. Mail: Send all mail orders to:
U.S. Pharmacopeia
Customer Service Department
12601 Twinbrook Parkway
Rockville, MD 20852, USA

Important Order/Policy Information
For fax and mail orders, please use the order form at the back of
this catalog. Official purchase orders on company letterhead may
also be used to order USP Reference Standards. The purchase
orders must have billing and shipping addresses and should
include the catalog number, the name of the official Reference
Standard, and the number of units ordered. Lot numbers need
not be specified on written purchase orders as USP only ships
current official lots. Confirmation orders may be sent and must
clearly be designated as such.  The USP does not assume
responsibility for duplication of orders not clearly marked as
confirmation orders.

Pricing
USP Reference Standards must be ordered in whole units. Please
note that one unit may include several individual containers.

Reference Standards unit prices included in the product listings
from pages 7–41 of this catalog are effective until December 31,
2003. Please note that prices and package sizes are subject to
change without notice.

No Returns or Exchanges
USP Reference Standards may not be returned or exchanged for
refund.

Quantity Discounts
A 5% discount is allowed for 5–24 units of any one Reference
Standard in a single order, and a 10% discount for 25 or more
units of any one Reference Standard in a single order. These
discounts are subject to change without notice.

Shipping
• Reference Standards orders can only be shipped to a street

address and not to P.O. boxes.
• Orders to the U.S. and Ontario, Canada are shipped via air

courier of USP’s choice at a charge of $9 or via air courier
of the customer’s choice at an additional $25 charge.

• Non-controlled substance orders to Canadian provinces
other than Ontario are shipped via air courier of USP’s
choice at a charge of U.S. $60. Carriers of the customer's
choice incur an additional $25 charge.
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• Non-controlled substance orders to be shipped outside the U.S.
and Canada are accepted directly by USP only when customs
forms related to export are not required. They are shipped via
air courier of USP’s choice at a charge of U.S. $60. Carriers of
the customer's choice incur an additional $25 charge.

• Shipping in cold pack can be done at customer request for
an extra charge of $25.

• Controlled substance orders to anywhere outside the U.S. are
shipped via air courier of USP's choice with a charge of U.S.
$195.

• An additional shipping charge may be assessed for
dangerous goods shipments.

• An additional shipping charge of $25 may be assessed for
same-day shipments.

• Customers may provide their shipping account numbers to
have shipping charged directly.

Payment
• Full payment in advance, in U.S. dollars, is required for all U.S.

orders unless open account status has been granted by USP’s
Finance Department. To apply for open account status, an
application can be requested by calling (301) 816-8177.

• Full payment in advance, in U.S. dollars, is required for all
non-U.S. orders.

• Payment may be made by check, money orders, credit cards
(VISA, MasterCard, American Express), and electronic wire
transfer (please call (301) 816-8177 to get bank information for
wire transfers). The customer is responsible for any bank fees
and must include it in the payment. The customer is also
responsible for any other fees such as customs duties, taxes, or
tariffs.

List Chemicals
The following Reference Standards are “List Chemicals”:

Dihydroergotamine Mesylate
* Ephedrine Sulfate

Ergonovine Maleate
Ergotamine Tartrate
Methylergonovine Maleate
Phenylpropanolamine Bitartrate
Phenylpropanolamine HCl
Pseudoephedrine HCl
Pseudoephedrine Sulfate

                                                                
* Shipping this list chemical internationally requires a 15-day
waiting period, but does not require an import permit.

An organization in the United States seeking to purchase a List
Chemical Reference Standard for resale to another customer
must have a DEA registration (either a controlled substance or
List Chemical registration). If an organization in the United
States is purchasing the List Chemical Reference Standard for its
own analytical use, it must provide USP with a letter on
company letterhead describing the reason for the purchase.

CONTROLLED DRUG SUBSTANCE ORDER

DEA Requirements (U.S. Orders)
For all orders for controlled drug substances—regulated by the
U.S. Drug Enforcement Administration (DEA)—to be shipped
within the U.S., a copy of the customer's current DEA
Registration Certificate must be on file with USP. To order
Schedule I and II standards, customers must submit, with their
order forms or purchase orders, a DEA Form 222-C, properly
completed. In addition, customers ordering DEA Schedules III
and IV must provide appropriate DEA registration numbers for
those schedules on their order forms or purchase orders.

DEA Requirements (International Orders)
For all international controlled drug substance orders, please
contact Julie Smith at (301) 816-8164 or
foreigncontrols@usp.org.

All orders for controlled drug substances—regulated by the U.S.
Drug Enforcement Administration (DEA)—to be shipped
outside the U.S. must be accompanied by:

1. Full payment.
2. An import permit (in English or with an English

translation attached) valid at least 6 months from the
date of its receipt by USP Customer Service.

3. A statement of non-reexport and use for medical or
scientific purposes (in English or with an English
translation attached).

4. Purchase Order or Price Quote given by USP.

On receiving the order, USP takes 2–3 business days to:
• Review all documents to make sure they are adequate

and appropriate.
• Complete and legally approve the required DEA forms.
• Forward the forms to the DEA office to obtain the

necessary Export Permits.

USP cannot ship items without an Export Permit. While it typically
takes 6–10 weeks to get the permit from the DEA, USP has no
control over the time in which permits are issued. On receiving
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the Export Permit, USP completes processing of the order in 1–3
days and ships out the materials through its freight forwarder.

Controlled substances (CI, CII, CIII, CIV, CV) shipped to an
international address, including Canada, add $25 per unit.

For controlled substance orders to be shipped to Mexico, in
addition to the DEA processing period, an additional week is
required to obtain a certificate from the Mexican Embassy,
authorizing the shipment to enter the country. Customers will
pay an additional $114 to cover the fee charged by the Mexican
Embassy per import permit.

Back Orders
USP will ship a back-ordered item if that item becomes available
within 30 days of the date the order is placed if there is a valid
open P.O. or payment for the item. If the order is more than 30
days old when the item becomes available, the customer will
receive a Notice of Availability (NOA), indicating that the item
is available. Such items will be shipped only after USP receives
written authorization by the customer. The order will be
canceled if the Reference Standard does not become available
within six months of the original order. NOAs not replied to
within 45 days of generation will be cancelled, and the customer
account will be credited appropriately.

Customers may send confirmation orders for back-ordered
Reference Standards that subsequently become available. They
must clearly designate the confirmation orders as such—USP is
not responsible for duplication of orders not clearly designated.
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Your official site for drug standards information.       www.usp.org

Column 1 (Catalog Number): Catalog number currently assigned
to each Reference Standard and Authentic Substance.  Please
include this number in your orders.

Column 2 (Former Catalog Number): Catalog numbers assigned
prior to July 2002.  These numbers are provided for your
convenience so you can easily cross-reference current numbers
against your earlier orders.

Column 3 (Description): Product description as designated in
USP–NF, the product label, and/or the Drug Enforcement
Administration Control Schedule, as applicable. The quantity of
material per container follows the name in parentheses (all materials
are in single containers unless otherwise specified).

Column 4 (Current Lot): Current lot designation of each official
item being distributed as of the date of this catalog. If the current lot
is blank, the item is not in distribution..

Column 5 (Change Code): Codes that identify any change in USP
Reference Standards status or information since the Mar./Apr.
2003, official Catalog. Code interpretations are as follows:

Change
Code

Interpretation

1 New Reference Standard
2 New lot
3 Change in package size or description
4 Correction of typographical error
5 New catalog number—use for all orders
6 Previous lot no longer official; only current lot to

be used
7 Valid use date of previous lot extended
8 Change in catalog number and/or name, see cross-

reference section
9 Discontinued

Column 6 (Previous Lot/Valid Use Date): Identifies lots no longer
being distributed. The indicated month and in parenthesis indicates
the date (last day of the month) through which that lot was valid as
an official USP Reference Standard. (e.g.  “F-1 (06/00)” means lot
F-1 is no longer being distributed, but was considered official
through June 30, 2000.)

(Column 7) CAS Number∗∗ : Chemical Abstracts Service number,
when available, for USP Reference Standards and Authentic
Substances. In case of mixtures, typically, the CAS number of the
analyte of interest is listed.

Column 8 (Price) lists the price of the reference standard.

                                                                
∗ CAS numbers are provided for informational purposes only
and their listing in the USP Reference Standards Catalog does
not indicate official designation of any CAS number to a salt,
isomer, hydration state, or other chemical form of any specific
Reference Standard or Authentic Substance.
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Development Process for USP Reference Standards

Online ordering.            www.usp.org

New monograph New application for an existing
Reference Standard

Inventory depletion

Bulk material is obtained

Material is tested and characterized through
 collaborative testing involving a minimum of 3

labs—industry, FDA, and USP

Data from the collaborative study are reviewed
by USP staff scientists

Compilation of collaborative study is sent to the USP
Reference Standards Committee for evaluation

USP Reference Standards Committee accepts, recommends
further testing, or rejects the material

Material passes through a series of quality control checks
before release into USP inventory for distribution

Once approved, the material is subdivided and labeled
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DIETARY SUPPLEMENT REFERENCE STANDARDS AVAILABLE FROM USP

Cat. No.
Former
Cat. No. Description Curr. Lot Price Cat. No.

Former
Cat. No. Description Curr. Lot Price

*See  page  5  for Change Code Interpretation www.usp.org Note: Where the Current Lot is blank the item is not in distribution

AMINO ACIDS

1012509 01250-9 L-Alanine (200 mg) F-2 $150
1021000 02100-0 Aminocaproic Acid

(200 mg)
F-4 $150

1042500 04250-0 L-Arginine (200 mg) G-1 $150
1042601 04260-1 Arginine Hydrochloride

(125 mg)
G0B060 $119

1161509 16150-9 L-Cysteine Hydrochloride
(200 mg)

H $150

1294976 Glutamic Acid (200 mg) F0C069 $150
1294808 Glutamine (100 mg) F0B244 $150
1295800 29580-0 Glycine (200 mg) F-3 $150
1308505 30850-5 L-Histidine (200 mg) G0A018 $150
1349502 34950-2 L-Isoleucine (200 mg) F-2 $150
1357001 35700-1 L-Leucine (200 mg) G-1 $150
1359903 35990-3 Levocarnitine (400 mg) $150
1359925 35992-5 Levocarnitine Related

Compound A (100 mg) (3-
carboxy-N,N,N-trimethyl-2-
propen-1-aminium chloride)

F-1 $150

1371501 37150-1 L-Lysine Acetate (200 mg) F $150
1372005 37200-5 L-Lysine Hydrochloride

(200 mg)
H $150

1411504 41150-4 L-Methionine (200 mg) G $150
1530503 53050-3 L-Phenylalanine

(200 mg)
H $150

1568506 56850-6 L-Proline (200 mg) F-2 $150
1612506 61250-6 L-Serine (200 mg) G $150
1667202 66720-2 L-Threonine  (200 mg) G $150
1700501 70050-1 L-Tryptophan (200 mg) G-1 $150
1705006 70500-6 L-Tyrosine (500 mg) J $150
1708503 70850-3 L-Valine (200 mg) F-2 $150

BOTANICALS

CHAMOMILE

1040708 04070-8 Apigenin-7-Glucoside
(30 mg)

F $468

CAPSAICIN/CAPSICUM

1091108 09110-8 Capsaicin (100 mg) G-1 $150
1200600 20060-0 Dihydrocapsaicin (50 mg) F-1 $150

CRANBERRY LIQUID

1134368 13436-8 Citric Acid (200 mg) F1B092 $150
1181302 18130-2 Dextrose (500 g) J-1 $119
1286504 28650-4 Fructose (125 mg) I-2 $119

1374601 37460-1 Malic Acid (Racemic)
(200 mg)

G0B158 $150

1594506 59450-6 Quinic Acid (200 mg) F $150
1617000 61700-0 Sorbitol (125 mg) H $119

1623637 62363-7 Sucrose (100 mg) H0B002 $150

FEVERFEW

1500400 50040-0 Parthenolide (25 mg) F $150

GARLIC

1012145 01214-5 Agigenin (25 mg) F $150
1012950 01295-0 Alliin (25 mg) F $1,466
1115556 11555-6 beta-Chlorogenin

(20 mg)
F $150

1294848 29484-8 gamma-Glutamyl-S-allyl-L-
cysteine (25 mg)

F $649

1411504 41150-4 L-Methionine (200 mg) G $150

GARLIC FLUID EXTRACT

1013057 01305-7 S-Allyl-L-Cysteine
(25 mg)

F $468

GINGER

1091108 09110-8 Capsaicin (100 mg) G-1 $150
1291504 29150-4 Powdered Ginger

(500 mg)
F $150

GINKGO

1592409 59240-9 Quercetin (500 mg) F0B015 $150
1606503 60650-3 Rutin (100 mg) F $150

ASIAN GINSENG

1291708 Powdered Asian Ginseng
Extract (1.5 g)

F0B289 $500

MILK THISTLE

1443850 Powdered Milk Thistle Extract
(250 mg)

F0B321 $250

1612630 61263-0 Silybin (50 mg) F $150
1612641 61264-1 Silydianin (20 mg) F $150

SAW PALMETTO

1424233 42423-3 Methyl Caprate (300 mg) F $150
1424244 42424-4 Methyl Caproate

(300 mg)
F $150

1424255 42425-5 Methyl Caprylate
(300 mg)

F $150

1430305 43030-5 Methyl Laurate (500 mg) F $150
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Former
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BOTANICALS Cont.

1430327 43032-7 Methyl Linoleate
(5 x 50 mg)

F $150

1430349 43034-9 Methyl Linolenate
(5 x 50 mg)

F $150

1431501 43150-1 Methyl Myristate
(300 mg)

F $150

1431556 43155-6 Methyl Oleate (500 mg) F $150
1431603 43160-3 Methyl Palmitate

(300 mg)
F $150

1431625 43162-5 Methyl Palmitoleate
(300 mg)

F $150

1437508 43750-8 Methyl Stearate (300 mg) F $150

ST. JOHN’S WORT

1335202 33520-2 Hyperoside (50 mg) F $822

VALERIAN

1707908 70790-8 Valerenic Acid (25 mg) F $669

CHONDROITIN

1133570 Chondroitin Sulfate
Sodium (300 mg)

F0B256 $150

VITAMINS-MINERALS

1043003 04300-3 Ascorbic Acid (1 g)
(Vitamin C)

Q0B012 $150

1071508 07150-8 Biotin (200 mg) H1B019 $150
1086356 08635-6 Calcium Ascorbate

(200 mg)
F-1 $150

1087009 08700-9 Calcium Pantothenate
(200 mg) (Vitamin B5)

N-1 $150

1131009 13100-9 Cholecalciferol
(30 mg/ampule; 5
ampules) (Vitamin D3)

M0B157 $153

1131803 13180-3 Delta 4,6-cholestadienol
(30 mg)

F $150

1152009 15200-9 Cyanocobalamin (1.5 g
of mixture with mannitol;
10.7 mcg/mg of mixture)
(Vitamin B12)

N $150

1179504 17950-4 Dexpanthenol (500 mg) I $154
1239005 23900-5 Ergocalciferol (150 mg;

30 mg/ampule;
5 ampules) (Vitamin D2)

O $162

1241007 24100-7 Ergosterol (50 mg) H $150

1286005 28600-5 Folic Acid (500 mg) (Vitamin M
or Vitamin Bc)

P $150

1286027 28602-7 Folic Acid Related Compound
A (50 mg) (Calcium
Formyltetrahydrofolate)

H-1 $150

1381006 38100-6 Menadione (200 mg) (Vitamin
K3)

H-3 $150

1461003 46100-3 Niacin (200 mg) H-1 $150
1462006 46200-6 Niacinamide (500 mg) (Vitamin

B3)
M-1 $150

1494501 49450-1 Racemic Panthenol
(200 mg)

G $150

1494807 49480-7 Pantolactone (500 mg) F $468
1538006 53800-6 Phytonadione (500 mg)

(Vitamin K1)
M-1 $150

1550001 55000-1 Potassium Gluconate
(200 mg)

G $150

1587001 58700-1 Pyridoxine Hydrochloride
(200 mg) (Vitamin B6)

P $150

1603006 60300-6 Riboflavin (500 mg) (Vitamin
B2)

M-1 $150

1613509 61350-9 Sodium Ascorbate
(200 mg)

G-1 $150

1614002 61400-2 Sodium Fluoride (1 g) H-1 $150
1656002 65600-2 Thiamine Hydrochloride

(500 mg) (Vitamin B1
Hydrochloride)

O $150

1667600 66760-0 Alpha Tocopherol
(250 mg) (Vitamin E Alcohol)

M $150

1667701 66770-1 Alpha Tocopheryl Acetate
(250 mg) (Vitamin E Acetate)

K $150

1667803 66780-3 Alpha Tocopheryl Acid
Succinate (250 mg) (Vitamin E
Succinate)

F-5 $150

1716002 71600-2 Vitamin A (24 capsules each
containing vitamin A acetate in
cottonseed oil)

U $150

1717504 71750-4 Vitamin D Assay System
Suitability (1.5 g)

F $150

OTHER DIETARY SUPPLEMENTS

1133638 13363-8 Chromium Picolinate
(100 g)

F $150

1150353 15035-3 Creatinine (100 mg) F $150
1611955 61195-5 Selenomethionine

(100 mg)
F0B006 $150
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Cat.
No.

Former
Cat. No. Description

Curr.
Lot Price

1012906 01290-6 Alfentanil HCl CII (500 mg) F0B016   $173

1014005 01400-5 Alphaprodine Hydrochloride CII  (250 mg) F $173

1015008 01500-8 Alprazolam CIV (200 mg) H $173

1030001 03000-1 Amobarbital CII (200 mg) F-2 $173

1036008 03600-8 Anileridine Hydrochloride CII (250 mg) F $173

1042000 04200-0 Aprobarbital CIII (200 mg) (AS ) F-1 $173

1059003 05900-3 Benzphetamine Hydrochloride CIII (200 mg)

(AS )

F-1 $173

1078700 07870-0 Buprenorphine Hydrochloride CIII (50 mg) F-1 $173

1079000 07900-0 Butabarbital CIII (200 mg) G $173

1081002 08100-2 Butalbital CIII (200 mg) G2B077 $173

1082504 08250-4 Butorphanol Tartrate CIV (500 mg) J $173

1089004 08900-4 Cannabidiol CI (25 mg) (AS ) F-2 $173

1090003 09000-3 Cannabinol CI (25 mg) (AS ) $173

1096804 09680-4 Cathinone Hydrochloride CI (50 mg) (alpha-

Aminopropiophenone Hydrochloride)

I $468

1109000 10900-0 Chlordiazepoxide CIV (200 mg) I0B063 $173

1110009 11000-9 Chlordiazepoxide Hydrochloride  CIV (200 mg) G-4 $173

1140305 14030-5 Clonazepam CIV (200 mg) G1B175 $173

1140509 14050-9 Clorazepate Dipotassium CIV  (125 mg) G0B027 $173

1143008 14300-8 Cocaine Hydrochloride CII  (250 mg) I0B074 $173

1143802 14380-2 Codeine N-Oxide CI (50 mg) G0A034 $173

1144000 14400-0 Codeine Phosphate CII (100 mg) I-1 $173

1145003 14500-3 Codeine Sulfate CII  (250 mg) H-2 $173

1180004 18000-4 Dextroamphetamine Sulfate CII (500 mg) H $181

1183002 18300-2 Diacetylmorphine Hydrochloride (Heroin

Hydrochloride) CI (25 mg) (AS )

J $173

1185008 18500-8 Diazepam CIV (100 mg) I $173

1187207 18720-7 Dichloralphenazone CIV (200 mg) F0B010 $173

1194009 19400-9 Diethylpropion Hydrochloride CIV (200 mg) H $173

1200804 20080-4 Dihydrocodeine Bitartrate CII (200 mg) H $173

1219008 21900-8 Diphenoxylate Hydrochloride CII (200 mg) I $173

1258305 25830-5 Ethchlorvynol CIV (0.7 ml) F0B011 $173

1270005 27000-5 Fentanyl Citrate CII (100 mg) J2B227 $173

1280009 28000-9 Fluoxymesterone CIII (200 mg) G-2 $173

1285002 28500-2 Flurazepam Hydrochloride CIV (200 mg) I $173

1295006 29500-6 Glutethimide CII (500 mg) F $173

1302305 30230-5 Halazepam CIV (200 mg) F $173

1307003 30700-3 Hexobarbital CIII (500 mg) F $173

1315001 31500-1 Hydrocodone Bitartrate CII (250 mg) J0A026 $173

1323000 32300-0 Hydromorphone Hydrochloride CII (50 mg) I $173

1356009 35600-9 Ketamine Hydrochloride CIII (250 mg) G-2 $173

1359506 35950-6 Levmetamfetamine CII (75 mg) F $173

1362001 36200-1 Levo-alpha-acetylmethadol Hydrochloride CII

(25 mg) (AS)

$173

1364007 36400-7 Levorphanol Tartrate CII (500 mg) H $173

Cat.
No.

Former
Cat. No. Description

Curr.
Lot Price

1370305 37030-5 Lorazepam CIV (200 mg) H0B023 $173

1371002 37100-2 Lysergic Acid Diethylamide Tartrate (LSD) CI

(10 mg) (AS)

I $173

1375309 37530-9 Mazindol CIV (350 mg) H $173

1383001 38300-1 Meperidine Hydrochloride CII (200 mg) I $173

1386000 38600-0 Mephobarbital CIV  (250 mg) G $173

1389008 38900-8 Meprobamate CIV (200 mg) G-1 $173

1398009 39800-9 Methadone Hydrochloride CII (200 mg) I0B163 $173

1399001 39900-1 Methamphetamine Hydrochloride CII (125 mg) I $173

1404000 40400-0 Methaqualone CI (500 mg) F-1 $173

1405002 40500-2 Metharbital CIII (200 mg) F-2 $173

1413000 41300-0 Methohexital CIV (500 mg) F-2 $173

1425000 42500-0 4-Methyl-2,5-dimethoxyamphetamine

Hydrochloride (STP) CI (25 mg) (AS )

F $173

1429000 42900-0 Methylenedioxy-3,4-amphetamine

Hydrochloride (MDA) CI (25 mg) (AS )

F-1 $173

1433008 43300-8 Methylphenidate Hydrochloride CII  (125 mg) I $138

1434000 43400-0 Methylphenidate Hydrochloride Erythro Isomer

(CII ) (50 mg)

J0B294 $468

1438001 43800-1 Methyltestosterone CIII (200 mg) J $173

1447002 44700-2 Morphine Monohydrate CII (50 mg) (AS ) G $173

1448005 44800-5 Morphine Sulfate CII (500 mg) L0B056 $277

1452002 45200-2 Nalorphine Hydrochloride CIII  (250 mg) I $173

1453526 45352-6 Naltrexone Related Compound A CII (30 mg)

(N-(3-butenyl)-noroxymorphone hydrochloride)

F $173

1454008 45400-8 Nandrolone CIII (50 mg) F-3 $468

1455000 45500-0 Nandrolone Decanoate CIII (250 mg) I $173

1456003 45600-3 Nandrolone Phenprop-ionate CIII  (250 mg) H $173

1468400 46840-0 Nordazepam CIV (50 mg) (7-Chloro-1,3-

dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one)

H1B035 $468

1473002 47300-2 Noroxymorphone Hydrochloride CII (50 mg) H $468

1482003 48200-3 Oxandrolone CIII (50 mg) G0B220 $173

1483006 48300-6 Oxazepam CIV (200 mg) G-1 $173

1485191 48519-1 Oxycodone CII (200 mg) I0B046 $173

1487007 48700-7 Oxymetholone CIII  (200 mg) G1B247 $173

1488000 48800-0 Oxymorphone CII (500 mg) H0B214 $173

1505007 50500-7 Pentazocine CIV (500 mg) H $173

1507002 50700-2 Pentobarbital CII (200 mg) H-2 $173

1516003 51600-3 Phencyclidine Hydrochloride CII (25 mg) (AS ) G1B025 $173

1516502 51650-2 Phendimetrazine Tartrate CIII  (350 mg) G $173

1523009 52300-9 Phenmetrazine Hydrochloride CII (200 mg) F-2 $173

1524001 52400-1 Phenobarbital CIV (200 mg) J $173

1528501 52850-1 Phentermine Hydrochloride CIV (200 mg) H0B309 $173

1554501 55450-1 Prazepam CIV (500 mg)  G0C066 $173

1574000 57400-0 Propoxyphene Hydrochloride CII  (1 g) K $173

1575002 57500-2 Propoxyphene Napsylate CII  (1 g) H $173

1592205 59220-5 Quazepam CIV (200 mg) F $173

1611004 61100-4 Secobarbital CII  (200 mg) H $173
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Cat.
No.

Former
Cat. No. Description

Curr.
Lot Price

1620005 62000-5 Stanozolol CIII (200 mg) F-3 $173

1623648 62364-8 Sufentanil Citrate CII (25 mg) H0B208 $173

1643000 64300-0 Talbutal CIII (250 mg) F $173

1643408 64340-8 Temazepam CIV  (200 mg) G $173

1645006 64500-6 Testolactone CIII (125 mg) F-1 $138

1646009 64600-9 Testosterone CIII (125 mg) I $138

Cat.
No.

Former
Cat. No. Description

Curr.
Lot Price

1647001 64700-1 Testosterone Cypionate CIII (200 mg) G-1 $173

1648004 64800-4 Testosterone Enanthate CIII (200 mg) J $173

1649007 64900-7 Testosterone Propionate CIII (200 mg) L $173

1656308 65630-8 Thiamylal CIII (200 mg) F $173

1661002 66100-2 Thiopental CIII (250 mg) I $173

1680506 68050-6 Triazolam CIV (200 mg) H0B041 $173
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For the convenience of our customers outside the United States, USP has authorized distribution by the organizations or companies
listed below. Customers who order through these distributors should obtain information on ordering, pricing, and shipping directly
from the distributors. USP products distributed are listed in italics below each listing.

ASIA
INDIA
LGC Promochem
P.O. Box 8061
No. 142, 3rd Floor, 5th Cross
Rajamahal Villas Extension
Bangalore 560 080
INDIA
Tel: (91) (0) 80 361 4774
Fax: (91) (0) 80 361 3859
E-mail: in@lgcpromochem.com
Reference Standards ;
USP–NF Asian Edition (Print)
LGC Promochem India Private
Ltd.
Flat 1204-B, 12th Floor
Jalvay Vilar Sector 1
Adi Shankaracharya Marg.
Powai, Mumbai 400 076
INDIA
Tel: (91) 22-570-0244
Fax: (91) 22-570-1005
E-mail: in@promochem.com
Reference Standards;

   USP–NF Asian Edition (Print)
JAPAN
Maruzen International Co.
3-10 Nihombashi
2-Chome
Chuo-ku,Tokyo l03
JAPAN
Tel: (81) 3-3275-8591
Fax: (81) 3-3278-1937
USP–NF (Print or Electronic);
Pharmacopeial Forum; USP
Dictionary
Nankodo Company Ltd.
42-6, Hongo 3 Chome
Bunkyo-ku, Tokyo 113
JAPAN
Tel: (81) 3-3811-9950
Fax: (81) 3-3811-5031
USP–NF (Print or Electronic)
Society of Japanese
Pharmacopeia
USP Ref Stds Order Department
2-12-15 Shibuya
Shibuya-ku
Tokyo 150-0002
JAPAN
Tel: (81) 3-3400-7458
Fax: (81) 3-3400-3158
Reference Standards

EXPORTER TO KOREA
C&S Specialties, Inc.
121 Piermont Road
Norwood, NJ  07648
USA
Tel: 201-750-7740
Fax: 201-750-7742
Reference Standards

AUSTRALIA
Selby Biolab
2 Clayton Road
Clayton, VIC 3168
AUSTRALIA
Tel: (61) 3-9263-4300
Fax: (61) 3-9562-9840
E-mail: info@selbybiolab.com.au
http://www.selbybiolab.com.au
Reference Standards

EUROPE
ENGLAND
Info Technology Supply, Ltd.
Talbot House
204-226 Imperial Drive
Harrow, Middlesex HA2 7HH
UNITED KINGDOM
Tel: (44) 181-429-3970
Fax: (44) 181-429-3642
USP–NF (Electronic)
Pharmaceutical Press
1 Lambeth High Street
London SE1 7JN
UNITED KINGDOM
Tel: (44) 0-20-7735-9141
Fax: (44) 0-20-7735-5085
USP–NF (Print or Electronic);
Pharmacopeial Forum; USP Dictionary
LGC Promochem Ltd.
1s t Floor, King George House
1-5 Harpsfield Broadway
Comet Way
Hatfield
Hertfordshire
AL10 9TF
UNITED KINGDOM

   Tel: (44) 0-1707-252900
Fax: (44) 0-1707-262043
E-mail: uksales@lgcpromochem.com
Reference Standards;
USP–NF (Print or Electronic);
Pharmacopeial Forum; USP
Dictionary;
Chromatographic Reagents
Royal Pharmaceutical
Society of Great Britain
Medicines Testing Laboratory
36 York Place
Edinburgh EH1 3HU
UNITED KINGDOM
Tel: (44) 131-557-1284
Fax: (44) 131-556-0723
Reference Standards

The Stationery Office (TSO)
51 Nine Elms Lane
London SW8 5DR
UNITED KINGDOM
Tel: (44) 171-873-8236
Fax: (44) 171-873-8203
USP–NF (Print or Electronic);
Pharmacopeial Forum; USP
Dictionary; Chromatographic
Reagents
FRANCE
BEDI - Bureau d'etudes et de
documentation industrielle
8, place de la République
75011 Paris
FRANCE
Tel: (33) 1-47-00-62-63
Fax: (33) 1-47-00-04-69
USP–NF (Print or Electronic);
Pharmacopeial Forum; USP
Dictionary
Librairie Lavoisier
14, rue de Provigny
F-94236 Cachan Cedex
FRANCE
Tel: (33) 1-47-40-6700
Fax: (33) 1-47-40-6702
USP–NF on CD;
USP–NF (Print)
LGC Promochem S.A.R.L.
6 rue Kastler - BP 76
67123 Molsheim
FRANCE
Tel: (33) (0)-3-88-04-82-82
Fax: (33) (0)-3-88-04-82-90
E-mail: fr@lgcpromochem.com
Reference Standards;
USP–NF (Electronic);
Pharmacopeial Forum; USP
Dictionary; Chromatographic
Reagents
GERMANY
Deutscher Apotheker Verlag
Postfach 10 10 61
D-70 009 Stuttgart
GERMANY
Tel: (49) 711-2582-341
Fax: (49) 711-2582-390
E-mail: service@deutscher-
apotheker-verlag.de
http://www.deutscher-
apotheker-verlag.de
USP–NF (Print or Electronic);
Pharmacopeial Forum

PHAST  GmbH
Kardinal-Wendel-Str. 16
66424 Homburg/Saar
GERMANY
Tel: (49) 6841-98489-40
Fax: (49) 6841-993807
Reference Standards

LGC Promochem GmbH
Mercatorstrasse 51
46485 Wesel
GERMANY
Tel: (49) 0-281-9887-270
Fax: (49) 0-281-9887-299
E-mail: de@lgcpromochem.com
Reference Standards
ITALY
Licosa S.P.A.
Ufficio di Milano
Via Bartolin, 29
20155 Milano
ITALY
Tel: (02) 39265083
Fax: (02) 39217304
E-mail: licosami@licosa.com
USP–NF (Print or Electronic);
Pharmacopeial Forum; USP
Dictionary
Nova Chimica
Via Galileo Galilei, 47
20092 Cinisello Balsamo (MI)
ITALY
Tel: (02) 66045392
Fax: (02) 66045394
E-mail: info@novachimica.com
http://www.novachimica.com
Reference Standards
OEMF, S.P.A.
Via Palizzi, 88
20157 Milano
ITALY
Tel: (02) 33210320
Fax: (02) 33210200
USP–NF (Print or Electronic);
Pharmacopeial Forum
NETHERLANDS /BELGIUM
Kooyker Ginsberg
Booksellers
Postbus 24, 2300 AA
Leiden
NETHERLANDS
Tel: (31) 71-516-0531
Fax: (31) 71-519-1499
USP–NF (Print or Electronic)
POLAND
LGC Promochem Sp.zo.o.
ul. Annopol 6
03-236 Warszawa
POLAND
Tel: (48) 228-11-23-99
Fax: (48) 226-76-90-80
E-mail: pl@lgcpromochem.com
Reference Standards;
USP–NF (Print or Electronic);
Pharmacopeial Forum; USP
Dictionary; Chromatographic
Reagents
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SPAIN/PORTUGAL
LGC Promochem S.L.
Perú, 104 - Nave 3
08018 Barcelona
SPAIN
Tel: (34) 93-308-4181
Fax: (34) 93-307-3612
E-mail: es@lgcpromochem.com
Reference Standards;
USP–NF (Print or Electronic);
Pharmacopeial Forum; USP
Dictionary; Chromatographic
Reagents
SWEDEN
LGC Promochem
Brinellgatan 4, Hus 4B
Box 1737
SE-501 17 Boras
SWEDEN
Tel: (46) 0-33-16-5315
Fax: (46) 0-33-16-5310
E-mail: se@lgcpromochem.com
Reference Standards;
USP–NF (Print or Electronic);
Pharmacopeial Forum; USP
Dictionary; Chromatographic
Reagents
Prio Info AB
P.O. Box 1528
Prastgardsgatan 1, 14th fl.
172 29 Sundbyberg (Stockholm)
 SWEDEN
Tel: (46) 0 8 441 1740
Fax: (46) 0 8 652 8115
USP–NF (Print or Electronic);
Pharmacopeial Forum

LATIN AMERICA
ARGENTINA
Carpe Scheider y Cia, S.A.
Godoy Cruz 2769, 5 Piso
1425 Buenos Aires
ARGENTINA
Tel: (54) 11-477-60477
Fax: (54) 11-477-59619
Reference Standards;
USP–NF (Print or Electronic);
Pharmacopeial Forum

Tradinco
Catamarca 3601
La Lucila
1636 Prov. Buenos Aires
ARGENTINA
Tel: (54) 11-479-43464
Fax: (54) 11-479-42621
USP–NF (Print or Electronic);
Pharmacopeial Forum
BRAZIL
Ayalla Marketing e
Representações Ltda.
(Ricera American Corp. - Filial nos
EUA)
Av. Barão de Vallim, 142 - Campo
Belo
04613-030 - Sao Paulo - SP
BRAZIL
Tel: (55) 11-5561-7486
Fax: (55) 11-5041-8434/5535-9606
E-mail: ayalla@ayalla.com.br
Reference Standards;
USP–NF (Print or Electronic);
Pharmacopeial Forum;
USP Dictionary
MEXICO
Asociación Farmacéutica
Mexicana, AC (AFM)
Adolfo Prieto 1649-601
03100 México, D.F.
MEXICO
Tel: (5255) 5524-5685
Fax: (5255) 5534-5098
USP–NF (Print or Electronic);
Pharmacopeial Forum
Proquifa, S.A. de C.V.
Oriente 6 Mz. 26 Lote 13
Cuchilla del Tesoro
07900 México, D.F.
MEXICO
Tel: (5255) 5799-5250
Fax: (5255) 5796-6649
Email: publicacion@proquifa.com.mx
http://www.proquifa.com.mx
Reference Standards;
USP–NF (Print or Electronic);
Pharmacopeial Forum; USP Dictionary
EXPORTER TO CENTRAL AMERICA
Pharma Scientific
2820 San Bernardo Suite 9
Laredo, TX 78045
Tel: (956) 729-8110
Fax: (956) 729-8112
Email: pharma2@netscorp.net
Reference Standards;
USP–NF (Print or Electronic);
Pharmacopeial Forum; USP Dictionary

URUGUAY
Infodynamics S.R.L.
Solano Garcia 2612
CP 11300 Montevideo
URUGUAY
Tel: (59) 82-7100499
Fax: (59) 82-7100499
USP–NF (Print or Electronic);
Pharmacopeial Forum; USP
Dictionary
EXPORTER TO LATIN
AMERICA
Farma International
9501 Old South Dixie Hwy.
Miami, FL 33156
USA
Tel: 305-670-4416
Fax: 305-670-4417
Reference Standards;
USP–NF (Print or Electronic);
Pharmacopeial Forum

MIDDLE EAST
ISRAEL
Ophir Analytical Ltd.
10 Miller Street
Petah Tikva 49280
ISRAEL
Tel: (972) 3-931-8983
Fax: (972) 3-930-2152
Reference Standards
Yozmot, Ltd.
P.O. Box 56055
Tel-Aviv 61560
ISRAEL
Tel: (972) 3-528-4851
Fax: (972) 3-528-5397
USP–NF (Print or Electronic)

SOUTH AFRICA

Industrial Analytical
(Pty) LTD
Kyalami Business Park
Industrial Analytical House
4 Indianapolis Road
Kyalami, 1684,
Republic of South Africa
Tel: (011) 466-4321
Fax: (011) 466-4611
Reference Standards;
USP–NF (Print or Electronic);
Pharmacopeial Forum; USP
Dictionary; Chromatographic
Reagents

NORTH AMERICA
USA
National Technical
Information Service
5285 Port Royal Road
Springfield, VA 22161
USA
Tel: 703-605-6400
Fax: 703-605-6715
USP–NF (Print or Electronic)

Rittenhouse Book
Distributors, Inc.
522 Feheley Drive
King of Prussia, PA 19406
USA
Tel: 800-345-6425
Fax: 800-223-7488
USP–NF (Print or Electronic);
Pharmacopeial Forum; USP
Dictionary
CANADA
A&C American Chemicals Ltd.
3010 De Baene Street
Montreal, Quebec H4S IL2
CANADA
Tel: 514-336-1493
Fax: 514-336-1768
E-mail:
acamchem@qc.aibn.com
http://
www.acamericanchemicals.com
Reference Standards
Login Brothers Canada
324 Saulteaux Crescent
Winnipeg, Manitoba R3J 3T2
CANADA
Tel: 800-665-1148
Fax: 800-665-0103
E-mail: mc@lb.com, gc@lb.com
http://www.lb.com
USP–NF (Print)
Nucro Technics
2000 Ellesmere Road, Unit 16
Scarborough, Ontario M1H 2W4
CANADA
Tel: 416-438-6727
Fax: 416-438-3463
Reference Standards




